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Preamble

We are living in an age of technology. Technology is ubiquitous and super-powerful, bringing many positive changes to our life. Technology has been used in a multitude of areas, one of which is the humanities, which is known in general as “techno-humanities”. The growth of the humanities in this digital age obviously relies on technology.

It should be noted that techno-humanities grows from digital humanities. Digital humanities has been around for decades. Many centres of digital humanities have been established since the 1980s, more than 40 years ago. A quick survey reveals that the importance of digitizing humanities materials is widely recognized by many universities in the world. As a result, around 70 research centres have been set up in different countries, mostly in the West, and more than 80 English books on digital humanities have been published in the past 2 decades. The achievements in the area of digital humanities lead to the emergence of techno-humanities, which is not merely about digitizing materials in the arts, but mainly about the use and development of technology for the humanities. It is therefore a step beyond digital humanities, a marriage of technology and the arts.

It is about time to sum up the scholarship in this field and look into its future. This first encyclopedia on technology and humanities is a pioneer attempt to introduce a wide range of disciplines in the emerging field of techno-humanities to the English-reading world, covering topics such as archaeology, cultural heritage, design, fashion, linguistics, music, philosophy, and translation. It has 20 chapters by 26 local and international scholars. Each chapter has its own theme and addresses issues of significant interest in the respective disciplines. References are provided at the end of each chapter for further exploration into relevant literature. To facilitate an easy reading of the information presented in this volume, chapters have been arranged according to the alphabetical order of the topics covered.



Topics in the Encyclopedia


Archaeology

The application of technology to archaeology should be of great interest to many. In Chapter 1, ‘Advancing Archaeological Research: The Contribution of Spatial Technologies’, Professor Giacomo Landeschi of Lund University in Sweden, a specialist in archaeological computing, provides an overview of the main achievements gained through the use of new technologies to archaeology in recent decades. It focuses on technologies for site documentation in field archaeology and landscape archaeology and non-destructive methods for the prospection of an archaeological landscape prospection.



Architecture

In Chapter 2, ‘A Critical Pedagogy for Architectural Technology’, Mr Peter Silver and Dr Will McLean of the School of Architecture, the University of Westminster, outline their human-oriented approach to teaching architectural technology to architecture students. They emphasize the connection between technology and human culture, thereby enabling students to develop strong intuition on abstract technical details. They illustrate this approach in the chapter with examples from student projects.



Art

In Chapter 3, ‘Virtual Technology, Online Resources, and Learning with/in Art Museums’, Dr Tam Cheung On and Ms Claire Hui Ka Yan of the Education University of Hong Kong provide a timely review of digital and virtual technologies in museum education. Their review covers the impact of the COVID-19 pandemic on the educational landscape and highlights the role of virtual technology in the learning experience beyond physical museum spaces. This chapter ends with a brief review of some relevant studies.



Communication

In Chapter 4, ‘Empathic Communication in Customer–Chatbot Service Encounters’, Dr Yeung Wing-lok of Saint Francis University discusses some ethical issues on the use of AI technology in human–computer communication. He focuses on the increasing use of AI chatbots in customer service and argues that empathy is a necessary communication skill for chatbots from an ethical point of view. Furthermore, the chapter reviews some challenges to endowing chatbots with empathy.



Culture

In Chapter 5, ‘DH-XR: Extended Reality’s Relevance to the Digital Humanities’, Professor Erik Champion of the University of South Australia and Dr Hafizur Rahaman of Curtin University explore the use of digital technology in the dissemination of cultural heritage. They cover 3D models, virtual/extended reality, game design, etc. and discuss issues and challenges involved in these technologies. They also introduce immersive (digital) literary as a relevant learning skill for cultural heritage in this digital age.



Design

In Chapter 6, ‘Exploration of the Emotion-Adaptive Engine in the Computer-Aided Design Process’, Dr Amic G. Ho of Hong Kong Metropolitan University discusses the role of human emotions in experience-based design and how emotional factors can be incorporated into the design process. The chapter reviews some technologies for recognizing and measuring users’ emotions and their use in designing experiences that adapt to users’ emotions.



Fashion

Technology has been core to the development of the fashion and textiles industries. Professor Natascha Radclyffe-Thomas of the British School of Fashion, Glasgow Caledonian University, London in the United Kingdom, in Chapter 7, ‘Technology and Fashion: Fashioning Technology – Science, Selfs, and Systems’, reviews the trends and technological innovations in the production (smart textiles, 3D printing, etc.), promotion (social media, online communities, etc.) and consumption (e-commerce, market analytics, etc.) of fashion. This chapter concludes with thoughts on the role of technology in the future fashion industry.



Food

Food, as we all know, is a very important part of a culture and recipes are a major source of useful information in our daily lives. From conventional cookbooks to YouTube cooking videos, one can find numerous cooking ideas and practical instructions readily available through various channels. Finding or recommending recipes that meet our needs is, however, not always an easy task. Researchers have studied many intelligent ways of meeting such needs using computational methods. Deep learning has recently opened up interesting and powerful ways to exploit the vast troves of recipes and food images amassed in digital forms and support innovative use cases in food- and health-related applications. In Chapter 8, ‘Deep Learning for Recipe Generation’, Professor Chan Sin-wai of Saint Francis University provides an overview of these use cases, reviewing the use of AI technology in the visualization of Chinese recipes with English translations through text (recipe)-to-image and image-to-text (recipe) generators and make human and automatic evaluations of their outputs and quality.



Heritage

To maintain cultural heritage is a daunting task to perform. In Chapter 9, ‘Convergence and Fragmentation: End-Users, Dialogic Interaction, and Digital Heritage’, Professor Hafizur Rahaman of Curtin University in Australia consider a user-centric approach to design in digital heritage projects with an emphasis on end-users’ interpretation through dialogic interaction. He also report on a user study in a project based on this approach and reflect on its findings.



Interpreting

In the field of interpreting, great efforts have been made to incorporate technology in the work of consecutive and simultaneous interpreting, which is perceived as a “technological turn” in computer-aided interpreting. In Chapter 10, ‘Ready for the Future? Towards the “Tech” Revolution in Interpreting’, Professor Gloria Corpas Pastor of the University of Malaga in Spain provides an overview of technologies that have been applied to interpreting and gives a roadmap for the future development of interpreting technologies.



Language

Language technology has been around for many years. The use of technology in education is educational technology. In Chapter 11, ‘Concept-Based Grammar Teaching in the Digital Era’, Dr Ivy Wong Man Ho of the Department of English Language and Literature of Hong Kong Shue Yan University and Mr Hung Tsun Sing of the same university discuss the challenges of using computer-assisted language learning (CALL) technologies in Second Language (L2) Education and highlight the importance of pedagogical groundedness in ensuring the effectiveness of these technologies. They introduce a concept-based pedagogical approach in the form of a five-step guide for designing CALL and report on a pilot study in the effectiveness of this approach in an eCALL tutor for teaching L2 grammar.



Linguistics

The chapter on linguistics and technology is written by Professor Niladri Sekhar Dash of the Indian Statistical Institute in India. In Chapter 12, ‘Corpus Linguistics and Language Technology’, he reviews the state-of-the-art in corpus linguistics and language technology. The review covers some major domains of technology applications, including digital font generation and conversion, language corpus building, corpus processing, corpus annotation, and corpus utilization.



Literary Criticism

The employ of technology to literary criticism is an under-explored area. In Chapter 13, Technology and Literary Criticism’, Professor Grant Hamilton of the Department of English of The Chinese University of Hong Kong reviews the genealogy of computational literary studies and highlights the role of technology in literary criticism. The review covers significant developments in the field from early speculations on stylometry to the recent advances in artificial intelligence.



Literature

Digital humanities in the field of classical Chinese literature is far from adequate, hindering effective data retrieval. In Chapter 14, ‘Digital Humanities and Classical Chinese Literature’, Professor Siu Chun Ho of the Department of Chinese Language and Literature of The Chinese University of Hong Kong introduces text mining tools and visualization tools for classical Chinese literature, besides pointing out the weaknesses of current electronic resources for Chinese versification studies.



Music

Digital music is currently in vogue. Studies on electronic classical music, however, is relatively rare. In Chapter 15, ‘Re-scaling Beethoven: Very Long, Very Short’, Professor PerMagnus Lindborg of the City University of Hong Kong considers our perceptions of iconic musical works as filtered through the technology of sound recording and reproduction. He discusses how musical pieces of extreme (long or short) durations are perceived and characterized by listeners in terms of continuity, slowness, and repetition for very long pieces; and recognizability and specificity for very short pieces. With an experiment based on Beethoven’s Ninth Symphony and a couple of its derivatives, the overarching concept of iconicity is brought out as a quality enabled by technologies of appropriation.



Philosophy

The relationship between technology and philosophy has not been deeply explored. In Chapter 16, ‘Philosophy and Technology’, Ms Danielle J. Williams of the University of California at Davis and Professor Gualtiero Piccinini of the University of Missouri – St. Louis ask some core philosophical questions about technology. They consider ideas such as artifacts, functions, and goals, pertaining to technology as well as its relationships with science and with humans and non-humans (such as animals). They also discuss the ethical and policy implications of technology.



Religion

The subject of religion and technology is an interesting one. In Chapter 17, ‘Religion and Technology’, Professor Erna Oliver, who is Professor of Church History in the Department of Christian Spirituality, Church History, and Missiology at the University of South Africa, reviews the evolution of technology in the dissemination of religious ideas over many centuries. The chapter also discusses how technology has brought about revolutions in human self-understanding with major implications to religion.



Theatre

Technology is widely used in theatrical performances. Professor Thomas Luk Yun-tong, formerly of Hong Kong Chu Hai College, in Chapter 18, ‘Integration of Technology and the Theatre: a Hong Kong Case Study’, looks at the ways technology integrates into the theatres in Hong Kong and the changes it has resulted. A major observation that the author makes is that the incorporation of technology into the theatre is closely related to the political, cultural, and economic conditions of Hong Kong, which helps the city to maintain its cultural identity.



Theology

In Chapter 19, ‘Being Human in a Technology-Driven World: Checkmate or Opportunity for Social Responsibility?’, Professor Anita L. Cloete of Stellenbosch University in South Africa describes a vision of life that is increasingly altered by technology and compares it with the vision of Christian theology. This chapter considers the complex relationship between technology and being human from an especially Christian theological perspective. It concludes with some suggestions on theological and spiritual practices in everyday living.



Translation

The final chapter of this encyclopedia is on translation technology, which has been around for more than seven decades. In Chapter 20, ‘Translation and Technology’, Professor Zhang Xiaojun of Xi’an Jiaotong-Liverpool University in China first gives a review of computer-based translation systems and tools since the mid-20th century and discusses their positive and negative impact on the society. He then presents some future trends in translation technology in which AI-powered machine translation would play a prominent role in a likely transition from computer-assisted human translation to human-assisted computer translation.




Concluding Remarks

A common thread of all the chapters in this volume has been the profound impact of technology on various subjects in the humanities. We all know that the scope of humanities is immensely large and it is impossible for an encyclopedia of the present size to embrace even its essential areas. It is hoped that more topics could be included in an enlarged and updated edition in the future.
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Spatial Technologies in Archaeology

There is a vast literature describing the application of digital technologies and quantitative methods to the study and the investigation of archaeological data, in a multiscalar and multitemporal perspective (Daly and Evans 2004; Wheatley and Gillings 2002; Forte and Campana 2016). In this context, the past 20 years have marked an important turning point due to the dramatic advances that have been occurring in the field of computer graphics, where very sophisticated tools have enabled archaeologists to deal with spatial information in an innovative way.

Spatial data is a crucial component of archaeological investigations as the discipline typically deals with the study of the human past and the context in which such past human activity has taken place. It is therefore crucial for archaeologists to rely on analytical methods that consider the spatial dimension of the context under investigation. Back in the 1960s, statistical and inferential methods were introduced and adopted in connection with the development of the first computers and applied to the study of past human phenomena (settlement patterns, artifact distribution, etc.) and this has led to the introduction of the first database management systems that soon became a standard toolkit for handling archaeological field documentation. In this context, Geographical Information Systems (GISs) represented an important tool that was developed to locate and analyze archaeological data in a spatial perspective. Among the non-destructive prospecting techniques, several methods were introduced as early as the 1940s (Wynn 1986), and these included geophysical techniques, aerial photography, and satellite remote sensing, just to name some of the most widespread ones. It comes not as a surprise that an increasing interest has been devoted to a vast array of techniques that could have helped archaeologists detect new archaeological material, collect and store data in a more rigorous way, and made them available to an increasing number of stakeholders, including professional archaeologists, heritage management boards, museum curators, and of course, the general public. The purpose of this chapter is thus to provide an overview of the most widespread techniques and the more remarkable advances that have occurred in the field of archaeology. For the sake of brevity and clarity, this contribution will mainly focus on the practices of field documentation and landscape analysis, where multiple methods and techniques have been introduced and integrated during the past 40 years.

In the first part, field documentation methods will introduce the reader to a set of tools, devices, and software packages that have now become a common standard in archaeological practice, helping archaeologists keep track of all the stratigraphic unit information along with related artifacts/ecofacts. These instruments include measurement/positioning tools, such as total stations, Global Positioning Systems (GPSs), drawing tools for the documentation of the spatial entities recorded in the field, database management systems, archiving platforms, and Cloud-based devices for the dissemination and sharing of the collected data. On the other hand, the second part will be focused more on the application of tools in the analysis and interpretation of archaeological landscapes, with an introduction to the most advanced methods for non-destructing prospection of vast areas considered of archaeological interest. These instruments include geophysical prospection, satellite remote sensing, aerial photography, LiDAR sensors, and all those methods for acquiring data as three-dimensional objects, defined by independent x, y, z coordinates.



Field Archaeology

An interesting area of applications for digital methods is field archaeology, where an increasing number of techniques are being applied to generate a deeper insight into the stratigraphic sequence under scrutiny. When it comes to the documentation process, it is crucial for archaeologists to rely on a robust workflow for the collection and visualization of information that can eventually lead to a better interpretation of the material evidence. In terms of documentation strategies, stratigraphy poses significant challenges because of its very nature of being a four-dimensional entity, where layers correspond to chronological phases superimposed as a result of anthropic and natural events. Traditional drawing techniques often fail in their attempt to represent the verticality of the stratigraphic layers as well as the temporal dimension of the actions recorded in the sequence. This is why advanced methods of 3D data representations recently had an astonishing boost in the discipline, becoming in many countries a de facto standard for archaeological field documentation. Yet, the process of 3D data collection is far from being straightforward and requires a lot of training as the techniques in use must be handled by specialists who are aware of the settings and parameters to be employed during the different phases of data collection and post-processing. In general, it is pretty common nowadays to manage archaeological field data in a georeferenced space, and for this purpose, GISs have long been a standard for data documentation (whereas a significant community of practitioners still prefer using Computer Aided Drawing [CAD] programs) (Lieberwirth et al. 2015; Buna et al. 2014). It is clear then that geolocation is an essential attribute of any digital object/model made for representing archaeological information and the techniques in use for georeferencing are a primary component of an ideal workflow of field archaeology data documentation. In this context, two main categories of devices are in use among field archaeologists and these are respectively total stations and GPSs. Both of the techniques provide users with the possibility of defining the spatial location of an object according to a triplet of coordinates defined by a geographic coordinate system. Nevertheless, there are still substantial differences that characterize the use of these two categories of instruments, making it necessary for archaeologists to know the advantages and limitations of both. As will be described more thoroughly in the next paragraph, the total station typically reaches a high spatial accuracy, quantifiable in a few millimeters, which makes this instrument particularly suited for measuring object position on a large-scale map (i.e. when very small details on the ground must be represented). On the other hand, GPS is typically used for smaller-scale surveys and data collection, due to a coarser spatial accuracy, ranging from 1 to 3 cm. There is no unique solution when it comes to field surveying, but everything depends very much on the expectations and requirements of the surveyor in charge of the measurements (scale, accuracy, and precision, just to name a few parameters).



Total Station

Among the measuring tools gaining significant popularity through the years within the realm of field archaeological documentation, total station is worthy of mention as one of the first digital instruments to be introduced. This can be described as a theodolite integrated with an electronic distance measurement tool, enabling users to measure the horizontal and vertical angles as well as the slope distance. Such parameters are used to calculate, through triangulation operations, the distance and the x, y, z, location of any point in a Cartesian space, whose origin point is the location where the instrument has been placed. A major field of application for total station in archaeology is the documentation of the different phases of a trench excavation. Points and line vertices are recorded to keep track of different categories of datasets, including elevation points, trench, and context boundaries. Such a use is nowadays very widespread and is adopted both in research-based and commercial archaeology. The collected data are usually located according to a reference system that might be either local or geographical, depending on the purpose of the survey and/or the availability of geodetic points to be used as a reference for the system. In addition, total station has proved to be an important tool also for the mapping of microtopographic elements (Kvamme et al. 2006), or for the modeling of terrain topography (Colosi et al. 2001). More recently, total stations have been employed in support of image-based 3D modeling and for measuring the coordinate values of the ground control points placed to geolocate a 3D model. Such a procedure that has been broadly described (Dell’Unto and Landeschi 2022) allows archaeologists to import 3D boundary/surface models in GIS in a quicker and more accurate way. In terms of performances, robotic total stations can typically reach a very high spatial accuracy, between 0 and 1 cm, and that is why these instruments are particularly useful for surveying very large-scale contexts. Unlike GPS, TSs can be used indoors, and this makes them very well-suited for architectural surveys or for measuring ‘difficult’ archaeological spaces, including prehistoric caves or hypogean environments. It is crucial to bear in mind that both total stations and GPS are complementary tools that are essential to perform surveying operations in very diverse research contexts. In a recent project conducted in the urban area of Ermioni (Greece), total station was employed to measure ground control points in order to georeference the Digital Terrain Model (DTM) derived from Unmanned Aerial Systems (UAS) data acquisition. The instrument was used in combination with a Real-Time Kinematic (RTK) GPS and was particularly useful to obtain measurements within the city center of the historical town, where the narrow streets surrounded by buildings, prevented the GPS base and rover antennas from capturing a good signal (Landeschi et al. 2020; Figure 1.1).


[image: An exhibit depicts a surveyor looking through the eye piece of a robotic total station surveying tool on a construction site.]
Figure 1.1 Robotic total station in a field project. This instrument can be handled by a single surveyor.



GPS

GPS is now a very widely used instrument in landscape archaeology. Unlike the previously described tool, the total station, GPSs are very well-suited for surveying relatively large areas and portions of territories. A wide array of GPSs are nowadays available, and what is commonly used in landscape archaeology is the so-called differential GPS, a special instrument that enables users to gain a very high level of accuracy in the ground measurement, in the range of 2–3 cm. What is commonly termed as GPS is actually a system developed and owned by the U.S. government, whereas the acronym GNSS (Global Navigation Satellite System) better describes any type of radio-navigation based upon a satellite system. To date, there are four fully operational GNSS systems, and these include U.S. GPS, Russian GLONASS, European Galileo, and Chinese BeiDou.

Carrier-phase GPSs are mainly used in civil engineering and were introduced in archaeology only by the end of the 1990s, where it was mainly used for field surveying, helping out archaeologists to take measurements of field boundaries, elevation points, and recording of archaeological features detected during the field walking. Soon, it was clear that the use of differential GPS could be extended to the mapping of entire land portions in areas for which there was no cartographic information available, and this was possible due to the very characteristic of DGPS of measuring features in geographical coordinates with no need for any geodetic reference point, as it is the case with total station, for instance. In addition, more advanced devices, known as RTK, allow users to take real-time measurements that can be visualized in GIS while they are being acquired. Compared with total station, GPSs enable users to take point measurements in a quicker way and are particularly suited for mapping large portions of land. A further use of the GPS is to measure elevation points in order to generate a detailed microtopographic survey that can be eventually employed as a data source for a highly detailed DTM. More recently, the GPS has been employed for georeferencing 3D boundary/surface models that were eventually imported and analyzed in GIS. The workflow, as it has been carefully described (Dell’Unto and Landeschi 2022), starts from the placement of markers, or ground control points (GCPs) evenly distributed in the area of the acquisition. Markers are then measured and the collected x, y, z, coordinates are imported in a dedicated software that is used for creating the 3D model of the object under study and employed to georeference it. Strategies for the placement and the measurement of GCPs vary based on the scale of acquisition, complexity of the geometry being acquired, and other environmental factors that could affect the final quality of the georeferencing process. From a practical perspective, another advantage of using GPS is in that the instruments can be used by a single operator, reducing the cost of the survey, which can be an important consideration when it comes to commercial archaeology, for instance, where the budget issue must not be underestimated (Figure 1.2).


[image: An exhibit depicts an R T K G P S with a base station on a tripod mount and a rover antenna in a field.]
Figure 1.2 RTK GPS employed during an archaeological field survey.



Digital Drawing: CAD

Digital drawing is an essential part of archaeological documentation and nowadays any field project relies on instruments for graphically representing objects observed in the field by archaeologists. Among the different categories of products available for vector drawing, Computer Aided Design software is a very well-established tool for archaeological drawing and it is commonly employed both in commercial and research-based archaeology. To date, there are many products available both as an open-source/free software and proprietary ones. CAD provides archaeologists with efficient tools for rapidly drawing geometrical primitives, as points, lines, and polygons, to represent what can be observed in the field. A typical application of CAD drawing indeed is the trench excavation documentation, where the surveyor, after a consultation with his/her colleagues, sketches a preliminary draft of the context boundaries and then starts digitizing all of these interpretative sketches by using CAD tools. As a result, excavation plans and cross-section/profile drawing are obtained and usually made available as attachments to the final excavation reports, and then eventually published. This category of software is also particularly suited for architectural drawing, with CAD-generated plans connected to the documentation of complex historical buildings (……). With recent advances in terms of hardware and software performances, CAD software packages are often defined by a 3D extension, enabling users to effectively represent with vector 3D-enabled features. This is undoubtedly an advantage in terms of data visualization, and a valuable solution to the problem of representing elements of reality, such as artifacts, monuments, and landscape that are typically three-dimensional and require more advanced strategies of data representation to deal with the complexity of their geometry. Another way of deploying CAD in archaeological site documentation is to vectorize scanned drawings derived from previous documentation files, including scanned hand-made drawings or ortho-rectified photos of excavation trenches. Although nowadays many CAD programs can handle geographic coordinates, it is fair to say that this category of software was primary designed to manage locally referenced spatial information. This is because the main target users were single building or large-scale objects in general, with little attention to the spatial relationship between the surrounding landscape. For this reason, CAD software is not the ideal solution when it comes to management of archaeological data at the intra-site level. Another limitation connected to CAD products is caused by the lack of an effective geodatabase management structure, enabling users to add descriptive information in connection with the spatial objects graphically represented. In addition, CAD software does not provide tools for spatial analysis comparable to the ones available in most GIS products, making the latter a better performing instrument when it comes to the analysis of spatial entities and their inter-relations. Overall, CAD is still a valuable tool in landscape and field archaeology as it provides archaeologists with effective tools for making professional technical drawing of excavation plans, sections, profiles, and a detailed documentation of historical buildings and monuments as well, and, still today, it is a widely acknowledged instrument among specialists of archaeological documentation (Figure 1.3).


[image: An exhibit depicts the object and layout properties of an Auto C A D web application.]
Figure 1.3 Typical graphic interface of a CAD online viewing program.



Digital Drawing: GIS

Documentation drawing is an essential part of the hermeneutic process by which archaeologists can gain better insight into the complexity of a site stratigraphy and, depending on the quality of the final maps, different interpretations can be reached. GIS have now become an ubiquitous instrument for handling archaeological data, and there is virtually no site or landscape project nowadays that is not managed through a geodatabase management system (GDBMS), which typically stems at the core of any GIS. When it comes to drawing practice, GIS provides similar tools to the ones previously described and associated with CAD products. As it happens with the latter, also for GIS, today many solutions are available for the users, spanning from open-source to proprietary software packages, with QGIS/GRASS and ESRI ArcGIS among the most popular within the community of archaeologists. GIS have started to gain an increasing popularity as of the end of the 1980s (Allen and Zubrow 1990) to soon become a standard tool in the hand of field and landscape archaeologists. Interestingly, most of GIS can handle raster and vector data and allow users to easily produce complete map layouts in support of site documentation. There is a vast literature of GIS in archaeology (Wheatley and Gillings 2002; Chapman 2006; Connolly and Lake 2006) with detailed descriptions of characteristics of datasets, analytical tools, and archaeological case studies. As regards technical drawing, GIS is an invaluable tool for handling raster plans, sections from excavation trenches, or from surveys of historical buildings. In addition, most of current GIS products provide users with a wide array of vectorizing tools that can be used either to vectorize raster maps or to build from scratch an interpretative sketch of the observations made by the archaeologists in the field. Due to the very nature of GIS as a ‘geographical’ tool, all the features and datasets handled there are georeferenced, and, for this reason, each object is identified by its x, y (sometimes z) coordinates in a Cartesian space, where a map datum and a projection are defined. It is possible then to put in relation plans, contexts, features, and even single artifacts can be placed in their original position within the excavation area. Most importantly, in GIS, the spatial relationship between mapped entities and surrounding landscape is kept consistently: there are usually base map layers that are nowadays offered to the users in order to accurately adjust the position of the survey data by taking advantage of satellite/cartographic information combined with a global DTM coverage that guarantees a good reliability in terms of elevation values. Another crucial aspect of GIS-based drawings is the possibility of associating spatial information with database entries, where descriptive fields provide details about the in-field observations made by the surveyors. Database structure could differ very much, depending on the purpose of the project, the software employed, and other factors affecting the choices of archaeologists. Database management systems associated with GIS are typically defined with the acronym GDBMS, and it is now very common for local authorities, single archaeological units, and cultural resource managers to develop from scratch or at least to customize existing solutions that better fit the needs of their own job. No matter which solutions are employed, database entries associated with graphic documentation must fulfill minimal requirements in terms of data description: if one takes context drawing for instance, each stratigraphic unit needs to be described according to some shared rules: date of acquisition, location, ID code, neighboring contexts, physical relationships, and so on. GDBMS can allow users not just to store information but also to make the retrieval process easier and efficient, which is an essential prerequisite for any analytical query aimed at creating new interpretative information (Figure 1.4).


[image: An exhibit depicts a graphic interface with a G I S Pro scene with various functionalities.]
Figure 1.4 GIS user interface with full-3D functionalities enabled. Vector drawing is done with a 3D surface model as a geometrical reference.



Terrestrial Laser Scanner (TLS) and Handheld Laser Scanner

Laser scanning techniques were introduced in archaeology around the mid-1990s to support artifact or ecofact virtual reconstruction, although the number of applications was very much limited to a small group of research centers with high specialization in IT and computer graphics (Suzuki et al. 1997; Zheng et al. 1998). It is only during the 2000s that a massive use of laser scanning was introduced with data acquisitions extended to complex archaeological buildings and landscapes (Barber et al. 2003; Balzani et al. 2004; Vozikis et al. 2004). In field archaeology, it soon became clear that TLS could have been employed to provide an accurate documentation of the different phases of a trench stratigraphic excavation and to allow archaeologists the detection of microtopographic features otherwise not visible on the excavation surface (Doneus and Neubauer 2005). Such an attempt represented a crucial advance in the practice of archaeological documentation, as it proved the possibility of obtaining accurate surface depictions by using a semi-automatic method that was much more effective compared with the total station, for which the acquisition of one single point would have typically required more time and efforts. Indeed, it is possible with TLS to obtain a 1-million point cloud that can be eventually meshed and textured to obtain an accurate 3D boundary/surface model of any object that might be of archaeological interest. Despite the high degree of performance, TLS requires a relatively long time of data post-processing that prevents these instruments to be deployed ‘at trowel’s edge’ in the excavation area, where archaeologists need to have an updated documentation of the trench, while contexts are being removed and replaced by new layers brought to light that in turn require to be digitally recorded and documented. This is why nowadays image-based 3D modeling is considered a more effective method when it comes to the documentation of an ongoing stratigraphic excavation. Nevertheless, TLS remains an invaluable tool for the documentation of more ‘difficult’ environments, including prehistoric caves (Landeschi et al. 2019), or any other building in which light conditions are not optimal. Another important application for TLS is represented by the architectural survey of historical buildings and monuments, where TLS provides optimal results, for it is an ideal instrument to cope with relatively large areas characterized by many blind corners that would require more effort if captured using cameras and processed using IBM3D techniques. Another category of scanning tools is represented by structured light 3D scanners, where projected light patterns are generated by the device and directed onto the object to be acquired with a camera capturing the distorted images and sending them back to the processing unit that can derive 3D points for each portion of the target surface. Such scanners are particularly suited for small/medium size object acquisitions, and, for this reason, in-field archaeology can be very useful for the recording of single finds (McPherron et al. 2009; Figure 1.5).


[image: An exhibit depicts a laser scanner mounted on a tripod stand amid a field.]
Figure 1.5 Terrestrial laser scanner is a very flexible instrument that is very well-suited for acquisitions performed in ‘difficult’ environments, where visibility conditions are not optimal.



IB3DM

Image-based 3D modeling (IB3DM) is a relatively new technique that has been introduced in archaeology for the purpose of making the process of 3D data acquisition quicker and more efficient compared with more traditional techniques based on active sensors (laser scanners, see previous section). Such technique is also defined as computer vision (Brutto and Meli 2012) or digital photogrammetry (Kersten 2007; Fioretti et al. 2020), and it is usually based on the application of two main algorithms, structure-from-motion and dense-stereo matching, that enable users to derive from a set of overlapping pictures a three-dimensional point cloud. This one can be further modeled, transformed into a 3D mesh, and eventually textured with color information derived by the same pictures used to perform the acquisition. IB3DM techniques marked an important advance in archaeological practice, making the whole process of 3D data acquisition significantly smoother and more flexible than it was years ago. To make a decent 3D boundary/surface model, it is sufficient using a regular digital camera and a dedicated software for data post-processing. As it happens for other fields of application, IB3DM can also be performed using different software packages, with only a few of these enabling the full functionalities that allow users to export the model with geographical coordinate information. Such a feature is particularly important for archaeologists who want to generate a 3D model that can be imported in GIS and to put it in the right spatial relationship with other digital representations of the study area. When it comes to field documentation, IB3DM techniques have now become a widely used instrument by practitioners to support technical drawing. Photogrammetric models are often employed to derive very accurate orthophoto plans that can in turn provide the geometrical reference to trace any line corresponding to the features that were visible in the excavation area. Nonetheless, the full potential of employing these techniques is given by the possibility of making accurate 3D models and, therefore, to provide three-dimensional information about the context being investigated, which is something that is missing in traditional archaeological drawing. It is possible, for instance, to derive an accurate DTM for the whole trench or each single excavation unit, providing archaeologists with an accurate representation of the surface being excavated. The 3D models can also be produced to describe the volume contained by each single unit and, therefore, to provide quantitative information about the amount of space occupied by the different units, which could lead to more accurate interpretations about the spatial relationships between contexts. The 3D models can also be used as a geometrical reference to make a vector 3D drawing, where points, lines, and polygon features can be represented based on full three dimensions, having their vertices enabled with x, y, z coordinate descriptions (Dell’Unto and Landeschi 2022). As regards the temporality of the excavation process, IB3DM techniques allow archaeologists to represent different chronological phases in the right spatial relation and to provide a diachronic account of the natural and human-made actions that formed the archaeological deposit (Figure 1.6).


[image: An exhibit depicts multi - monitor setup with 3 D modeling applications, and reference images on different screens.]
Figure 1.6 Image-based 3D modeling requires a dedicated software to be performed and good performing computational platforms.



Landscape Archaeology: Prospecting Techniques

In landscape archaeology, there are several methods that can be applied to detect archaeological features, keep track of changes taking place in the paleo-environment or simple-to-examine relationships among settlements in a more comprehensive way. Such methods are typically defined as non-destructive or non-invasive because of their capability of collecting information about portions of land without any intrusive action that could threaten the physical integrity of the archaeological deposits under scrutiny. There are two main categories of techniques that include ground- and air-based methods and these span from geophysical prospections to LiDAR sensing technology. Recently, the dramatic boost in terms of hardware and software performance led an increasing number of archaeologists to approach these methods and there is already a vast literature describing important results obtained through an integrated use of these techniques. For the sake of brevity, the focus here is only on four categories of sensors and sensing devices and these include: geophysical prospections, satellite remote sensing, aerial photography, and LiDAR. A more comprehensive discourse should encompass a broader range of techniques that have significantly contributed to achievements that would have never been obtained by employing more traditional approaches. Such techniques include those prospecting methods applicable in underwater contexts (SONAR single/multi-beam data) or others that are targeted at more specific research environments, such as the SAR RADAR sensors, that are very useful for investigating tropical forest lands, desert areas, or Mediterranean climate environments (Chen et al. 2017).



Geophysical Prospection

Geophysics has introduced one of the first non-destructive prospecting techniques in archaeology. First applications and case studies date back to the 1960s (Gaskell 1961; Linington 1963), when the debate of scientific methods in archaeology was raised in the realm of what was termed the ‘New archaeology’ movement. The most obvious advantage of such methods for archaeologists is the possibility of investigating and gathering new information about sub-surface deposits with the possibility of identifying archaeological material based on the electrical and geomagnetic characteristics of the soils. Geophysics includes an array of methods and techniques, such as magnetometry, electrical resistivity, and ground-penetrating radar, just to name the most widespread ones within the discipline. In terms of scale of acquisition, geophysical prospections are typically carried out directly on the ground surface of the study area, making the process particularly time-demanding compared with other prospecting techniques (satellite remote sensing or aerial photography, for instance). Nevertheless, there are many case studies that prove how geophysical prospections are very flexible methods that can be adapted to different scales of investigation, spanning from a single monument/site to an entire landscape. Recent research conducted in the Roman town of Falerii Novi demonstrates the potential of employing ground-penetrating radar (GPR) for extensively investigating an entirely buried urban context, providing archaeologists with the possibility of mapping an entire city and identifying even single architectural elements that are usually only detectable through excavation (Verdonck et al. 2020). In a similar way, but in a completely different research context, the Iron Age settlement of Uppåkra in Scandinavia, GPR prospections allowed archaeologists to identify buried features corresponding to burial mounds at a very high level of resolution (Larsson et al. 2015), making it possible to conduct a targeted excavation aimed at ground-truthing the identified anomaly. Magnetometer has been also widely used in landscape archaeology and its use has led archaeologists to the systematic investigation of entire settlements and ancient cities in very diverse geographical areas, from the Middle-East to the Arctic regions (Gaffney 2008; Hodgetts et al. 2011). Another category of methods widely employed in archaeology is represented by electrical resistivity tomography, that has also been conducted to detect near-surface anomalies in indoor contexts, such as medieval churches (Tsokas et al. 2008). Whichever method of geophysical prospection is used, it is important to bear in mind that instruments and software for data post-processing can be quite expensive and the results obtained require the well-trained eye of the geophysicist or the geoarchaeologist to recognize the most plausible anomalies. As a further step in the ideal workflow of data identification, archaeologists must go into the field and ground truth the anomalies in order to ascertain where these actually correspond to archaeological features. Data derived from geophysical prospections come in different formats and can be processed through a wide array of software programs. A typical way of visualizing data from GPR, for instance, is represented by time slices, series of overlapping raster images corresponding to the different vertical intervals of data acquisition. By using dedicated software, it is possible to interpolate these datasets and obtain a 3D volumetric model that can better help specialists in defining the geometry of the anomalies identified during the investigation (Dell’Unto and Landeschi 2022; Figure 1.7).


[image: An exhibit depicts a G P R system comprising an antenna and a receiver in a field.]
Figure 1.7 Ground-penetrating radar (GPR) employed in a field project.



Satellite Remote Sensing

There is a vast literature describing the application of satellite remote sensing in archaeology (Campana and Forte 2006; Parcak 2006; Lasaponara and Masini 2012), with case studies focused on very diverse geographical areas and chronological contexts. Satellite remote sensing is based on sensors capable of capturing radiating energy at different wavelengths in the electromagnetic spectrum and transforming such energy into information about the physical and chemical characteristics of the portion of Earth’s surface being investigated. Some of the first attempts of employing satellite multispectral images for archaeological purposes dated back to the 1970s, with the introduction of the first satellite missions by the NASA and the launch of the Landsat program (Giardino 2012). From the very beginning, the impact this category of remote sensing would have had on the discipline has been clear, allowing archaeologists to monitor vast portions of land with the possibility of detecting a significant number of ground anomalies. Due to the limited spatial resolution of the first multispectral images, at that time, most of the attention was on the detection of paleoenvironmental elements or small-scale field systems (Rainey et al. 1976), making possible for archaeologists to gain a better interpretation of the use and the exploitation of a landscape in prehistoric and historical times. From a logistic perspective, satellite remote sensing is an invaluable tool for investigating what we could term as ‘difficult’ landscape. In archaeological practice, there are indeed many geographical areas with very limited accessibility, due to environmental or administrative/political factors. A very clear example is represented by the investigation and detection of Mayan cities in Central America, where the presence of a vast and dense rainforest makes it virtually impossible to conduct field-based research in a traditional way (Saturno et al. 2007). Another problem is represented by areas of conflicts and war, where archaeological ground-based investigation cannot be undertaken or if carried out, it is only after the heritage sites have been damaged and looted. As Campana et al. demonstrate (2022), remote sensing provided an important contribution for making the assessment of the war damages in the ancient city of Niniveh, after the threats and destructions posed by the ISIS’ occupation. Recently, in the frame of the EAMENA project for the preservation of endangered heritage sites, an open-access database was created with the purpose of enabling archaeologists and specialists in cultural heritage access and helping them visualize satellite imagery belonging to regions in the Middle-East and North Africa, affected by war and looting phenomena (Bewley et al. 2016). In brief, satellite multispectral images in the last 20 years have had a major impact on landscape archaeology, and nowadays, there is a shared consensus about the significance of such datasets for the investigation of sites from a multiscale and multitemporal perspective. A real game changer in this context has been the introduction of high-resolution sensors, capable of producing images with a spatial resolution of up to 30 cm. This marked a dramatic advance in landscape archaeology, allowing archaeologists to take advantage of multispectral information for investigating single monuments or single sites in a way that was unimaginable at the beginning of the satellite remote sensing era. As it happens with geophysical prospecting techniques, an important aspect to bear in mind with satellite imagery interpretation is the importance of conducting some ground-truthing in order to check the actual presence of archaeological material and thus to prove the level of performance of the sensor employed in the investigation (Figure 1.8).


[image: An exhibit depicts a Landsat multispectral interface with an archaeological landscape.]
Figure 1.8. Landsat multispectral images can be accessed and downloaded for free and these represent a very useful source for the study of archaeological landscapes.



Aerial Photography and UAS

Aerial photography is undoubtedly the first non-destructive method of prospection to be introduced in archaeology. It is fair to say that the first use of aerial photography for archaeological purposes dates back to the first flight experiments, and it is now more than 100 years since one of the first air photographs of an archaeological site, Stonehenge, was taken (Bewley 2003). As it happens for many technological advances in archaeology, the use of air photography was first introduced as a method of reconnaissance to be employed by armies for strategic reasons. During WWII, many aerial photographs were taken by different national air forces with the purpose of mapping vast portions of land, especially those considered to be of strategic value, such as urban areas, harbors, or industrial areas and different types of infrastructure. Such photographs are nowadays preserved in dedicated repositories and constitute an invaluable source of information about the landscape and the transformations that occurred in the past few decades. From an archaeological perspective, it is possible to use these legacy data to observe portions of land that are nowadays completely erased due to dramatic urbanization processes and where it is possible to identify and locate archaeological features that are no longer visible. With regard to the development of aerial archaeology as a branch of landscape archaeology, it is interesting to note that this development was made possible by the introduction of well-established workflows for the acquisition, the processing of aerial photographs, and the definition of different categories of ground anomalies identifiable on a land surface (Musson et al. 2013). When it comes to the strategies for data acquisition, there are usually two main categories of aerial photographs, vertical and oblique photos. The first category includes all the photographs taken by special cameras mounted on an aircraft and capable of capturing a portion of land from an orthogonal perspective. The second category includes all those photographs acquired from a random oblique perspective and taken by a surveyor operating from an aircraft, handling a camera and keeping a variable inclination over the target portion of land surface. Whereas the first category of photographs is particularly suited for mapping purposes and for deriving a thematic cartography, the latter is very well-suited for archaeological reconnaissance purposes. Depending on the angle of inclination and the direction of sunlight, it is possible to enhance all the small discontinuities in land topography and to better detect any ground anomaly that might constitute a trace of past human activity. When it comes to the definition of ground anomalies, there are several categories that characterize the formation process and the visibility of these traces on the land surface. Just to name a few ground anomalies, crop marks, soil marks, and earthworks are some types of ground anomalies commonly detectable during an aerial survey. To make the detection of such anomalies possible, there must be some sort of discontinuity, such as changes in the soil composition, vegetation growth, or terrain topography. As regards the instruments and the platforms employed for surveying, small aircraft were considered the golden standard until the first UAS were introduced in landscape archaeology (Figure 1.9).


[image: An exhibit depicts an open - air drone exploring a landscape.]
Figure 1.9 Unmanned Aerial System (UAS) employed for making a DTM of a study area.



LiDAR

LiDAR is one of the most recent technologies to be introduced into landscape archaeology and undoubtedly the one that has a major impact on site detection, especially on areas covered by dense forest land. The acronym LiDAR stands for light detection and ranging, and this sensor is characterized by a laser beam projected onto a target surface with its returning time measured by a receiver, making it possible to calculate the distance from the sensor and, therefore, to derive the 3D coordinate values of each measured point. Thanks to specific filtering algorithms, the derived point cloud can be classified according to their position on the land surface: it is possible then to differentiate, for example, points belonging to the ground from points belonging to vegetation elements. Such a feature made LiDAR the optimal solution for the investigation of areas covered by dense vegetation and for the detection of ground anomalies that would never be detectable by employing other sources, for instance, such as satellite multispectral images. LiDAR has proven to be a real game changer in many different research scenarios, from the tropical environment of Central America to the forests of Northern Europe. The systematic investigation of the Mayan site of Caracol in Belize, is worth mentioning because airborne LiDAR allowed archaeologists to detect and map entire portions of the ancient city in its complexity, including structures, causeways, and agricultural terraces (Chase et al. 2011). In a similar way, but in a completely different context, such technology has allowed archaeologists to revisit the archaeological landscape around Stonehenge in southern England and to map a significant amount of features, including field systems, burial mounds, and paleo-rivers in a way that has not been possible through the sole analysis of aerial photographs (Bewley et al. 2005). Whereas the standard procedure for data acquisition relies on the use of aircraft (either small planes or helicopters), more recently, a new generation of drones with LiDAR sensors has been designed, leading to a dramatic improvement in the point density of the surface being acquired and to the availability of much lower-cost solutions for a single data acquisition that was traditionally bounded to a professional commissioned flight conducted with an aircraft (Casana et al. 2021). In terms of data output, the point cloud generated through the LiDAR acquisition is typically filtered so as to derive only those points classified as ‘terrain’ and these are eventually used to generate a DTM, which usually comes in a raster grid where each cell corresponds to an elevation value. DTMs can be processed and transformed into derivative thematic maps where ground anomalies can be enhanced through the application of dedicated algorithms. An interesting application for the study of recursive ground anomalies, typically spread over a vast portion of landscape, is a combination of LiDAR-derived raster images and Artificial Intelligence for the semi-automatic extraction of features corresponding to the ones identified in a training dataset that have the potential of helping out archaeologists in detecting a great amount of archaeological features in a faster and more efficient way (Küçükdemirci et al. 2022; Figure 1.10).


[image: An exhibit depicts Li D A R - derived D T M multispectral interface with a forest landscape.]
Figure 1.10 LiDAR-derived DTM with slope enhanced and employed for the detection of archaeological features in forest land.



Data Processing, Analysis, Visualization

Recent technological advances in the field of archaeology have led to new openings both in field and landscape archaeology. As a consequence, great quantities of data are now being produced on a daily basis and such datasets often require new strategies in terms of data storage and data processing. Datasets come in many different formats and the role of metadata and paradata have been becoming increasingly important for the definition of the characteristics and the processes behind the production of a single dataset. As of 2016, so-called FAIR data initiative started as a bottom-up project with the aim of defining guiding principles for making digital data Findable, Accessible, Interoperable, Reusable, as the acronym indicates (go-fair.org 2016). Such an initiative represents an important step toward the definition of a standard for the presentation and sharing of data that are produced as a result of different methods of acquisition. All of the techniques and methods described in this chapter require dedicated software for their processing, archival space for the storage of the produced datasets, and, most importantly, specific solutions for making these datasets really ‘open’.



Conclusions

Spatial technologies have had a great impact on archaeology in the past 50 years, have been characterized by continuous developments, thanks to the improvement of hardware and software performances that have made it possible to rely on more sophisticated materials, including high-resolution sensors, high-performing processors, and graphic cards. In this chapter, the attention has been on two main categories of technologies: those mainly employed in field archaeology and typically used in single-site contexts and the others more applicable to landscape archaeology. Site documentation being an essential component of many field projects, the main focus in this first part has been on measuring instruments, such as total station and differential GPS. As for the drawing tools, CAD and GIS solutions were presented as integral tools employed in many field projects. Concerning more advanced techniques for graphic documentation, 3D-based acquiring instruments were presented, and these include TLS and image-based 3D modeling. In the second part of the chapter, the technologies that have a greater impact on landscape archaeology were illustrated, with aerial photography having been presented as the first non-destructive prospecting technique used in the discipline. Then, geophysics was introduced as a ground-based form of prospection nowadays very widespread in many diverse research scenarios. Satellite remote sensing and LiDAR sensors are eventually described to further demonstrate the opportunities given by aerial points of views over archaeological landscapes by relying respectively on information outside the spectrum of visible light and on laser-derived data capable of enhancing the terrain topography. As for the future, a very promising research area is aerial archaeology, where UASS carrying very different types of sensors can dramatically improve the quality of site and landscape mapping, with the possibility of defining innovative workflows for the detection of archaeological features at a scale of resolution that has not even been imaginable only ten years ago. Analogously, Artificial Intelligence represents another important point in the research agenda of digital archaeologists and the increasing amount of digitized information and open-access web-based repositories provide the ideal ground for obtaining valuable information to be used for feeding machine learning networks.
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A Critical Pedagogy for Architectural Technology

Since the Industrial Revolution, there has been a continual and exponential increase in scientific and technological advances which, in turn, have had a considerable impact on how architecture can be conceived and engineered. And although knowledge of these advances has been available to specialists in publications dedicated to their fields, it has not necessarily been absorbed into publications for designers (and specifically for architects) in such a way that it might be readily digested; there has been a lack of clarity and uniformity in the way that it has been described and presented. As in other fields, the organisation and presentation of information are critical to an understanding of the subject, and this understanding – that is, in turn, critical to how architects think about design in relation to science and technology – has been missing. The authors have therefore set about compiling a new knowledge database and introducing a critical pedagogy for the teaching, learning, and assessment of architectural technology at their university.



A New Knowledge Database

Underpinning the teaching programme designed by the authors was the compilation and publication of Introduction to Architectural Technology. First published in 2008, the aim of this textbook, now about to be published in its third edition, is to introduce students to the scope of the relationship between design and technology, with the specific intention of enabling them to integrate their design thinking with appropriate structural and environmental solutions. The book sets out to explain the relationships between physical phenomena, materials, building elements, and structural types, using simple classification systems and real-world examples. Photographic images are used to familiarise the user with common construction technologies, while historical examples are employed to chart significant moments in the history of architectural engineering.

This latter inclusion was key to the authors’ pedagogic principle that technical innovation cannot be divorced from the culture and personalities of those involved. Introduction to Architectural Technology therefore included a series of 25 case studies charting chronologically the evolution of material, structural, and environmental advances from mud huts, teepees, and igloos through to the International Space Station. Examples that the authors cited also included the great Obelisk builders of Ancient Egypt, the dynastic Scottish lighthouse builders – the Lighthouse Stephensons, and many post-Industrial Revolution practitioners. This critical pedagogic principle was continued in Silver and McLean’s next publication, Structural Engineering for Architects, co-authored with the engineer Peter Evans. This publication, while explaining the theory and practice of structural engineering on a step-by-step basis, included a further 30 case studies, categorised according to specific historical periods: 1850–1949, 1950–1999, and 2000–2010.



The Undergraduate Technology Programme

The following pages chart the specific modules designed and developed by the authors for the teaching and learning of architectural technology at the University of Westminster. Teaching is based around a range of lecture series appropriate to the year of study (Figure 2.1). Examples of the product of the authors’ critical pedagogic approach are supplied.


[image: An exhibit depicts series of cover images of Sophie Hicks recent projects, Andrew Waugh's building with C L T, and many other on the technical weblog.]
Figure 2.1 Samples from the visiting lecturer series at the School of Architecture, University of Westminster.

Note: The delivery of lectures by contemporary protagonists is considered by the authors to be inherent to their critical pedagogy: practitioners are invited to contribute to all technical courses in support of the programmes designed by the authors.



First-Year Undergraduate Technical Studies: Part 1 – Observational Exercises

The first-year technical courses are designed to introduce students to structural and environmental principles, with the aim of establishing materials technology, construction processes, and building physics as integral to architectural design thinking (Figure 2.2). Students are assessed through assignments that require them to demonstrate their awareness of essential structural principles. For their first assignment, students select an existing large-span structure (such as a train station, sports hall, glass house, or stadium) and make in-situ, annotated sketches in order to represent its overall structural composition, its principle structural elements, and how these functioned to resist loads (i.e. primarily in tension or compression). Students are encouraged to consider drawing structures as if they were producing a life drawing, on the assumption that structural form is best understood by studying and observing it with the same intensity and attention to detail as if sketching a bowl of fruit, a body, or a face. Students are also obliged to annotate their sketches as the lecture series progresses and they are able to identify the material composition, construction elements and general typology of the structures that they are observing (Figures 2.3 and 2.4).


[image: An exhibit depicts cover pages of technical lectures on structure and form, climate and shelter and material technology on the in - house lecture portal.]
Figure 2.2 Technical lectures for first-year undergraduate students at the School of Architecture, University of Westminster.


[image: An exhibit depicts an arched framework of the exterior of a building with multiple hinges.]
Figure 2.3 Observational sketch: Andrzez Kostrzewa.


[image: An exhibit depicts a cable stay bridge with steel rods, steel bracing, and load path.]
Figure 2.4 Observational sketches: NG Sear Nee.



First-Year Undergraduate Technical Studies: Part 2 – 1:1 Workshop Projects

The second semester technical assignments for first-year students at the University of Westminster, School of Architecture are planned as workshop projects. The aim is to develop an understanding of structural design through a hands-on exercise that involves the students in exploring the properties and characteristics of materials and learning to use the workshop and fabrication technologies available to them on campus. To this end, students are challenged to solve straightforward structural problems. They are asked to work jointly in pairs or small groups, and each year at a ‘show-and-tell’ event every project is presented, load-tested, and analysed. Again, critically, at this 1:1 scale, the personality of each student is integral to the project: as external examiner Alex de Rijke comments:

University of Westminster School of Architecture tutors Pete Silver and Will Mclean espouse the principle of ‘learning by doing’ by challenging incoming students to dare to design and empirically test their own prototypes. Between the lines of the deceptively simple briefs are invaluable lessons waiting to test the unsuspecting. The challenge is not only to design, as students do within a computer generated project. It is to collaborate, to communicate, to persuade, to make and perhaps to fail. Above all the challenge is to think and to be critical.

My favourites here are the students who eschew expensive materials in favour of using almost nothing of value except imagination; foam with pins supporting plate glass, matchstick tower supporting brick, helium balloons as skyhook, paper dinosaur as cantilever etc. Or the projects where students are clearly and justifiably nervous; they know they are either near the loadbearing limit, or that their project may not be as great as they thought before they saw everyone else’s’.

These projects demonstrate that it makes no difference how well off you are, of which sex, age or colour. These projects, a paradigm for the principles of architecture and engineering design, reveal the only thing that counts is brains and hands. In the fresh student faces, standing on or beside their first constructions, it’s good to see Polytechnic origins extended to a 21C appreciation, if not yet the full understanding of structure, materials and construction. In their tense expression of fear, pride or release one can see emerging a lifelong relation to ideas, teamwork, invention, experiment and fabrication, and the relative parameters of success and failure.

Above all here is evidence, presented light heartedly, but actually revealing that an important academic journey has been kick-started; curiosity has begun.






The Projects

As well as meeting the criteria described in the general brief, each piece is evaluated according to its structural logic, its lightness and efficiency, the innovative use of materials, craftsmanship, and detail. Past projects have been included (Figure 2.5, Figure 2.6, Figure 2.7, Figure 2.8, Figure 2.9):


[image: An exhibit depicts a woman standing on a glass floor few millimeters above the ground.]
Figure 2.5 Glass floor.


[image: An exhibit depicts an undulating column that holds a brick in the air.]
Figure 2.6 Brick plinth.


[image: An exhibit depicts a beam anchored at one end, and the free ends have an apple at a height and distance within few millimeters.]
Figure 2.7 Apple cantilever.


[image: An exhibit depicts an open - web truss with a centrally positioned load.]
Figure 2.8 Open-web truss.


[image: An exhibit depicts a hat stand with four hangers spaced apart.]
Figure 2.9 Hat stand.


	a glass floor that can support your own weight 200 mm above the ground;

	a column that can support a brick 1 m in the air;

	a structure that can cantilever an apple at a height and distance of 400 mm;

	an open-web truss that has a span-to-depth ration of 3:1 (1500 mm × 500 mm) and that can support a centrally positioned load of 20 kg;

	a hat stand.




Second-Year Undergraduate Technical Studies: Structural Design

During the second year of their studies, students embark upon a Technical Studies module whose primary aim is to improve their understanding of construction techniques and processes. The module title is ‘Making Architecture’ and students receive lectures from architectural and engineering practitioners discussing a wide range of projects and how these come to fruition – from inception to realisation.

For their coursework assignments, the Technical Studies team set discreet projects that challenge the students to design a small (and critically human-) scale structure. Though not site-specific, the structure has to meet certain criteria (e.g. lightness and efficiency) and has to be detailed such that the students produce assembly drawings with all of the key construction materials, principal elements, and connection details specified.

In addition to producing a comprehensive set of working drawings, students are also asked to build a scale model – normally at between 1:10 and 1:20.

Three historical projects illustrate the product of this pedagogic approach: the first was to design a 10-metre pedestrian bridge; the second, to produce a lookout platform (known as ‘the Baywatch project’), and the third was to create a bandstand – an outdoor auditorium with a footprint of approx. 25-sq. metres (Figure 2.10, Figure 2.11, Figure 2.12).


[image: An exhibit depicts a miniature model of pedestrian bridge comprising a network of cables and struts.]
Figure 2.10 A 10-metre pedestrian bridge: tensegrity structure: scale model.


[image: An exhibit depicts a human model sitting atop an elevated structure on a beach having an unimpeded view of the beach area.]
Figure 2.11 Baywatch project: render: Matteo Rossetti.


[image: An exhibit depicts a miniature model of an elevated platform with an open - sided canopy, capturing the shape and arrangement of a structure.]
Figure 2.12 Bandstand: scale model.



Third-Year Undergraduate Technical Studies: Environmental Design

During the final year of their degree, students embark upon a Technical Studies module whose primary aim is to improve their understanding of human comfort – of buildings as climatic enclosures / ‘envelopes’. Students receive lectures from visiting architectural practitioners and environmental engineers on projects that covered a wide range of both active and passive environmental design strategies.

For their coursework, the Technical Studies team set a discreet exercise that challenges the students to design a façade as a dynamic, environmental interface. The façade, though not site-specific, was likened to infilling a typical railway arch, where a set of particular environmental conditions had to be considered:


	the façade is South-facing in the Northern hemisphere (or vice versa);

	there is a considerable diurnal temperature change – hot days, cold nights;

	behind the façade, there is a bar/café that requires good natural light and ventilation.



The project therefore requires students to consider that the façade might need to be dynamic – may need to change in response to the changing environmental conditions. Alvin Boyarski, when Chairman of the Architectural Association used to say, “give an AA student a mews house in Camden Town to design and they’ll end up re-working a large slice of North London…”. And so too, with many students’ approach to this exercise: some simply cannot resist designing a café; others just invent their own programme and design pavilions, greenhouses or entirely new, modular façade systems (Figure 12.13, Figure 12.14, Figure 12.15).


[image: An exhibit depicts designs of a side folded and front folded facade.]
[image: An exhibit depicts designs of a  front unfolded facade.]
Figure 2.13 (a) and (b) Façade project: Amer Aldour: origami facade.


[image: An exhibit depicts design sunlight reflecting shells, aluminium sheets, and plastic clay architecture.]
Figure 12.14 (a) and (b) Façade project: Harish Persad: memory metal skin.


[image: An exhibit depicts various models of hydroponic facades with plants.]
[image: An exhibit depicts various models of hydroponic façade.]
Figure 12.15 (a) and (b) Façade project: Christos Kakouros: hydroponic façade.




Conclusion

Evidence for the success of the pedagogic approach described here may be found in the work of the students.

When encouraged at the outset of their architectural education to produce ‘life drawings’ of structural form, students develop an appreciation for the built environment akin to that of the human form. This is evidenced by the quality and attention to detail in the sketches. Similarly, when asked to design a 1:1 construct to solve a straightforward structural problem – to resist loads and gravity – students, through prototyping and failure, develop an understanding of the properties of materials and how structures resist forces in tension and compression.

Using appropriate materials and understanding how to fabricate and assemble components is further developed in the second-year projects. Here the underlying form of a small, human-scale structure becomes the basis for its design, emphasising the symbiotic relationship between design and technology in the built environment. It is often the first time that students are asked to produce measured, scaled drawings: techniques that enhance their confidence in the ‘buildability’ of their projects. This also helps to demystify the technical drawing, so that in their third-year projects, students are able to employ detailed ‘working’ drawings to illustrate complex and often dynamic constructs.
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Introduction

Over the past decades, the emergence of digital technology has substantially transformed learning in art museums through the development of a hybrid form of engagement and learning opportunities. According to Anderson (2018), “the use of new technologies within these processes is increasingly important for reconceptualising museum visitors and audiences, particularly as media becomes more firmly woven into people’s lives and museum experiences” (p. 81). On-site museum learning experiences are enlivened by a variety of digital tools and interactive devices. Visitors are encouraged to take up the role of active participants/co-producers and engage in multimodal experiences from playful interactive engagement to personalized choice of activities (Løvlie & Waern, 2022). Art museums have also moved beyond the physical learning site to promote their educational goals in the virtual domain through digital collections, online open resources, and virtual exhibitions and tours. In this chapter, we provide an overview of the use of virtual technology and online resources that is helping transcend the learning experience within and beyond the physical space of museums. In the first section, we discuss the major transformation of museum education triggered by the digital revolution and the impact of COVID-19 that led to the changing educational landscape of museum education. The second and third sections provide an overview of the virtual and digital technological applications contributing to museum learning in the physical and digital realms of museums. The last section includes a review of relevant studies, initiatives, and projects enriching the contextual understanding of the latest developments in museum learning.



The Changing Educational Landscape of Museum Education


Major Transformations of Museum Education in Relation to the Advance of Digital Technology

Tracing back to the history of museum development, museums as public entities have inherently acted as educational institutions since the early 19th century. Hein (1998, p. 3) states that “education as a crucial museum function has been recognized as long as there have been public museums”. The development of progressive education, social movements, and child psychology in the late 19th century gave rise to the specialization of museum education in the 20th century (Hein, 2006). Following this trajectory, Ruttkay and Bénysei (2018) noted the witnessing of a revivification of museums through the digital era, stating that “the emergence of new digital technologies opens entirely new, almost ‘magic’ means for interpretation and outreach” (p. 102). Institutionalized art museums have traditionally focused on collecting, preserving, and displaying arts for one-way transmission of encyclopedic knowledge to the public. Over the past decades, however, museological practice has been evolving with an “educational turn” (O’Neill & Wilson, 2010, p. 12). Education has become the primary mission of contemporary art museums, shifting their foci from tangible collections to visitor experience. In devising ways to embrace an audience-centered encounter, community participation, visitor engagement, and a multisensory experience have been prioritized as a central educational theme. Today, museums are repositioning themselves as platforms for experience co-creation, engagement, and open dialogue, espousing the notion of being “multi-voiced, story-oriented, [and] open for provocation and reflection” (Løvlie & Waern, 2022, p. 20). Digital and online technologies have contributed to the paradigm shift of art museums from “‘ritual’ spaces to ‘experience’ spaces” (Karayilanoğlu & Arabacioğlu, 2020, p. 424).

Jewitt (2012) notes that the normative use of digital tools in museums has fostered a transformation of the visitor experience. The current definition of the museum (ICOM, 2022) highlights their focus on delivering diverse visitor experiences to fulfill their educational function. In art museums, the visual, aesthetic, cognitive, and multi-sensational encounter with the artwork is considered a distinctive feature of the museum experience (Smith, 2006). Considering the blending of digital and physical dimensions of the museum experience, Devine and Tarr (2019) proposed the conceptual notion of the “digital layer” (p. 295), which highlights the affordances of digital technologies for providing a total museum experience that analogue tools lack. While both analogue and digital formats can be employed to achieve museum learning outcomes, Ruttkay and Bénysei (2018, pp. 106–107) proposed six digital strategic functions to accommodate the blending of digital and non-digital educational practices:

1) Motivation, raise of interest in a playful way; 2) Education in different ways: affective, cognitive, motoric, and gamification; 3) Triggering visitors’ activity – learning by doing and searching, and by discovery; 4) Visitor participation on different levels; 5) Personalization; and 6) Extending the visit in space and time.



The development of digital technology in museums has also expanded into new dimensions of established educational theory. It has been argued that 21st-century art museums need to accommodate the diverse learning agendas of both visitors and potential visitors through “edutainment” (Black, 2012). Digital technology can deliver a variety of unique spatial and immersive experiences with each individual visit (Karayilanoğlu & Arabacioğlu, 2020). Similarly, the multisensory learning experience can also be enlivened by interactive devices, digital components (e.g., moving images, human–computer interactives, lighting systems, digital sounds), and virtual technology (e.g., haptic devices, augmented reality, artificial reality, 3D prototyping) (Di Giuseppantonio Di Franco et al., 2015). Falk and Dierking (2016) postulated that technology-facilitated museum experiences enhance the transparency in relationship building between museums and the public. The use of new digital technology and modes of communication, such as social media, personal mobile devices, online collections and resources, and virtual museums, strive to attain “the entirety of the visit ‘the seamless, connected experience’” (Devine & Tarr, 2019, p. 299), in which learners can engage in both the individual meaning-making process and the social context both within and outside the architectural space of museums.



The Impact of the COVID-19 Pandemic

The outbreak of the COVID-19 pandemic in 2019 caused unprecedented disruption in educational, cultural, and social institutions, upsetting normal routines and operations at the local, regional, and global levels (Demertzis & Eyerman, 2020). According to ICOM (2020), all museums (94.7% of the respondents) around the world were under temporary closure in compliance with the social distancing restrictions during the lockdowns. A drastic decrease in the number of museum visits was recorded due to the mass temporary closure and imposed infection control measures, which caused a prolonged reduction in the number of visitors even after museums reopened and other restrictions were relaxed (Maciuk et al., 2022). Prior to the pandemic, most of the educational practices were confined to the physical site of museums. Raved and Yahel (2022) noted that the “the relevancy of museums became questionable” as the outbreak of the pandemic prohibited access (p. 146) In a survey conducted by NEMO (2021), amid the pandemic, an expansion in digital services in museums and online educational offerings was observed with an enormous increase in the provision of online services, social media activities, and video content. Among a wide range of digital tools, five primary types of initiatives were identified by UNESCO (2020, pp. 15–17), including:

1) Use of previously digitized resources, 2) Digitization of planned activities during the months of lockdown, 3) Increased activity on social media, 4) Special activities created for lockdown, and 5) Professional and scientific activities organized in the context of lockdown.



Tranta and Kyprianos (2022) found that the specific context of the pandemic necessitated a “phygital” experience, i.e., the blending of physical and digital museum experiences (p. 207). As part of the immediate actions to enable a virtual presence, museums tapped into their existing resources, including archived collections, museum websites/microsites, and online and social media (Sifaki, 2022). New educational content and programs have also been developed and delivered via online channels, such as live-streaming, virtual tours, online exhibitions, curator’s talks, podcasts, e-books, webinars, workshops, archived materials, hashtags, and games (Sifaki, 2022). Most digital programs are free for the public with anytime and anywhere access that can accommodate visitor groups of different sizes, ages, and interests. For example, museums in Singapore host online programs that require advance online booking to accommodate smaller groups of up to 35 participants for each session (Tan & Tan, 2021). The pandemic also triggered the creation of remote home learning programs for students and families (Sifaki, 2022). The online workshops “DPAG Art @ Home”, provided by Dunedin Public Art Gallery in New Zealand, is an example of remote learning initially designed for children and families during the pandemic that has evolved into a regular educational offering (McNaughton, 2020).

Apart from disseminating educational content, museums have also begun engaging in interactive communication with their audiences by collecting feedback from social media platforms to devise their educational strategies (Agostino et al., 2020). Accordingly, the COVID-19 era marked an iconic period of digital transitions that took museums from being physical sites to a ubiquitous network for the audience (Choi & Kim, 2021). The reliance on contemporary interactions through digital and virtual applications has brought forth the concept of the “participatory museum” (Simon, 2010, p. 20) and the social context of museum experiences (Vayanou et al., 2020). Synchronized with the epistemological turn and the onset of the pandemic, three approaches of digital content delivery were identified by Sifaki (2022): (1) pedagogical: educational content is delivered directly to the audience via narratives or the curator as storyteller; (2) asynchronous: the audience receives the content via asynchronous interaction; and (3) synchronous: both the museum and audience engage in real-time contemporary interaction simultaneously, e.g. live-streaming educational programs (Agostino et al., 2020).

Taken together, we can conclude that there are two remarkable transitions that emerged from digital museum learning during the pandemic. First, the transmission of museum experiences was enhanced via information retrieval and exploitation (Choi & Kim, 2021), and second, multimodal museum experiences (Pine & Gilmore, 2011) were strengthened (Kara & Sungur, 2021) As Sifaki (2022, p. 274) claimed, “the evolving pandemic served as both a threat and an opportunity to reconsider the rationalization of museum functions, the inclusion of new audiences…highlighting the need for more investment and innovation in digital strategies”. Thus, COVID-19 essentially accelerated and forged considerable improvement in digital implementation in museums within a compressed period. However, the potential of digital tools has yet to be fully exploited (Maciuk et al., 2022). It has also been argued that increased virtual and online experiences cannot entirely replace the first-hand and social experience of the physical museum (Tranta et al., 2021). Noehrer et al. (2021) claims museums need to seek ways to adjust to a new model of engagement and learning in the post-pandemic era. In sum, the pandemic brought extraordinary circumstances that progressively redefined the role of learners, sites of learning, modes of communication and delivery, and use of digital technologies in museum learning. Transcending museum education beyond museums through the changing technologies, there appears to be an unequivocally leap forward into an unimagined pedagogical landscape in museum education.




Virtual Technology and Learning in Museums


Alternate Ways of Experiencing Museums through Virtual Technology

According to Confalonieri et al. (2015), the use of high-tech digital, virtual, and interactive technologies has been growing in art museums in recent years. In the 1920s, science museums in Europe began to apply interactive systems to the display of tangible exhibits to encourage participation and learning (Karayilanoğlu & Arabacioğlu, 2020). This approach of object learning through interactivity then spread to science museums in the United States in the 1930s (Sastre-Juan, 2021). Over the decades, the emergence and rapid development of new museum technologies marked a renaissance for the multimodal learning experience. The “digital layer” (Devine & Tarr, 2019, p. 295), which supplements static displays in art museums provides alternate ways to experience learning in two major ways – multisensory and hybrid.

The concept of The Multisensory Museum proposed by Levent and Pascual-Leone (2014) denotes the shift from the dominant use of visual components in art museums to the cross-sensory application of touch, sound, smell, memory, and space as curatorial and interpretative tools. Since the introduction of multisensory experiences in art museums, a call for activities that incorporates the use of sensory tools, e.g., tactile artworks, olfactory displays, 3D scanned and printed replicas, food or odor samples, and biofeedback art, has been observed (Hornecker & Ciolfi, 2019). Digital and virtual technologies are inherently multisensory-oriented mediation tools that extend the reach of embodied sensory experience beyond human physical constraints (Karayilanoğlu & Arabacioğlu, 2020). While the traditional delivery of the museum experience remains in place, a synthesized approach that leverages the interactions between sensory perceptions (Bedford, 2014) has become the modus operandi of contemporary museums. Karayilanoğlu and Arabacioğlu (2020, p. 427) categorize museum technologies into two main types – “passive” and “active” – according to the level of the audience’s participation. Along this continuum, it is suggested that a mix of collective and interactive technological tools can help create an immersive and captivating atmospheric environment.

Similarly, Løvlie et al. (2022) proposed “hybrid museum experiences” (p. 31) to reframe museum experiences that combine the “traditional physical museum experience” with a “purely virtual experience” (p. 32) As Løvlie and Waern (2022) note, “unlike many other uses of technology inside museums, hybrid museum experiences are not digital experiences designed to be experienced in isolation” (p. 18). Harnessing the potential of museum technology, both the physical and the digital layers of the museum experience coexist to alter the visitors’ experience of the art collection. Saha (2019) provides some of the notable examples of art museums that have successfully implemented this hybrid museum strategy, including the Cooper Hewitt Smithsonian Design Museum, the Cleveland Museum of Art, and the Museum of Old and New Art.



Interactive Digital Presentation Technologies

Hornecker and Ciolfin (2019, pp. 18–30) categorized human–computer interaction (HCI) technologies in museums into three primary types of interaction frames: (1) standalone installations, (2) mobile interactions, and (3) assemblies. Some typical examples of standalone installations include digital information kiosks, screen-based standalone installations, and interactive tables (Hornecker & Ciolfi, 2019, pp. 18–23). These standalone installations varying in size, shape, and form can be smartly incorporated into the physical exhibition design. The information kiosk for the dissemination of digital content is an early format of standalone installation that continues to exist, and is increasingly upgraded with more advanced functions, e.g., motion and gesture detection systems (Hornecker & Ciolfi, 2019). Hornecker and Ciolfin also covered different technologies ranging from touchscreens, movement detection, and image recognition to more conventional control devices like button and lever systems. Examples at the Cleveland Museum of Art include “Lenses and Strike a Pose”, which uses motion detection to capture the body interaction of the audience, and “Gaze Tracker”, which reveals the viewing path of the visitors via eye-tracking (Hornecker & Ciolfi, 2019, p. 21).

The research and development of touch screen technology began in the mid-1960s, followed by the touch screen system, PLATO IV, first introduced to primary schools in 1972 (Buxton, 2010). With the development of multi-touch systems since the mid-1980s (Lee et al., 1985), and the popularized use of multi-touch interfaces in daily life since the release of Apple iPhone in 2007 (Karayilanoğlu & Arabacioğlu, 2020), multi-touch interfaces have been widely adopted in art museums. Apart from the display and delivery of generic illustrative information, such as exhibition catalogues, gallery layouts, and ticketing, the interfaces support various forms of interactive learning. For instance, showcases of a museum’s digital collection allow zoom-in, multiple perspective viewing, multimedia content downloading, and the delivery of educational content through gamification, animated interactive storytelling, video, and multiplayer interaction (Karayilanoğlu & Arabacioğlu, 2020).

Interactive tables began to emerge in museum research in the early 2000s (Hornecker & Ciolfi, 2019). The capacity to physically engage more visitors and compatibly accommodate different multi-touch technologies are the main features of the tabletop interfaces (Hinrichs & Carpendale, 2011). In principle, interactive tables are specifically designed for educational purposes, i.e., to scaffold the hands-on learning process through performative interactions (Lyons et al., 2015); these tables are typically found in science museums to support children’s learning. Incorporating tabletop interaction into pedagogical displays in museums has shown remarkable positive results (Hornecker & Ciolfi, 2019). Hornecker and Ciolfi (2019) suggest that the popular use of tabletop interfaces in museums engages visitors in several ways including: guiding visitors to explore the historical archival data using a timeline, encouraging participation in thematic educational games and in simulated scenarios, and allowing access to visual content or artifacts that cannot be put on display.

Complementing the museum strategy of “Bring Your Own Device” (BYOD), mobile interactions are commonly seen in museums. Visitors can retrieve digital content and initiate self-guided tours and location-specific interactions through their personal devices (e.g., smartphones, tablets, and smartwatches) equipped with different mobile apps and positioning tools (e.g., quick response code, mobile applications, GPS, iBeacons) (Hornecker & Ciolfi, 2019, pp. 23–29). Quick response (QR) codes are matrix barcodes/identifiers that point users to a specific website or application via detection by mobile devices (Karayilanoğlu & Arabacioğlu, 2020). By virtue of the built-in cameras in personal smart devices, QR codes when detected by the devices can lend access to a great deal of content according to the audience’s preferences. The use of QR codes in art museums is thereby commonly linked to supplement the caption labels of artworks for redirecting visitors to related websites or applications for detailed information (Karayilanoğlu & Arabacioğlu, 2020).



Digital Guides

In 1952, the audio guide system using radio transmission was introduced as the first visitor engagement technology in Stedelijik Museum’s Short-Wave Ambulatory Lectures (Tallon & Walker, 2008). Since then, the handheld audio guide technology has been evolving, from “Sony Walkman tape format”, to Personal Digital Assistants, and to the digital guide format (Tallon & Walker, 2008). With the ubiquitous use of personal mobile devices, presently, “each visitor’s museum experience is partly mediated through their own mobile phone” (Steier, 2009, p. 368). Museums now adopt a BYOD strategy giving easy access to digital narratives provided by museums. As the digital layering in museums becomes increasing complicated, the content delivered by digital guides is now in a hybrid state offering multiple types of content when referring to the same artifact (Hornecker & Ciolfi, 2019). Hence, newer forms of digital guides can be embedded into other physical/components creating an interactive experience. For instance, the Kurio museum guide, consisting of a tabletop interface, a personal digital assistant, and portable controllers (Wakkary et al., 2009), was designed to facilitate family group visits and learning through games and play.

With the advance of digital guide systems, several opportunities have been created for connected interaction via mobile guides that move beyond descriptive illustration or finding pathways. Based on the description of the innovative uses afforded by mobile technologies (Hornecker & Ciolfi, 2019), four major novel types of digital guides have been identified – gaming, explorative, narrative, and location-specific. The disruptive innovation of artificial intelligence (AI) has created an entirely new form of interactive museum guide using chatbots. Chatbots use AI and natural language processing to engage users in dialogue through automated responses (IBM, n.d.). Chatbots can be used in museums for customer services (e.g., providing museum access information and answering general inquires) and conducting interactive guided tours. Some examples of mobile guides using chatbots include the Martmuseumbot (2016/2017) in The Museum of Modern and Contemporary Art of Trento, Appliedguide (2017) in the Universality for Applied Arts Vienna, and the Voice of Art (2017) in The Pinacoteca de São Paulo (Kölbl, n.d.).



3D Virtual Technology

Since the emergence of virtual reality technology in 1965 (Papaioannou, 2020), 3D visualization technology has rapidly developed. Virtual (VR), augmented (AR), and mixed reality (MR), together known as “extended reality” (XR), refer to technologies that create an immersive environment in which the virtual components are integrated and mapped into the real-world via sensory cues – visual, audio, olfactory, gustatory, and haptic (Jiang et al., 2022). For informal learning in art museums, VR engages visitors in a fully immersive computer-generated environment isolated from their present real environment through wearable devices, such as head-mounted displays, VR goggles, and handheld controllers (Orr et al., 2021). AR superimposes the virtual content on the tangible objects and surroundings allowing learners to perceive both the augmented layer and the underlying physical surroundings simultaneously (Hornecker & Ciolfi, 2019). MR blends the physical surroundings with the virtual components into one augmented environment where interaction occurs, and the effect of interaction is overlain within the blended sphere (Hornecker & Ciolfi, 2019).

Recent studies have provided a detailed account of the different uses of XR within cultural heritage museums for informal learning (Orr et al., 2021). In principle, VR is not suitable for exhibition enhancement as it obscures the real-world scene, yet both AR and MR are deemed suitable for exhibition enhancement (Bekele et al., 2018). Instead, VR allows the visitors to take on a first-person perspective and enjoy an immersive experience in encapsulated rooms or in virtual museums/exhibitions (Bekele et al., 2018). Early applications of VR in museums required a specific set-up, such as a VR cinema and wearable devices, to watch the VR content (Hornecker & Ciolfi, 2019). As more affordable headsets, such as Google cardboard, Samsung Gear VR, and Merge VR Goggles, become available, VR can be more easily used in museums. For instance, The Städel Museum in Frankfurt, Germany developed a “Time Machine” VR app and offered VR glasses to visitors with a guided stroll through the historical collection rooms as they appeared in 1878 (Städel Museum, n.d.).

AR has been shown to be a better approach than VR for offering integrated immersive experiences in the physical setting of an exhibit (Bekele et al., 2018). Along with the popularization of the BYOD strategies in museums, mobile AR and AR guides have been widely adopted in museums (Hornecker & Ciolfi, 2019) to provide a personalized learning experience and scaffolding for the audience. The “Visual Magic: Dalí’s Masterworks in Augmented Reality” exhibition held in the Salvador Dalí Museum, United States in 2019 is one example that has used an AR mobile app called, “The Dali Museum”, which visitors can interact with in real-time and learn about the details of the artworks on display (Salvador Dalí Museum, 2020). Projected AR, also known as projection mapping, 3D-projection, or video-mapping, projects and maps augmented visual content onto a tangible surface by using projectors; thus, no wearable device is required (Hornecker & Ciolfi, 2019). “Colour the Temple” at the Metropolitan Museum of Art in New York is an example of an AR projection mapped onto the wall presenting an animated scene to illustrate the painting process and background of the original works.

MR, a hybrid of VR and AR technologies, can be used to superimpose interactions in virtual and physical spaces, interactive virtual guided tours, or multiplayer games (Hornecker & Ciolfi, 2019). An example of MR is “Suspended Animation, a Reflection on Calder” in the Arizona State University Art Museum (Birchfield et al., 2008). In the exhibition, visitors can interact and play with the virtual 3D objects via controllers, to “touch” and learn about the structure and design of artworks. In recent years, a new form of 3D technology called naked-eye 3D has been adopted. This tool uses 3D LED displays to present stereoscopic visual images without the need to use extra devices. Viewers can view 3D images with their naked eyes from any angle. One example of the educational use of naked-eye 3D was demonstrated in “The Way in Patterns: An Immersive Digital Exhibition” jointly organized by The Palace Museum and Tencent T-Museum in 2021, in which a 5.3-meter tall naked-eye LED display was installed. The magnified visual images rendered in ultra-precise displays allow visitors to observe and contemplate the details and patterns in cultural relics even more vividly than in real life (The Palace Museum, 2021).




Online Resources and Learning Beyond Museums


3D Virtual Exhibitions

The expanded use of digital and virtual technologies has enabled museums to connect with a wider audience through various virtual interfaces. As an alternative to physical exhibitions, museums can present their collections through virtual 3D exhibitions in which the public can freely and easily access the content without geographical and time restrictions. The virtual 3D exhibition delivers a realistic simulation of a real-world exhibition allowing visitors to take an active role navigating the virtual space from a first-person perspective (Carmo & Cláudio, 2013), where interactive features allow an exploration of the contextual information in the displayed artworks (Widjono, 2020). The simulated 3D environment is built based on computer-generated graphics (e.g., 3D models or renderings) or 360-degree panoramic images of the physical exhibitions (Kim & Hong, 2020).

“Digital museum”, “virtual museum”, “online museum”, and “museum websites” are some of the common interchangeable terms for virtual 3D exhibitions (Kim & Hong, 2020). The first virtual museums emerged as online archives in the 1990s to display art creations, image records, and information about a physical museum’s collections (Loaiza Carvajal et al., 2020). With the advent of 3D technologies, virtual museums presently take the form of virtual 3D environments “to complement, enhance, or augment the museum experience through personalization, interactivity, and richness of content” (Hazan et al., 2014, p. 39). Loaiza Carvajal et al. (2020) identify two types of immersion in 3D virtual environments based on the system architecture. The first type of immersion requires the use of traditional peripheral devices, such as the computer, mouse, and keyboard. An example is the Virtual Museum – launched by Apple Computer and released in CD-ROM format in 1992.

Another type of virtual museum involves the use of VR technologies to create a fully immersive 3D environment. VR hardware devices mounted on the head and controllers with a six degrees of freedom (6DOF) manipulation system are usually required to enable visitors to navigate in the augmented 3D environment. A deeper sense of immersion can also be experienced using more advanced input/output devices that enable motion and gesture detection (Loaiza Carvajal et al., 2020). Mateos-Rusillo and Gifreu-Castells (2017, pp. 46–47) divide the interface design of virtual museums into three models based on the navigation style: (1) “the Mirror model”: a linear designated navigation route constrained by the automated virtual tour; (2) “the Hypermedia model”: nonlinear navigation path allowing free exploration and interaction; and (3) “the Narrative model”: a hybrid form of navigation in between the mirror and hypermedia model, in which the suggested navigation route is embedded with free choices of interaction.



Virtual Reality Tours

VR has been considered more suitable for implementing auxiliary museum learning programs than enhancing on-site exhibition engagement (Bekele et al., 2018). As museums expand their learning sites to the online domain to connect with a larger audience, VR technological applications engage their audience in learning outside the physical location of museum. By presenting museum collections in virtual format or by delivering an experience in the virtual space (Pivec & Kronberger, 2016), virtual tours powered by VR technologies and online platforms offer a ubiquitous mode of museum learning. Virtual tours allow those who cannot access the physical museum to engage in a highly immersive experience through their computers or mobile devices. Virtual tours are typically delivered through the online museums with the use of compatible VR devices, such as VR headsets and controllers, providing the highest level of freedom and autonomy in terms of navigation (Resta et al., 2021).

Resta et al. (2021) observed that the Google Art Project launched in 2011 accelerated the proliferation of virtual tours of museums. In partnership with global art institutions, the Google Art Project offers virtual trips to over 500 of the most iconic art museums. The audience can explore artworks with 360-degree Google Street View walkthrough and retrieve additional information and descriptions of artworks through designated access points. Apart from remote access, virtual tours can deliver experiences that would be impossible in the physical museum (Pivec & Kronberger, 2016). For instance, the “Street Museum of London” AR mobile app developed by the Museum of London has adopted GPS positioning technology to guide visitors to specific locations in London (Panciroli et al., 2018). It is argued that VR tours have stimulated museums to relinquish the traditional didactic approaches of museum tours (Resta et al., 2021) and thereby forge new possibilities empowering visitors to embark on a more autonomous journey (Tallon & Walker, 2008). As VR technologies are still being developed, it is envisaged that the ongoing research and development of robotics, haptics, tactile devices, and “digital touch” (Jewitt et al., 2021, p. 102) will continuously shape the sensory experience of VR tours.



Online Lessons, Courses, and Curriculum

Online learning services are specially designed to accommodate designated groups that are tied to the museum’s educational goals (Quinlan-Gagnon, 2013). With the popularization of online open learning platforms, Massive Open Online Courses (MOOCs) have been widely adopted as a major stream of online museum learning. Although both benefits and drawbacks are evident in the implementation of MOOCs (e.g., low attendance or completion rate), with fee-based and free access, MOOCs are an innovative means for enhancing public access to a museum’s educational resources (Din, 2015). For instance, Tate offers the “ARTIST ROOMS Warhol MOOC” as a first specialized MOOC course based on a single artist (Tate, n.d.); the Centre Pompidou provides free online MOOCs linked to online conferences, masterclasses with prominent artists, and online guided tours to explore the museum’s collections (Centre Pompidou, n.d.). Various digital tools and online activities, such as documentaries, quizzes, live-streaming videos, podcasts, and online discussion forums, are also incorporated into the MOOCs. To this end, the MOOC platform embodies a global open learning community network, encouraging the audience to engage in idea exchange, dynamic interaction, and open dialogue to explore the unseen museum content and collections while ensuring cohesiveness between online and on-site museum learning (Din, 2015).



Online Resources for Teachers

A rapid proliferation of digital educational material offered by museums dedicated to schoolteachers has been witnessed over the decades to help connect formal and informal learning (Etheridge, 2017). For example, many free online educational resources and materials are provided by the Museum of Modern Art (MoMA) (MoMA, n.d.). The online “Teacher Study Guide” developed by the Vancouver Art Gallery is another notable example of a museum’s pedagogical provision (Vancouver Art Gallery, n.d.). The study guides are downloadable from the museum’s website facilitating teachers’ preparation for pre- and post-visits to the museum. The learning package consists of a wide range of resources ranging from information sheets, activities, suggestion lists, vocabulary lists, printable worksheet templates, open-ended inquiry templates, and step-by-step instructions for suggested activities.

Apart from online materials for teachers, MOOCs are another popular digital offering for teachers developed by art museums. A MOOC’s principal aim is to develop practical pedagogical strategies and concrete knowledge related to museum learning that can be readily applied in the classroom. Museum MOOCs are commonly structured into different learning themes supplemented with online discussions, lectures, videos, readings, assignments, and quizzes. A community of practice can thus be formed to foster collaborative learning and continuous professional development in museum education among educators (Mazzola, 2015). MOMA is a forefront provider of online professional development programs for K-12 teachers on the Coursera platform, with a global record of 17,000 teacher visits to their e-learning platform (Etheridge, 2017).



Museum Websites

Museum websites serve as an online hub centralizing all the digital information and learning resources for public dissemination. Chong and Smith (2017) showed that in terms of content, museum websites contain a broad range of information and learning resources, including artifacts and collections, external links, archives and databases, online virtual tours, e-learning materials, digital educational packs, video conferences, and lectures, yet the interactive components of the educational resources on museum websites are under-researched and underdeveloped. Since the 2000s, the emergence of new digital strategies in museums has inspired museum websites to revitalize and reinvent themselves to align the physical and virtual presentation of museum exhibitions and collections (Stein, 2017). For instance, the educational content presented online can serve as an extension to on-site visits by enhancing the comprehensiveness of a museum’s message (Devine & Tarr, 2019). Microsites are developed as a bundle together with on-site exhibitions to disseminate enriching online content and educational activities for sustaining the audience’s post-visit engagement in the virtual domain (Hornecker & Ciolfi, 2019).



Digital Collections and Archives

The last two decades have witnessed a massive global digitalization of museum artifacts and collections (Magnani et al., 2018). As a result, most larger art museums around the world have built up their own digital archives and online repositories. Some pioneering digitalization initiatives like Google Arts & Culture and Europeana have developed a networked gigantic archive housing a vast number of digital artifacts and collections across different types of art museums, libraries, and cultural and heritage institutions (Pivec & Kronberger, 2016). With the advent of 3D scanning, modeling, and printing technologies, museum artifacts can be documented in high-precision visual 3D representations of original artworks. In conjunction with the Open Galleries, Archives, Libraries, and Museums movement (OpenGLAM, n.d.), online museum archives are collaborating with online open archives like Wikimedia Commons, and Google Arts & Culture to strengthen their free access to public. Some of the museums and digital archives such as The Metropolitan Museum of Art and Europeana are keen to adopt new open access strategies to grant the public free-of-charge use of artworks under the Creative Commons Zero agreement (Creative Commons, n.d.).

Broadly speaking, only a small number of artwork collections can be on display in art museums. For example, the Smithsonian Institution, the world’s largest museum institution, has less than 1% of its collection on display at any point in time (Smithsonian Institution, 2018). Accordingly, museums, through their digital archives, not only foster the democratization of knowledge by granting public access to their content (Pivec & Kronberger, 2016), but also provide the capacity to preserve gigantic collections including primary reference materials related to the collections that help to address the contextual dimension of object learning (Devine & Tarr, 2019). Museums have also experimented with innovative technologies such as Application Programming Interface (API) and AI to develop more advanced digital collections and archives. For instance, the Smithsonian (Smithsonian Institution, n.d.), Rijksmuseum (Rijksmuseum, n.d.), and the Cleveland Museum of Art (The Cleveland Museum of Art, n.d.) have developed digital collections using API, in which programmers and developers can generate new programs and AI applications from open-source databases.




Review of Relevant Studies, Initiatives, and Projects


Impact on Learning

The use of digital and virtual technologies has contributed to both learning and entertainment in museums (Pallud, 2017) and impacted museum learning in various ways. Firstly, the “digital layer” (Devine & Tarr, 2019, p. 295) on top of the didactic exhibitions in art museums has altered the role of audience from passive learners to active co-creators of museum learning experience. HCI installations and interactive devices in museums can stimulate visitors’ learning interest, deliver a wide range of engagement opportunities (Falk & Dierking, 2016), and offer immersive multisensory experiences (Christidou & Pierroux, 2019). Both digital guides and interactive installations can engage visitors cognitively leading to “experiencing immersion, enjoyment, and curiosity lead to a higher level of learning” (Pallud, 2017, p. 474). Different interactive sensory tools are designed to complement the thematic display and emphasize the aesthetic qualities of artworks, adding flavor to the typical viewing experience. Accelerated by the rapid development of novel technologies, digital learning in museums is in a constant state of change in which easy update, renewal, and enhancement are enabled, resulting in a more diversified and faster delivery of novel learning experiences. The application of digital and virtual technologies in museums also manifest an increasing demand and expectation of multimodal learning experiences from both visitors and non-visitors.

Secondly, in technology-enhanced museums, learning and interpretation move beyond the tangible objects toward a “hybrid mode”. Technological mediation tools thus act as determinants in the shaping of a multisensory learning experience. The reliance on the use of personal devices in mediating learning experience is demonstrated in the proliferation of the BYOD strategy. The extended sensory and cognitive processes (e.g., anticipation, integration of sensory inputs, and proprioception) can go beyond merely touching artifacts (Bacci & Pavani, 2014). The advance in photogrammetry, 3D scanning, and 3D printing technologies allow art museums to produce replicas of the exhibits. Overlaid with kinetic components like digital sensors and actuators or mapped with visual projections, replicas can augment the originals to engage the visitor with physical touch of the exhibits (Hornecker & Ciolfi, 2019). With the ongoing development and innovation of these multisensory modalities and interactive devices, such as the development of 4D printing and the integration of neuroscience, further development of multisensory experience for museum learning is foreseeable.

Lastly, the integration of digital and virtual technologies in museums has rigorously expanded the learning space and reduced the cost of learning through the realization of an early concept, “the imaginary museum/ the museum without walls”, as proposed by André Malraux (1967), giving ways to anytime and anywhere museum learning opportunities for anyone. The implementation of interactive technologies to merge the tangible collection with the virtual context also transforms the visitor experience in a blended way – both personal and social. In this way, the affective or emotional dimensions of the visitor experience can also be unlocked by digital technologies. To this end, the delivery of museum learning is achieved by leveraging the “full advantage of the ways in which digital technologies can mediate visitor interactions, and educate, tell stories and convey meaning” (Giannini & Bowen, 2019, p. 164). Furthermore, the future of remote museum education is envisioned by Peter Weibel, the former chairman and CEO of the ZKM, prompting to the multimodality of virtual museums as “Netflix 2.0” (Kiolbassa, n.d.).



Strengths and Achievements

The benefits of using virtual technologies to enhance museum learning and augment the visitor experience has been uncovered in many empirical studies. As compared with the traditional object-based learning and epistemological approach in museums, technology-enhanced museums offer several unique strengths in delivering effective learning outcomes. First, the use of the AR-based online wearable guide has been found to stimulate the “situational interest” of visitors (Yu et al., 2019). A number of studies suggest that the “digital layer” (Devine & Tarr, 2019, p. 295) help stimulate learning motivation and improve learner’s learning performance while minimizing the cognitive load (Chu et al., 2019; Hwang & Chen, 2017).

Second, the hybrid approach using digital technologies in both the virtual and physical spaces of museums have also expanded the ways in which visitors learn in-depth contextual details about artworks and develop thematic connections between them (Hendy-Ekers, 2015). Unlike the dedicative museum exhibitions that confine learning to a limited physical space and information, technology-enhanced museums enable learners “to interact, to move the exhibit, observe it from all angles, to find out more information, to like, express his feelings, offering the user a sense of freedom” (Kargas et al., 2020, p. 132), thus offering a more “rewarding experience” (ibid., p.133) through deep learning.

Third, digital technologies can be tailored to different communication and learning needs and styles of the “digital natives” in the 21st century, thus allowing learners to engage in self-directed learning while being supported and scaffolded by “virtual guides”, leading to an immersive experience of co-creation, collaboration, and participation (Ramaswamy & Ozcan, 2018). In terms of audience spectrum, Kargas et al. (2020, p. 119) underline that the “‘digital convergence’ between VR & AR technologies and social media’s promoting logic, could enlarge museums potentialities in attracting more visitors, younger visitors”. In a meta-analysis study conducted by Xu et al. (2021), it is identified that digital and virtual technologies specifically strengthen the learning of students and adults.

Finally, as for accessibility, virtual technologies enable the implementation of distance learning programs extending the museum’s reach to potential audiences at a distance, providing anytime-anywhere connections (Gaylord-Opalewski & O’Leary, 2019). The digitalization effort and digital translation of museum content also provide increasingly open access to previously inaccessible content unsuitable for showcasing in physical settings (Ramaswamy & Ozcan, 2018).



Limitations

Although the widespread integration of digital technology and digitization into museums has been accelerated by COVID-19, digital tools are not a panacea. Not all digital strategies and implementations are well-conceived and effectively executed as many of the digitalized works still resemble an early didactic or static format of knowledge transmission (Maciuk et al., 2022). In the same vein, Løvlie and Waern (2022, p. 23) claim that “technologies may fail” in many ways: (1) technological tools sometimes are not maintained and updated or they may lack resources to conserve them; (2) the interface or experience design may fail to deliver the initial objectives/goals; (3) the implementation plan of the digital experience may fail to balance the divergent demands among different departments in museums; and (4) they may fail to deliver an engaging visitor experience.

Tranta and Kypriano (2022, p. 218) stress the “historical paradox”, i.e., that while we face an unprecedented hyper-networked world with heightened access to information, there is increasing social isolation among the young generation (Christiansen, 2018). As museums place the younger generation at the center of their service (Ament, 2021), museums struggle to develop and implement digital strategies that can mitigate this paradox. Likewise, Mohd Noor Shah and Ghazali (2018) call for an in-depth understanding of visitor expectations during a period of rapid change as museums advance into the digital era.

The interactive and immersive experience developed by museums first emerged to focus on the delivery of engaging personalized experiences in which the priority on individual learning gave rise to concerns about overlooking the social dimension of the museum experience (Heath & vom Lehn, 2008). To this end, research into enhancing social interaction and co-participation among visitors through digital technology, both in the physical/hybrid (Løvlie & Waern, 2022) and virtual setting (Vayanou et al., 2020), remains promising. Another consideration regarding the use of digital technology is the digital divide. Maciuk et al. (2022, p. 614) argue that the digital learning opportunities offered by museums “are still not universal” because, to a large extent, digital experience is dependent on technological devices, e.g., mobile devices, Internet, and Internet bandwidth. According to the United Nations (2021), it is estimated that 37% of the world’s population do not have access to the Internet. Similarly, about 11% of the population in the United Kingdom do not have home Internet access (Ofcom, 2021). Moreover, there has been a debate about the irreplaceability of the authentic experience in museum visits (Rhodes, 2011) denoting the limitations of digital and virtual technologies in museums.

Regarding the museum experience in the virtual realm, Agostino et al. (2020) note three major concerns when implementing online museum learning programs: (1) addressing the content that both the museums and visitors favor and demand; (2) providing the appropriate level of autonomy for navigating visitors during virtual visits; and (3) how to charge or grant free public access to online programs. Adopting digital technologies in museums to deliver effective programs thus requires in-depth considerations. However, addressing these challenges in delivering technology-enhanced museum learning that revolves around the physical and virtual domain infuses synergy into the process of enhancing digital strategies for museum learning.




Conclusion

By proposing the “MUSETECH model” to establish benchmarks for evaluating technology use in museums, Damala et al. (2019, p. 19) state that, “the multifaceted use and potential of museum technology is clearly beyond any doubt”. The array of digital applications not only transcends current learning in art museums, but it also leads to notions of other new technologies like AI, big data, robotics, and the Internet of Things that may bring disruptive and revolutionary changes to the educational landscape. Nonetheless, the upgrade of museum technology brings both challenges and opportunities for art museums urging them to enhance their presence, accessibility, and renewability (Ahmed et al., 2020). Liestøl (2009, p. 29) claimed there is a top layer of digital development in the art museum constructed above the hardware and software layers, namely “meaningware”; thus, art museums should explore the development of “meaningware” to plan and implement sustainable virtual and digital learning strategies.
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Introduction

Languages play a major role in the design of interactive applications, or apps for short, that people use every day on personal devices, such as PCs, smartphones, smartwatches, smart speakers, etc. A chatbot app, or simply a chatbot, is operated primarily through dialogues with users in either text or speech (Zamora 2017). For the discussion in this chapter, we focus on text-based chatbots and refer to them simply as chatbots unless otherwise stated.

Chatbots are increasingly deployed in many personal service settings including customer service (Sheehan, Jin, and Gottlieb 2020), healthcare (Huang et al. 2018), banking (Shen 2018), travel (Argal et al. 2018), and personal tutoring (Pérez, Daradoumis, and Puig 2020), where service providers value and strive to maintain their relationships with users. Good communication is essential to relationship maintenance (Dindia 2003). How service providers can affect users using chatbots is an on-going empirical question in communication research (Edwards et al. 2016; Skjuve and Brandzaeg 2018; Beattie, Edwards, and Edwards 2020). This chapter considers human–chatbot communication through the lens of interpersonal communication (IC) (Berger 2009, 2014).

Many IC studies have been focused on the relational effects of communication technologies (Polkosky 2008). As an AI-based communication technology, chatbots’ communication skills are becoming increasingly sophisticated. These skills include being sensitive to users’ emotions and showing empathy through dialogues (Chaves and Gerosa 2021; Rapp, Curti, and Boldi 2021). While there are some concerns over the ethics of AI exploiting human emotions in the contexts of social companionship (Mensio, Rizzo, and Morisio 2018) and social robotics (Sparrow and Sparrow 2006), empathic chatbots have gained widespread use in social media and business applications. Yeung (2023) discusses the need for chatbot empathy from the point of view of business and customer service ethics and argues that customers would feel being treated unfairly if they do not get proper attention to their emotions during service encounters.

This chapter first explains why empathy is a desirable skill in customer service encounters as a matter of interpersonal communication ethics (ICE) (Arnett, Fritz, and Bell 2009a). It then goes on to highlight some challenges to realising empathic communication using chatbot technology.

The next section gives a brief overview of the chatbot technology. Sections 3 and 4 set the stage for an ethical basis for empathic communication in customer service encounters. Section 5 characterises empathy in customer service in practical terms. Section 6 discusses some challenges to rendering customer service chatbots empathic. Section 7 concludes this chapter.



Chatbot Technology

Early chatbots relied on using pattern-matching rules to parse human utterances and produce scripted responses in limited domains (Sankar et al. 2008). A famous example is ELIZA (Weizenbaum 1966) that uses pattern-matching rules to parse human text inputs and produce scripted responses to simulate a psychiatric interviewer.

Early rule-based chatbots have many limitations (e.g., Jenkins et al. 2007). When users produce arbitrary questions or requests, these chatbots would often fail to ‘understand’ and cannot move forward with the dialogues. They are also considered by many as robotic-sounding and lacking in human-like intelligence.

Aided by machine learning (Shawar and Atwell 2005) and natural language processing technology (Abdellatif et al. 2021), chatbots have become increasingly capable of understanding users’ utterances and intents in various tasks and their responses also sound more natural. Furthermore, chatbots can now leverage the statistical power of deep-learning models of human dialogue datasets in formulating even more realistic human-like responses to users (Feigenblat et al. 2016; Spring et al. 2019; Lin et al. 2020).

Chatbots play a special role in Artificial Intelligence due to the famous Turing Test (Turing 1956) that has inspired the development of chatbots to emulate human intelligence in dialogues with humans (Bradeško and Mladenić 2012). Chatbots that are developed based on the data-driven approach are typically evaluated for their abilities to replicate the responses in real life human dialogue examples that are used partly for training the chatbots and partly for evaluation (Shawar and Atwell 2007; Rashkin et al. 2019). On the other hand, while the data-driven approach has been successful in many respects, it does not guarantee unbiased, ethical dialogue behaviours (Neff and Nagy 2016; Wolf, Miller, and Grodzinsky 2017; Henderson et al. 2018). This has led researchers to find ways to instal safeguards against unethical behaviour (Thoppilan et al. 2022).



Communication Ethics

Ethics has much to say about how communication can take place meaningfully between people in a civilised society (Bowen 2020). Without it, it would be difficult to have people talking to each other in the first place—imagine if everyone just talks but nobody is obliged to listen. Classical ethics such as Aristotle’s theory of virtues has been applied to the practice of rhetoric (MacIntyre 2013). There are also deontological, means-based norms (e.g., honesty) for communication (Bowen 2020).

Communication has inherently ethical dimensions and context is a core dimension of communication ethics (Cheney et al. 2011). Arnett, Fritz, and Bell (2009b) postulate that a communication ethic is based on the good one seeks to protect and promote and there are a multiplicity of goods for ethical communication. In the context of IC, relationship is the good to protect and promote (Arnett, Fritz, and Bell 2009c). According to the self-expansion model (Aron et al. 2013), people are intrinsically motivated to build and maintain close relationships with others to expand their potential efficacy. Arnett, Bell, and Fritz (2010) advocate a dialogic approach to communication ethics that suggests the need for listening, attentiveness, and dialogic negotiation. It also prescribes the learning of differences (between individuals) as first principle.

IC plays an essential role in our civil society. Bowen (2020) considers civility as a moral virtue that obliges one to respond in a dialogue. For our discussion, we can imagine a friendly-looking stranger trying to speak to you on the street. You would feel obliged to respond to the stranger out of politeness, which is a social norm in our civil society. Imagine again if the stranger is replaced by a friend of yours in the scenario. If you do not respond to your friend (for no reason), it would not only be considered impolite but also unfair (Hatfield and Rapson 2011) since you are obliged as much to respond to your friend in a friendly manner as he/she is obliged to. Failure to fulfil this obligation by one side would upset the other side and weaken the relationship. On the contrary, the friendship is strengthened and elevated when both sides are committed to friendly exchanges.

ICE (Arnett, Fritz, and Bell 2009c) connects interpersonal ethics to communicative practices with a mandate to nourish the relationship. Furthermore, ICE calls for partners’ attention to communication practices that bind a given relationship together. This in turn calls for an understanding of how IC functions in a particular relationship (Burleson, Metts, and Kirch 2000; Arnett, Fritz, and Bell 2009c), which is the topic of the next section.



IC

Burleson (2010) views IC as goal-driven: partners exchange messages in pursuit of their individual and shared goals (e.g., getting support, understanding the other’s intention, etc.). To bring this affair to fruition, partners need to formulate their messages that are not only instrumental to their goals (e.g., raise a question to get desired information) but also supportive to coherent conversations (Burleson, Metts, and Kirch 2000). Achieving coherence in conversations requires appropriate skills.

For instance, partners often produce backchannel messages such as ‘yes’, ‘ah-ha’ when listening to the other (Yngve 1970) as this contributes to orderly turn-taking between interlocutors (Sacks, Schegloff, and Jefferson 1978). Being sensitive to the effect of a communication partner and limiting negativity is another communication skill necessary for coherent conversations (Guerrero and Andersen 2000).

According to Burleson, Metts, and Kirch (2000), two partners who chronically fail to have coherent dialogues would have difficulties in maintaining their relationship. For instance, researchers have studied the impact of health-related communication deficits on adult relationships and found evidence of negative impact (Davidson et al. 2008; Shorland and Douglas 2010).

So far, we have discussed a relationship-centred ethic for IC with an emphasis on coherent conversations supported by communication skills. The next section considers IC in the context of customer service in which empathic communication is often touted as a valuable skill (Clark et al. 2013).



Empathy as a Customer Service Communication Skill

Empathy can be defined as the ability to become affected by others’ emotions and the affection can be behavioural, emotional, and cognitive (Waal and Thompson 2005). De Waal (2008) considers the taking place of empathy between people at different levels, namely, emotional contagion (matching of emotional state between individuals), sympathetic concern, and empathic perspective taking (understanding other’s situation and experiencing vicarious emotions).

According to Barrett-Lennard (1981), the process of empathy between two persons involves a cycle of three phases, namely, empathic understanding (sensing of an emotional expression from one party to another), empathic expression (showing of responsive understanding), and empathic reception (recognising the response). Each new cycle repeats with another expression from one party to another during their interaction.

In the context of customer service, Wieseke, Geigenmüller, and Kraus (2012) consider empathy as one’s ability to sense and react to others’ thoughts and feelings. Empathy is often touted as a desirable interpersonal skill for understanding customers’ experiences, taking their perspectives and connecting with them emotionally (Frenkel et al. 1998; Deery and Kinnie 2002; D’Cruz and Noronha 2008; Clark et al. 2013). It has been found conducive to customer satisfaction (Wieseke, Geigenmüller, and Kraus 2012; Simon 2013) and trust (Aggarwal et al. 2005; Simon 2013).

According to Clark et al. (2013), there are three types of empathic communication: attentive, affective, and cognitive. Attentive empathy is associated with active listening. Active listening amounts to showing attentiveness (Clark et al. 2013), which is mandated by ICE for understanding the grounds of the other in a conversation (Arnett, Fritz, and Bell 2009c). Affective empathy is about identifying with another person’s feelings and addressing them appropriately. Finally, cognitive empathy involves assuming customers’ perspectives to provide help.



Challenges to Chatbot Empathy

A major thread of research in chatbot design involves modelling and detecting users’ emotions from chat messages in order to provide more satisfactory responses (Rashkin et al. 2019; Spring et al. 2019; Svikhnushina and Pu 2020). Studies have shown that being sensitive to users’ emotions and showing empathy are desirable abilities of chatbots (Chaves and Gerosa 2021; Rapp, Curti, and Boldi 2021). Svikhnushina and Pu (2021) surveyed users’ expectations towards both text- and voice-based chatbots and found empathy as an expected chatbot quality. Failure to recognise negative emotions in customers and address them properly can result in customer churns and vengeful behaviours (Gelbrich 2010; Groth and Grandey 2012).

A major challenge for chatbots is to keep users engaged in conversations. Current chatbots still face many issues (Gnewuch, Morana, and Maedche 2017), including limited natural language understanding capabilities (Følstad, Nordheim, and Bjørkli 2018). Many customers would find it annoying and frustrating if a chatbot cannot understand what is said and keeps asking for clarification or rephrasing. Many customers would give up and abandon the conversations. However, even when a chatbot cannot understand the meaning of a customer’s request, it might still be able to detect the emotional tone of the message (Yin et al. 2017; Hu et al. 2018). Attending to such tones and responding with appropriate cues would often be helpful (Rashkin et al. 2019; Spring et al. 2019). With empathic responses, customers may feel emotionally compensated for being annoyed by the chatbot’s limitations (Wang and Nakatsu 2013).

AI researchers have built models for recognising emotions from chat messages by applying deep learning to a corpora of conversations that are crowdsourced (Rashkin et al. 2019) or curated on social media (Herzig et al. 2016; Yin et al. 2017). Leveraging the statistical power of machine learning, these models can achieve fine-grained classification of emotions using dozens of labels, such as sad, disappointed, devastated, etc. (Rashkin et al. 2019).

For customer service chatbots to show empathy, the first step is to detect the emotional expression of customers, i.e., empathic understanding (Barrett-Lennard 1981). However, there are reasons why customers may inhibit their emotions during service encounters. First, people tend to inhibit emotional expression to strangers; e.g., they tend to smile more when together with friends than with strangers (Buck et al. 1992). Service employees (or chatbots) are in general strangers to customers. Without any prior interaction, a customer would feel uncertain about what to expect from the employee (Gutek et al. 1999). Secondly, emotion displays are subject to ‘rules’ one has learnt to apply during particular social situations (Buck 1985). Customers may suppress negative emotions to avoid undesirable consequences or follow their cultural norms (Hayes and Metts 2008; Baker, Meyer, and Chebat 2013; Sheldon et al. 2017). For instance, in the case of complaints, many customers avoid confrontation and refrain from expressing their feelings face to face (Patterson, Brady, and McColl-Kennedy 2016) or other reasons (Chebat, Davidow, and Codjovi 2005).

Furthermore, there are concerns on customers’ emotional expressiveness: (1) in text-based chat messages and (2) to non-human agents (Clark et al. 2019). In both cases, there are some challenges that are discussed as follows.



Online Text-Based Emotional Expression

While emotions can be conveyed lexically (in words) and non-lexically (with spelling, punctuation, emoticons, etc.) without facial and other bodily expressions (Lindquist, Satpute, and Gendron 2015; Gupta, Gilbert, and Fabbrizio 2013), careful construction is required or emotive text messages can be unclear and prone to confusion (Albritton 2017). Laubert and Parlamis (2019) analysed the detection of emotions expressed in text messages in the context of email-based negotiations and found a high degree of inconsistency among human coders (as well as an automated coder). They suggested that conveying emotions via email was difficult and confusing and the reasons could be quite complex, e.g., masked emotions are leaked. Nandwani and Verma (2021) identified some challenges to detecting emotions from text on social media, including the use of slang, sarcasm, and irony that tend to obscure emotional expression.

Harris and Paradice (2007) studied the effects of using verbal (e.g., emotion words) and non-verbal emotional cues (e.g., emoticons) in email on receivers’ perception of senders’ emotional intentions. They found some support for using more cues to convey a higher degree of emotion in email.

Hasegawa et al. (2013) collected around 1 billion utterances (after filtering) on Twitter and labelled those with emotion-expressing keywords, which amount to around 10 million, or 1%. In the context of customer service, Xu et al. (2017) collected 1 million Twitter conversations between customers and customer service employees and found substantial use of emotional expressions in customer requests (over 40%).

On the other hand, the use of emoticons or emojis is a popular way to express emotions in text messages (Ljubešić and Fišer 2016). Fresneda, Hui, and Hill (2022) exploited emojis in customers’ tweets as data about sentiments for market segmentation analysis. Employees are in general strangers to customers although the latter can perceive more warmth in text messages with emojis from the former (Li, Chan, and Kim 2019). Hegner, Lotze, and Beldad (2021) found that an informal communication style using emojis is not necessarily appropriate for hotels with a more utilitarian and less hedonic appeal to customers.

Tian et al. (2017) analysed the use of emojis in 21,000 facebook posts and found that emojis on their own do not necessarily match the sentiment of text in the same message nor reflect the sentiment of the entire message; their use may serve a concurrent communicative purpose, such as expression of politeness or irony. Researchers have also studied users’ preferences in using emoticons. For instance, in a study on the use of emoticons in online text communication (Derks, Bos, and Von Grumbkow 2008), participants were found using more emoticons to friends than strangers, and more with positive than negative emotions. Kralj Novak et al. (2015) also found emoticons being used in positive sentiments more often than in negative sentiments.



Eliciting Emotional Expression

Empirical studies have shown that computer applications can elicit social responses (e.g., politeness) from users simply with primitive social cues presented at the user interfaces (Nass et al. 1993). For instance, it is common to see people greet and thank a personal assistant application capable of communicating in a human-like voice (Lopatovska and Williams 2018). According to Nass and Moon (2000), this does not involve people consciously and sincerely thinking and believing that computers warrant being treated as humans. Instead, people’s attention is drawn to those cues and ‘mindlessly’ apply overlearned social routines and expectations to such devices.

While there has been some research (e.g., Appel et al. 2012) in human–agent interaction based on participants’ self-reports on how they feel about interacting with humans versus chatbots through online text, studies that actually measure customers’ emotional expressiveness in online text during conversations with service chatbots are still rare. A recent preliminary study (Liu et al. 2020) has found emotional expressions in around 2.8% of over half a million customers’ turns of conversation with a major technology company’s product support chatbot over an eight-month period. In a corpus of dialogues with a receptionist chatbot (with a TTS voice), Lee and Makatchev (2009) found that approximately half of the users produced social responses, such as greetings, farewell, and gratitude, to the chatbot while very few (1.54%) of them talked about their emotions. On the other hand, Xu et al. (2017) collected 1 million Twitter conversations between customers and customer service human employees and found substantial use of emotional expressions in over 40% of customer requests.

Experiments have shown that users tend to show less emotions when conversing with chatbots than with other humans under the same circumstances. In a cooperative decision task experiment (Shechtman and Horowitz 2003), individual participants were found using significantly more emotionally charged interpersonal statements towards a human co-participant than towards a chatbot. In their experiment, Mou and Xu (2017) found participants behaving relatively less open and less self-disclosing when conversing with a chatbot in comparison with other humans during initial online encounters.

To explain the above behavioural differences, consider that we normally find it hard to engage ourselves in a conversation with someone who does not seem to understand our feelings (Buck 1990). A common hypothesis is that machines elicit less emotional expressions from us because we normally perceive them as unable to understand or experience emotions (Gray, Gray, and Wegner 2007; McFarland and Glisky 2012). There is also evidence that people tend to be less emotionally engaged with virtual embodied characters than with other humans. Lim and Reeves (2010) measured the physiological arousal and subjective evaluation of video game players who played competitively and cooperatively with virtual (computer-controlled) characters versus avatars (human-controlled characters). Players were found physiologically more aroused (as measured by skin conductance and heart rate) when playing with avatars than with virtual characters. Okita, Bailenson, and Schwartz (2007) measured arousal (by skin conductance) of learners who received online instructions from virtual characters versus avatars. They found that during initial encounters those who interacted with avatars experienced more arousal than those interacting with virtual characters.

Finally, given that customers could express their emotions differentially to humans vs chatbots, emotion detection models based on human–human conversations such as those on Twitter may not be ideal for use in the development of customer service chatbots. Instead, real or simulated customer–chatbot conversations (see, e.g., Feng et al. 2022) might be more suitable for modelling emotions in task-oriented dialogues.



Conclusion

Chatbots have made tremendous progress in mimicking how people converse by extracting patterns from vast troves of examples. Casting a chatbot for the role of a customer service agent bestows on it a moral responsibility to address its relationships with customers. Empathic communication contributes to customer relationships by facilitating affect regulation during service encounters. Despite their conversational prowess, there are challenges to rendering chatbots empathic as people tend to express themselves less towards chatbots than humans.



References

	Abdellatif, Ahmad, Khaled Badran, Diego Elias Costa, and Emad Shihab (2021) “A Comparison of Natural Language Understanding Platforms for Chatbots in Software Engineering” IEEE Transactions on Software Engineering 48 (8): 3087–3102.

	Aggarwal, Praveen, Stephen B Castleberry, Rick Ridnour, and C David Shepherd (2005) “Salesperson Empathy and Listening: Impact on Relationship Outcomes” Journal of Marketing Theory and Practice 13 (3): 16–31.

	Albritton, Andrew (2017) “Emotions in the Ether: Strategies for Effective Emotional Expression in Text-Messages” Online Journal of Communication and Media Technologies 7 (2): 50–58.

	Appel, Jana, Astrid von der Pütten, Nicole C Krämer, and Jonathan Gratch (2012) “Does Humanity Matter? Analyzing the Importance of Social Cues and Perceived Agency of a Computer System for the Emergence of Social Reactions During Human-Computer Interaction” Advances in Human-Computer Interaction, vol. 2012, Article ID 324694, 10 pages, 2012.

	Argal, Ashay, Siddharth Gupta, Ajay Modi, Pratik Pandey, Simon Shim, and Chang Choo (2018) “Intelligent Travel Chatbot for Predictive Recommendation in Echo Platform” In 2018 IEEE 8th Annual Computing and Communication Workshop and Conference (CCWC), 176–183. IEEE.

	Arnett, Ronald C, Leeanne M Bell, and Janie M Harden Fritz (2010) “Dialogic Learning as First Principle in Communication Ethics” Atlantic Journal of Communication 18 (3): 111–126.

	Arnett, Ronald C, Janie M Harden Fritz, and Leeanne M Bell (2009a) Communication Ethics: Literacy Dialogue and Difference. Sage Publications.

	Arnett, Ronald C, Janie M Harden Fritz, and Leeanne M Bell (2009b) “Defining Communication Ethics” In Communication Ethics: Literacy Dialogue and Difference, edited by Ronald C. Arnett, Janie M H Fritz and Leeanne M Bell, 25–42. Sage Publications.

	Arnett, Ronald C, Janie M Harden Fritz, and Leeanne M Bell (2009c) “Interpersonal Communication Ethics: The Relationship Matters” In Communication Ethics: Literacy Dialogue and Difference, edited by Ronald C. Arnett, Janie M H Fritz and Leeanne M Bell, 119–136. Sage Publications.

	Aron, Arthur, Gary W Lewandowski Jr, Debra Mashek, and Elaine N Aron (2013) “The Self-Expansion Model of Motivation and Cognition in Close Relationships” In The Oxford Handbook of Close Relationships, edited by J. A. Simpson and L. Campbell, 90–115. Oxford University Press.

	Baker, Thomas L, Tracy Meyer, and Jean-Charles Chebat (2013) “Cultural Impacts on Felt and Expressed Emotions and Third Party Complaint Relationships” Journal of Business Research 66 (7): 816–822.

	Barrett-Lennard, T. Godfrey (1981) “The Empathy Cycle: Refinement of a Nuclear Concept” Journal of Counseling Psychology 28 (2): 91.

	Beattie, Austin, Autumn P Edwards, and Chad Edwards (2020) “A Bot and a Smile: Interpersonal Impressions of Chatbots and Humans Using Emoji in Computer-Mediated Communication” Communication Studies 71 (3): 409–427.

	Berger, Charles R. (2009) “Interpersonal Communication” In An Integrated Approach to Communication Theory and Research (Second Edition), edited by Don W Stacks and Michael B Salwen, 260–279. Routledge.

	Berger, Charles R. (2014) “Interpersonal Communication: Historical Foundations and Emerging Directions” In Interpersonal Communication, edited by Charles R. Berger, 33–26. De Gruyter Mouton.

	Bowen, Shannon A. (2020) “Communication Ethics as a Foundational Construct in Applied Communication Theory, Research, and Practice” In The Handbook of Applied Communication Research, edited by H. Dan O’Hair and Mary John O’Hair, 595–612. Wiley Online Library.

	Bradeško, Luka, and Dunja Mladenić (2012) “A Survey of Chatbot Systems Through a Loebner Prize Competition” In Proceedings of Slovenian Language Technologies Society Eighth Conference of Language Technologies, 34–37. Institut Jožef Stefan Ljubljana, Slovenia.

	Buck, Ross (1985) “Prime Theory: An Integrated View of Motivation and Emotion” Psychological Review 92 (3): 389.

	Buck, Ross (1990) “Rapport, Emotional Education, and Emotional Competence” Psychological Inquiry 1 (4): 301–302.

	Buck, Ross, Jeffrey I Losow, Mark M Murphy, and Paul Costanzo (1992) “Social Facilitation and Inhibition of Emotional Expression and Communication” Journal of Personality and Social Psychology 63 (6): 962.

	Burleson, Brant R. (2010) “The Nature of Interpersonal Communication” The Handbook of Communication Science (Second Ed), edited by Charles R. Berger, Michael E. Roloff and David R. Roskos-Ewoldsen,145–163, Sage Publications, Inc.

	Burleson, Brant R., Sandra Metts, and Michael W. Kirch (2000) “Communication in Close Relationships” In Close Relationships: A Sourcebook., edited by Clyde Ed Hendrick and Susan S Hendrick, 244–259, Sage Publications, Inc.

	Chaves, Ana Paula, and Marco Aurelio Gerosa (2021) “How Should My Chatbot Interact? A Survey on Social Characteristics in Human–Chatbot Interaction Design” International Journal of Human–Computer Interaction 37 (8): 729–758.

	Chebat, Jean-Charles, Moshe Davidow, and Isabelle Codjovi (2005) “Silent Voices: Why Some Dissatisfied Consumers Fail to Complain” Journal of Service Research 7 (4): 328–342.

	Cheney, George, Debashish Munshi, Steve May, and Erin Ortiz (2011) “Encountering Communication Ethics in the Contemporary World: Principles, People, and Contexts” In The Handbook of Communication Ethics, edited by George Cheney, Steve May and Debashish Munshi, 1–11. Routledge.

	Clark, Colin Mackinnon, Ulrike Marianne Murfett, Priscilla S Rogers, and Soon Ang (2013) “Is Empathy Effective for Customer Service? Evidence from Call Center Interactions” Journal of Business and Technical Communication 27 (2): 123–153.

	Clark, Leigh et al. (2019) “What Makes a Good Conversation? Challenges in Designing Truly Conversational Agents” In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems, 1–12.

	D’Cruz, Premilla, and Ernesto Noronha (2008) “Doing Emotional Labour: The Experiences of Indian Call Centre Agents” Global Business Review 9 (1): 131–147.

	Davidson, Bronwyn, Tami Howe, Linda Worrall, Louise Hickson, and Leanne Togher (2008) “Social Participation for Older People with Aphasia: The Impact of Communication Disability on Friendships” Topics in Stroke Rehabilitation 15 (4): 325–340.

	De Waal, BM Frans (2008) “Putting the Altruism Back into Altruism: The Evolution of Empathy” Annual Review of Psychology 59: 279–300.

	Deery, Stephen, and Nicholas Kinnie (2002) “Call Centres and Beyond: A Thematic Evaluation” Human Resource Management Journal 12 (4): 3–13.

	Derks, Daantje, Arjan ER Bos, and Jasper Von Grumbkow (2008) “Emoticons in Computer-Mediated Communication: Social Motives and Social Context” Cyberpsychology & Behavior 11 (1): 99–101.

	Dindia, Kathryn (2003) “Definitions and Perspectives on Relational Maintenance Communication” In Maintaining Relationships Through Communication: Relational, Contextual and Cultural Variations, edited by Daniel J Canary and Marianne Dainton, 1–28. Psychology Press.

	Edwards, Chad, Autumn Edwards, Patric R Spence, and David Westerman (2016) “Initial Interaction Expectations with Robots: Testing the Human-to-Human Interaction Script” Communication Studies 67 (2): 227–238.

	Feigenblat, Guy, David Konopnicki, Michal Shmueli-Scheuer, Jonathan Herzig, and Hen Shkedi (2016) “I Understand Your Frustration” In Proceedings of the 19th ACM Conference on Computer Supported Cooperative Work and Social Computing Companion, 25–28.

	Feng, Shutong, Nurul Lubis, Christian Geishauser, Hsien-chin Lin, Michael Heck, Carel van Niekerk, and Milica Gasic (2022) “EmoWOZ: A Large-Scale Corpus and Labelling Scheme for Emotion Recognition in Task-Oriented Dialogue Systems” In Proceedings of the Thirteenth Language Resources and Evaluation Conference, 4096–4113.

	Følstad, Asbjørn, Cecilie Bertinussen Nordheim, and Cato Alexander Bjørkli (2018) “What Makes Users Trust a Chatbot for Customer Service? An Exploratory Interview Study” In International Conference on Internet Science, 194–208. Springer.

	Frenkel, Stephen J, May Tam, Marek Korczynski, and Karen Shire (1998) “Beyond Bureaucracy? Work Organization in Call Centres” International Journal of Human Resource Management 9 (6): 957–979.

	Fresneda, Jorge, Jeremy Hui, and Chelsey Hill (2022) “Market Segmentation in the Emoji Era” Communications of the ACM 65 (4): 105–112.

	Gelbrich, Katja (2010) “Anger, Frustration, and Helplessness After Service Failure: Coping Strategies and Effective Informational Support” Journal of the Academy of Marketing Science 38 (5): 567–585.

	Gnewuch, Ulrich, Stefan Morana, and Alexander Maedche (2017) “Towards Designing Cooperative and Social Conversational Agents for Customer Service” In Proceedings of the 38th International Conference on Information Systems (ICIS), Seoul, ROK, December 10–13, 2017. Research-in-Progress Papers.

	Gray, Heather M, Kurt Gray, and Daniel M Wegner (2007) “Dimensions of Mind Perception” Science 315 (5812): 619–619.

	Groth, Markus, and Alicia Grandey (2012) “From Bad to Worse: Negative Exchange Spirals in Employee–Customer Service Interactions” Organizational Psychology Review 2 (3): 208–233.

	Guerrero, Laura K., and Peter A. Andersen (2000) “Emotion in Close Relationships” In Close Relationships: A Sourcebook., edited by Clyde Ed Hendrick and Susan S Hendrick, 171–183. Sage Publications, Inc.

	Gupta, Narendra, Mazin Gilbert, and Giuseppe Di Fabbrizio (2013) “Emotion Detection in Email Customer Care” Computational Intelligence 29 (3): 489–505.

	Gutek, Barbara A, Anita D Bhappu, Matthew A Liao-Troth, and Bennett Cherry (1999) “Distinguishing Between Service Relationships and Encounters” Journal of Applied Psychology 84 (2): 218.

	Harris, Ranida B, and David Paradice (2007) “An Investigation of the Computer-Mediated Communication of Emotions” Journal of Applied Sciences Research 3 (12): 2081–2090.

	Hasegawa, Takayuki, Nobuhiro Kaji, Naoki Yoshinaga, and Masashi Toyoda (2013) “Predicting and Eliciting Addressee’s Emotion in Online Dialogue” In Proceedings of the 51st Annual Meeting of the Association for Computational Linguistics (Volume 1: Long Papers), 964–972.

	Hatfield, Elaine, and Richard L Rapson (2011) “Equity Theory in Close Relationships” In Handbook of Theories of Social Psychology, edited by P. A. M. Van Lange, A. W. Kruglanski, and E. T. Higgins, 2:200–217. Glyph International London.

	Hayes, Javette Grace, and Sandra Metts (2008) “Managing the Expression of Emotion” Western Journal of Communication 72 (4): 374–396.

	Hegner, Sabrina M, Carlotta Lotze, and Ardion Daroca Beldad (2021) “Emoticons Are Not for Everyone: The Role of Congruence Between Hotel Brand Positioning Strategies and Communication Style in Enhancing Customers’ Brand Attitude and Booking Intention” Tourism and Hospitality Research 21 (3): 317–329.

	Henderson, Peter, Koustuv Sinha, Nicolas Angelard-Gontier, Nan Rosemary Ke, Genevieve Fried, Ryan Lowe, and Joelle Pineau (2018) “Ethical Challenges in Data-Driven Dialogue Systems” In Proceedings of the 2018 AAAI/ACM Conference on AI, Ethics, and Society, 123–129.

	Herzig, Jonathan, Guy Feigenblat, Michal Shmueli-Scheuer, David Konopnicki, Anat Rafaeli, Daniel Altman, and David Spivak (2016) “Classifying Emotions in Customer Support Dialogues in Social Media” In Proceedings of the 17th Annual Meeting of the Special Interest Group on Discourse and Dialogue, 64–73.

	Hu, Tianran, Anbang Xu, Zhe Liu, Quanzeng You, Yufan Guo, Vibha Sinha, Jiebo Luo, and Rama Akkiraju (2018) “Touch Your Heart: A Tone-Aware Chatbot for Customer Care on Social Media” In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems, 1–12.

	Huang, Chin-Yuan, Ming-Chin Yang, Chin-Yu Huang, Yu-Jui Chen, Meng-Lin Wu, and Kai-Wen Chen (2018) “A Chatbot-Supported Smart Wireless Interactive Healthcare System for Weight Control and Health Promotion” In 2018 IEEE International Conference on Industrial Engineering and Engineering Management (IEEM), 1791–1795. IEEE.

	Jenkins, Marie-Claire, Richard Churchill, Stephen Cox, and Dan Smith (2007) “Analysis of User Interaction with Service Oriented Chatbot Systems” In International Conference on Human-Computer Interaction, 76–83. Springer.

	Kralj Novak, Petra, Jasmina Smailović, Borut Sluban, and Igor Mozetič (2015) “Sentiment of Emojis” PloS One 10 (12): e0144296.

	Laubert, Christoph, and Jennifer Parlamis (2019) “Are You Angry (Happy, Sad) or Aren’t You? Emotion Detection Difficulty in Email Negotiation” Group Decision and Negotiation 28 (2): 377–413.

	Lee, Min Kyung, and Maxim Makatchev (2009) “How Do People Talk with a Robot? An Analysis of Human-Robot Dialogues in the Real World” In CHI’09 Extended Abstracts on Human Factors in Computing Systems, 3769–3774.

	Li, Xueni, Kimmy Wa Chan, and Sara Kim (2019) “Service with Emoticons: How Customers Interpret Employee Use of Emoticons in Online Service Encounters” Journal of Consumer Research 45 (5): 973–987.

	Lim, Sohye, and Byron Reeves (2010) “Computer Agents Versus Avatars: Responses to Interactive Game Characters Controlled by a Computer or Other Player” International Journal of Human-Computer Studies 68 (1–2): 57–68.

	Lin, Zhaojiang, Peng Xu, Genta Indra Winata, Farhad Bin Siddique, Zihan Liu, Jamin Shin, and Pascale Fung (2020) “Caire: An End-to-End Empathetic Chatbot” In Proceedings of the AAAI Conference on Artificial Intelligence, 34 (9):13622–13623.

	Lindquist, Kristen A, Ajay B Satpute, and Maria Gendron (2015) “Does Language Do More Than Communicate Emotion?” Current Directions in Psychological Science 24 (2): 99–108.

	Liu, Mingming, Qicheng Ding, Yu Zhang, Guoguang Zhao, Changjian Hu, Jiangtao Gong, Penghui Xu, Yu Zhang, Liuxin Zhang, and Qianying Wang (2020) “Cold Comfort Matters-How Channel-Wise Emotional Strategies Help in a Customer Service Chatbot” In Extended Abstracts of the 2020 CHI Conference on Human Factors in Computing Systems, 1–7.

	Ljubešić, Nikola, and Darja Fišer (2016) “A Global Analysis of Emoji Usage” In Proceedings of the 10th Web as Corpus Workshop, 82–89.

	Lopatovska, Irene, and Harriet Williams (2018) “Personification of the Amazon Alexa: BFF or a Mindless Companion” In Proceedings of the 2018 Conference on Human Information Interaction & Retrieval, 265–268.

	MacIntyre, Alasdair (2013) After Virtue. A&C Black.

	McFarland, Craig, and Elizabeth Glisky (2012) “Implementation Intentions and Imagery: Individual and Combined Effects on Prospective Memory Among Young Adults” Memory & Cognition 40 (1): 62–69.

	Mensio, Martino, Giuseppe Rizzo, and Maurizio Morisio (2018) “The Rise of Emotion-Aware Conversational Agents: Threats in Digital Emotions” In Companion Proceedings of the Web Conference 2018, 1541–1544.

	Mou, Yi, and Kun Xu (2017) “The Media Inequality: Comparing the Initial Human-Human and Human-AI Social Interactions” Computers in Human Behavior 72: 432–440.

	Nandwani, Pansy, and Rupali Verma (2021) “A Review on Sentiment Analysis and Emotion Detection from Text” Social Network Analysis and Mining 11 (1): 1–19.

	Nass, Clifford, and Youngme Moon (2000) “Machines and Mindlessness: Social Responses to Computers” Journal of Social Issues 56 (1): 81–103.

	Nass, Clifford, Jonathan Steuer, Ellen Tauber, and Heidi Reeder (1993) “Anthropomorphism, Agency, and Ethopoeia: Computers as Social Actors” In Interact’93 and CHI’93 Conference Companion on Human Factors in Computing Systems, 111–112.

	Neff, Gina, and Peter Nagy (2016) “Talking to Bots: Symbiotic Agency and the Case of Tay” International Journal of Communication 10: 4915–4931.

	Okita, Sandra Y, Jeremy Bailenson, and Daniel L Schwartz (2007) “The Mere Belief of Social Interaction Improves Learning” In Proceedings of the 29th Annual Meeting of the Cognitive Science Society. Vol. 3, 1345–1350.

	Patterson, Paul G, Michael K Brady, and Janet R McColl-Kennedy (2016) “Geysers or Bubbling Hot Springs? A Cross-Cultural Examination of Customer Rage from Eastern and Western Perspectives” Journal of Service Research 19 (3): 243–259.

	Pérez, José Quiroga, Thanasis Daradoumis, and Joan Manuel Marquès Puig (2020) “Rediscovering the Use of Chatbots in Education: A Systematic Literature Review” Computer Applications in Engineering Education 28 (6): 1549–1565.

	Polkosky, Melanie D (2008) “Machines as Mediators: The Challenge of Technology for Interpersonal Communication Theory and Research” In Mediated Interpersonal Communication, edited by Elly A Konijn, Sonja Utz, Martin Tanis and Susan B Barnes, 34–57. Routledge.

	Rapp, Amon, Lorenzo Curti, and Arianna Boldi (2021) “The Human Side of Human-Chatbot Interaction: A Systematic Literature Review of Ten Years of Research on Text-Based Chatbots” International Journal of Human-Computer Studies 151 (July): 102630.

	Rashkin, Hannah, Eric Michael Smith, Margaret Li, and Y-Lan Boureau (2019) “Towards Empathetic Open-Domain Conversation Models: A New Benchmark and Dataset” In Proceedings of the 57th Annual Meeting of the Association for Computational Linguistics, 5370–5381. Florence, Italy: Association for Computational Linguistics.

	Sacks, Harvey, Emanuel A Schegloff, and Gail Jefferson (1978) “A Simplest Systematics for the Organization of Turn Taking for Conversation” In Studies in the Organization of Conversational Interaction, edited by Jim Schenkein, 7–55. Academic Press.

	Sankar, Gopal Ravi, Jean Greyling, Dieter Vogts, and Mathys C. du Plessis (2008) “Models Towards a Hybrid Conversational Agent for Contact Centres” In Proceedings of the 2008 Annual Research Conference of the South African Institute of Computer Scientists and Information Technologists on IT Research in Developing Countries: Riding the Wave of Technology, 200–209. SAICSIT ’08. New York, NY, USA: Association for Computing Machinery.

	Shawar, Bayan Abu, and Eric Atwell (2007) “Different Measurements Metrics to Evaluate a Chatbot System” In Proceedings of the Workshop on Bridging the Gap: Academic and Industrial Research in Dialog Technologies, 89–96.

	Shawar, Bayan Abu, and Eric Steven Atwell (2005) “Using Corpora in Machine-Learning Chatbot Systems” International Journal of Corpus Linguistics 10 (4): 489–516.

	Shechtman, Nicole, and Leonard M Horowitz (2003) “Media Inequality in Conversation: How People Behave Differently When Interacting with Computers and People” In Proceedings of SIGCHI Conference on Human Factors in Computing Systems, 281–288.

	Sheehan, Ben, Hyun Seung Jin, and Udo Gottlieb (2020) “Customer Service Chatbots: Anthropomorphism and Adoption” Journal of Business Research 115: 14–24.

	Sheldon, Kennon M, Liudmilla Titova, Tamara O Gordeeva, Evgeny N Osin, Sonja Lyubomirsky, and Sergei Bogomaz (2017) “Russians Inhibit the Expression of Happiness to Strangers: Testing a Display Rule Model” Journal of Cross-Cultural Psychology 48 (5): 718–733.

	Shen, Alice (2018) “HSBC’S Amy and Other Soon-to-Be Released AI Chatbots Are about to Change the Way We Bank” South China Morning Post, January.

	Shorland, Joanna, and Jacinta M Douglas (2010) “Understanding the Role of Communication in Maintaining and Forming Friendships Following Traumatic Brain Injury” Brain Injury 24 (4): 569–580.

	Simon, Françoise (2013) “The Influence of Empathy in Complaint Handling: Evidence of Gratitudinal and Transactional Routes to Loyalty” Journal of Retailing and Consumer Services 20 (6): 599–608.

	Skjuve, Marita, and Petter Bae Brandzaeg (2018) “Measuring User Experience in Chatbots: An Approach to Interpersonal Communication Competence” In International Conference on Internet Science, 113–120. Springer.

	Sparrow, Robert, and Linda Sparrow (2006) “In the Hands of Machines? The Future of Aged Care” Minds and Machines 16 (2): 141–161.

	Spring, Timo, Jacky Casas, Karl Daher, Elena Mugellini, and Omar Abou Khaled (2019) “Empathic Response Generation in Chatbots” In Proceedings of 4th Swiss Text Analytics Conference (SwissText 2019), 18–19 June 2019, Wintherthur, Switzerland. CONFERENCE. 18–19 June 2019.

	Svikhnushina, Ekaterina, and Pearl Pu (2020) “Social and Emotional Etiquette of Chatbots: A Qualitative Approach to Understanding User Needs and Expectations” arXiv Preprint arXiv:2006.13883.

	Svikhnushina, Ekaterina, and Pearl Pu (2021) “Key Qualities of Conversational Chatbots–the Peace Model” In 26th International Conference on Intelligent User Interfaces, 520–530.

	Thoppilan, Romal, Daniel De Freitas, Jamie Hall, Noam Shazeer, Apoorv Kulshreshtha, Heng-Tze Cheng, Alicia Jin, et al. (2022) “LaMDA: Language Models for Dialog Applications” arXiv Preprint arXiv:2201.08239.

	Tian, Ye, Thiago Galery, Giulio Dulcinati, Emilia Molimpakis, and Chao Sun (2017) “Facebook Sentiment: Reactions and Emojis” In Proceedings of the Fifth International Workshop on Natural Language Processing for Social Media, 11–16. Valencia, Spain: Association for Computational Linguistics.

	Turing, Alan M. (1956) “Can a Machine Think” The World of Mathematics 4: 2099–2123.

	Waal, Francis de, and Evan Thompson (2005) “Primates, Monks and the Mind: The Case of Empathy” Journal of Consciousness Studies 12 (7): 38–54.

	Wang, Xuan, and Ryohei Nakatsu (2013) “How Do People Talk with a Virtual Philosopher: Log Analysis of a Real-World Application” In International Conference on Entertainment Computing, 132–137. Springer.

	Weizenbaum, Joseph (1966) “ELIZA—a Computer Program for the Study of Natural Language Communication Between Man and Machine” Communications of the ACM 9 (1): 36–45.

	Wieseke, Jan, Anja Geigenmüller, and Florian Kraus (2012) “On the Role of Empathy in Customer-Employee Interactions” Journal of Service Research 15 (3): 316–331.

	Wolf, Marty J, Keith W Miller, and Frances S Grodzinsky (2017) “Why We Should Have Seen That Coming: Comments on Microsoft’s Tay ‘Experiment,’ and Wider Implications” The ORBIT Journal 1 (2): 1–12.

	Xu, Anbang, Zhe Liu, Yufan Guo, Vibha Sinha, and Rama Akkiraju (2017) “A New Chatbot for Customer Service on Social Media” In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems, 3506–3510.

	Yeung, W L (2023) “Ethically Speaking: Opportunities and Risks of AI Chatbots Showing Empathy to Customers During Service Encounters” In Advances in Techno-Humanities: Case Studies from Culture, Philosophy and the Arts, edited by Mak Kin-wah, 143–153. Routledge.

	Yin, Peifeng, Zhe Liu, Anbang Xu, and Taiga Nakamura (2017) “Tone Analyzer for Online Customer Service: An Unsupervised Model with Interfered Training” In Proceedings of the 2017 ACM on Conference on Information and Knowledge Management, 1887–1895.

	Yngve, Victor H. (1970) “On Getting a Word in Edgewise” In Chicago Linguistics Society, 6th Meeting, 1970, 567–578.

	Zamora, Jennifer (2017) “I’m Sorry, Dave, I’m Afraid I Can’t Do That: Chatbot Perception and Expectations” In Proceedings of the 5th International Conference on Human Agent Interaction, 253–260.







5 DH-XR Extended Reality’s Relevance to the Digital Humanities

Erik Champion and Hafizur Rahaman

DOI: 10.4324/9781003195269-6



Introduction: Issues and Challenges

Heritage is linked to what is inherited; customs, practices, places, and artifacts (among other objects and activities), are passed on from one generation to another. This passing on of cultural knowledge beyond the original person separates the cultural from the merely social, cultural heritage endures, but it requires active work to both preserve the object (or ritual or belief) and also pass on the vital knowledge required for the care and custodianship of cultural heritage, both tangible and intangible.

In a world where physical heritage is subject to ever-increasing decay from development, visitation, and climate change, experts seek to preserve heritage by digital recordings wherever they are able to. But virtual heritage (virtual reality [VR] serving the aims of digital cultural heritage) has, arguably, performed abysmally as a preservation medium, and unreliably as a communication medium.



Where to Find Virtual Heritage?

Working, popular, and useful virtual heritage projects are difficult to find. Alonso Addison (former UNESCO World Heritage expert adviser and past President of the Virtual Systems and Multimedia conferences), warned (Addison, 2008) that there is a “vanishing virtual.” Professor Hal Thwaites, another ex-President of VSMM also declared digital heritage projects disappear faster than the real heritage sites, artifacts, and practices that they attempt to capture and communicate (Thwaites, 2013).

Partly, this is because of the sophisticated equipment and technical knowledge required. The Digital Preservation Coalition’s report: The ‘Bit List’ of Digitally Endangered Species – “Digital materials in museums and galleries” warned (Digital Preservation Coalition, 2019):

3D digitisation is a particular challenge for museums as preservation standards are deficient and easily overlooked in the enthusiasm for fashionable or eye-catching trends which purport to extend access. Moreover, this sector is incredibly diverse and different needs are likely to exist in different kinds of museum or gallery.



Collating and storing digital heritage is a global issue, we lack a way to provide access to these models, sites, and paradata (defined by the London Charter [Denard, 2009] as “Information about human processes of understanding and interpretation of data objects.”) If we are unable to access, use, and reuse these models, we are wasting a great deal of time, hardware, and energy.

Despite charters such as the London Charter and the Seville Charter, there is no shared standardized evaluation data, many scholars have complained about user experience issues and a scarcity of suitable pedagogical material (Deutschmann & Panichi, 2010; So & Seo, 2018; Vocaturo et al., 2019).



Diversity Issues with 3D Models

A serious technical obstacle is the absence of a shared, secure, feature-rich format for 3D models (Champion, 2019). International efforts to remedy the above issues include work by 3D Icons (3DHOP), Europeana Collections, Smithsonian Institute X3D BETA, the Fraunhofer Institute, Ariadne, CARARE, EU EPOCH, and V-MUST. However, models are still difficult to find, download, or otherwise retrieve, or evaluate for their level of engagement and pedagogical effectiveness. Plus, there is the problem of which 3D format to choose, maintain, and preserve, there are over 140 3D file formats (McHenry & Bajcsy, 2008).

3D models are not centrally stored, evaluated, or preserved. Digital 3D models and landscapes have not been systematically included as part of many ICOMOS reports to UNESCO on world heritage applications. The few existing and accessible digital heritage projects, while impressive, are too often not maintained, expensive, or inaccessible. In a few cases, such as for the Notre Dame Cathedral, restorers may be able to contact a commercial game company, like Ubisoft, to retrieve a precise and sophisticated model (MacDonald, 2019).

This is also an academic infrastructure problem. With the help of Dr Hafizur Rahaman, I surveyed leading conferences in virtual heritage and related areas from 2013 to 2017 (VSMM, CAA, CIPA, EuroMed, Digital Heritage). The great majority of the 1483 combined papers do not link to accessible, working 3D models and related digital assets. Or, if they do, they seldom provide access to 3D models and when they do so, the access is limited, and the software no longer works (Champion & Rahaman, 2019). Out of 1483 papers reviewed, only 9 papers had accessible links to the 3D digital heritage models under discussion. As a research field, virtual heritage is not yet an effective preservation medium. Scholarly publications are usually based around stand-alone projects. Famous virtual heritage examples, such as Ancient Rome or the Forbidden Palace, may have secured millions of dollars in commercial investment and government funding, but they are no longer accessible.



e-Waste and the Cost of Personal Computing

Although digital models are in a sense, virtual, they are created and maintained via real-world resources. The environmental costs of virtual heritage have seldom been investigated (Champion & Rahaman, 2019). Ironically, virtual heritage itself can disappear faster than the heritage it is meant to simulate; it has not yet proven to be a successful preservation medium let alone an effective source of public education and dissemination.

In a marriage of VR and cultural heritage, virtual heritage seldom incorporates the outside world, it is typically a closed-off magic circle. The closed-off magic circle may soon change. With recent improvements in performance, features, robustness, and accessibility of augmented reality and mixed reality (MR), virtual heritage may soon include local and contextual aspects of the place (via augmented virtuality or MR), and also simulate internal and external factors as they change heritage sites, natural landscapes, and larger or smaller ecosystems.

MR in particular has interesting educational opportunities; it can let the place in, convey the external environment without requiring a huge amount of technology, and also bring participants closer to the wider environment. The improving technological potential of game engines may also see more instances of digital models turning into predictive simulations, to allow tourists and travelers to see more detailed and contextual reactions to their decisions. They may also provide us with the capability of viewing and better understand extremely place-dependent and interactionally intricate flora, fauna, or culture. Uniquely situated language is a harder task, but there are still game solutions that may help communicate site-specific aspects of language and the effect on the local language by tourism or by other threats.

Although virtual heritage should be related to heritage’s overarching aim of preservation, a myriad of issues may stymie the full effectiveness of virtual heritage to communicate cultural diversity. On the other hand, virtual, mixed, and augmented reality (extended reality) may help communicate environmental impacts and issues.

VR also has problems of obsolescence and expertise requirements and commercial serious games do not last (Champion, 2015). The problem of e-waste from the perceived and designed obsolescence of digital entertainment games persists (Moore, 2009).

Moore suggested “Gamers may be able to reduce the accumulation of e-waste by supporting the disintermediation of the games retail sector by means of distribution” but that only removes one layer of e-waste. However, Moore also suggested that we ensure:

…digital consumers have access to morally and ethically aware consumer decisions, but also that they enjoy traditional consumer freedoms, such as the right to sell on and change or modify their property.



Tom Bawden (Bawden, 2016) predicted the following: “Global warming: Data centres to consume three times as much energy in next decade.” In 2018, John Harris (2018) warned us:

If you worry about climate change and a cause célèbre such as the expansion of Heathrow airport, it is worth considering that data centres are set to soon have a bigger carbon footprint than the entire aviation industry.



We should also be worried about the communications industry in general:

Irrespective of the good work carried out by some tech giants, and whether or not you take seriously projections that the entire communication technology industry could account for up to 14% of carbon emissions by 2040, one stark fact remains: the vast majority of electricity used in the world’s data centres comes from non-renewable sources, and as their numbers rapidly increase, there are no guarantees that this will change.



Because they are growing so fast, data centers are perhaps excellent targets to push for renewable energy. Much can still be done in the area of automation and artificial intelligence to cut personal consumption (Gupta & Singh, 2012), but one can suggest:


	Avoiding reliance on graphics can diminish the need for power-hungry graphics and chips.

	Reuse of both hardware and software can help cut the consumption of expensive and rare minerals.

	Developing non-digital prototypes using cheap and more environmentally responsive media is possible and desirable.

	We can use rhetorical methods and visualization examples in serious games and virtual environments to explain the environmental impact.



This raises the question of whether virtual heritage (or other related fields) could create a community-based portal of distribution to remove e-waste generated by conventional, physical delivery.



Serious Gaming’s Design Problem

An intriguing challenge is how to create engagement with digital heritage. There are few shared and comprehensive examples of interaction design in virtual heritage projects, and many appear lifeless (Musa et al., 2018). This is partly because virtual heritage arguably inherits both the technical challenges of VR (Chong et al., 2018) and educational challenges, such as how to create digital projects that both engage and educate.

The field of virtual heritage has – arguably – not significantly advanced in user experience design. Virtual heritage projects typically lack rich user experiences tied to the cultural significance of the heritage project. This is in part because user-testing has typically happened at the end of projects, and the projects have not been developed with end-users and their learning environment in mind, and this has also affected digital heritage examples in Australia (Leader-Elliott, 2003). Virtual heritage poses problems for adoption in classroom teaching (Rizvic et al., 2019) and museum games designed for certain demographics can fail to consider the wider audience or even their own staff.

In 2021, Accenture reported that gaming was the new ‘superplatform’ and worth USD300 billion worldwide, with 2.7 billion gamers (Accenture, 2021). The market cap (the total dollar market value of a company’s outstanding shares of stock) of the largest publicly traded game companies (CompaniesMarketCap.com, 2022) has been valued in the trillions (Microsoft) or hundreds of billions (Tencent and Sony). In 2022, Epic Games raised USD2 billion for its ambitions on the Metaverse (Epic Games, 2022), and Facebook allegedly spent five times that on the Metaverse in just one year, 2021 (Bradbury, 2022). Given the power and reach of games and gaming technology, along with their development of user content, and user-oriented design tools, gamification of cultural heritage has appeal. While gamification offers some advantages (Nah et al., 2014), gamification of heritage can impede the public’s sense of authenticity and transfer of meaningful learning. It is not yet clear whether gamification principles can be used to help community groups and academics learn and address, say, UNESCO’s Criteria for Memory of the World Classification and storage.



Feedback and Evaluation

Given the above, what is the best strategy and practice for evaluation? If deployed during a VR or serious games experience, questionnaires can disrupt a person’s sense of presence in a virtual environment. Conducted after the experience, they risk receiving answers based on false memory or innocent attempts to please the evaluator who is often also the designer.

How do we evaluate 3D heritage models in terms of how they convey their cultural significance: the aesthetic, historic, scientific, social, or spiritual value (of digital heritage) for past, present, or future generations?

While the meaning and importance of the cultural significance of physical heritage sites and related artifacts and intangible heritage has been successfully incorporated into UNESCO policies and procedures, thanks to the Australian Burra charter, neither 3D digital heritage models nor the interaction that communicate to non-experts the reason for their existence, is explicitly covered in the Burra Charter or the UNESCO Memory of the World Guidelines, either in Australia or across the globe.

There are various specific projects offering evaluation frameworks, such as LEAP (Pujol-Tost, 2018), Emotiv (Economou et al., 2018), I Sho U (Kocsis & Kenderdine, 2015), and meSch (Petrelli, 2019). However, the entire field requires new forms of evaluation, participation, and interaction design that can be shared independently of specific environments and provide useful data to demonstrate how communities can learn about, design, and transfer their knowledge of historic environments through immersive and engaging digital technology.

We can extract interaction design methods to communicate historical events and theories in serious games and interactive environments, attempt to classify them, and relate them to standard, generic evaluation methods and criteria that can lead to UNESCO Memory of the World document history criteria and World Heritage Library hosting and archiving. This necessitates a streamlined meta-study of evaluation methods in virtual heritage, documented interaction design methods, and archival accessible 3D datasets (in academic and institutional repositories), to develop synthesized evaluation methods for virtual heritage projects, tied to a simple content-based workflow, with the capacity for crowd-sourcing, checking and modification by experts, and designed for use by university students and possibly secondary schools.

Given this emphasis on participation, I propose a new evaluation method that may be suitable, ‘teach aloud,’ where participants have to tutor new participants (in their own words) on how to choose interaction pathways when designing virtual heritage projects. Participants would be evaluated on how well they understand the simulated heritage through designing play and guiding others, rather than by play per se, and ideally, the prototyping methods would be reviewed and compared.



Alterity and Cultural Awareness

Although evaluation and feedback have traditionally been based on conventions in computer science, namely, human–computer interaction studies, there is a specific humanities-related element that has seldom been evaluated. Virtual heritage has traditionally been viewed as a merge of VR applied to cultural heritage, but it has been slow to tackle issues of shareholder information, meaningful learning, and rich explorations of contested heritage. A few critics have questioned the emphasis of technology on cultural impact and social issues (Cameron & Kenderdine, 2010), but there seems, so far, to be little response from the makers of virtual heritage projects.

One could ask why, or one could formulate ways in which the design of virtual heritage projects could support rather than stymie or avoid issues of cultural contestation, including issues of colonization, cultural appropriation, intellectual property rights, and ‘Westernization’ and ‘museumization.’

How do we share and improve the use of 3D digital models for heritage purposes? I suggest there are four key issues: ownership of the detailed 3D simulations and other digital assets of virtual heritage projects; the role of local shareholders in these digital creations; the needs and requirements of educators and the Galleries, Libraries, Archives, and Museums (GLAM) sector; and the preservation issues arising from the development of new software formats and the accelerating obsolescence of hardware.

Recent developments in social media and the wider field of digital humanities and Open Access eScience fields promise some solutions to these issues.

Firstly, inspired by digital humanities ePublishing initiatives, the possibility of freemium software repositories could be encouraged to give some level of control and ownership back to the creator.

Secondly, the development of component-based 3D model assets would allow for further modification by communities of scholars or shareholders, coupled with the proliferation of online public digital repositories that can include the collection and dissemination of 3D models through collaborative online publishing platforms.

Thirdly, increasing the use of non-obtrusive evaluation mechanisms to record user engagement and feedback could minimize disruption to the participant. I propose we could explore ways to encourage learning through contestation and deliberately offering fragmented, incomplete pieces of knowledge that can only make sense from embedded perspectives. I will also suggest methods, such as “teaching aloud” that will allow us to gauge how effective learning has been, adopt feedback from the audience, and participate in the teaching of the heritage content as an explorative medium.

Fourthly, for preservation to continue and increase, we need to find formats that are scalable and robust and provide for the majority of features required by the public, cultural organizations, and scholarly communities. Institutes such as ICOMOS could provide us with greater information as to what is required from 3D heritage models and related repositories, and how components of these 3D models could dynamically link to scholarly publications, charters, and white papers.

Fifthly, despite these technical questions, there is also an important conceptual issue: what exactly are we communicating that requires this considerable amount of time, equipment, and energy? I suggest we are creating these virtual, interactive, immersive environments to better communicate the local and unique cultural significance of the original site, artifact, or cultural practice. And that cultural significance is first and foremost to another: the heritage object or activity was specifically significant to them in a way that may not be immediately clear to or valued by us. The power here of XR is to be able to convey the cultural context, constraints, fragility, or otherness as a type of presence. It is not merely trying to create a digital twin, simulacra, a 1:1 digital representation of something physical.

On this concept of cultural presence, Laia Pujol-Tost wrote “The concept [cultural presence] was imported into the cultural heritage field by Erik Champion (2005), and was subsequently developed in several publications (Champion, 2007, 2015)” (Pujol-Tost, 2017). Although I did define the term (but in 2002), recent EU projects such as Emotive (York and international partners) or LEAP (UPF Barcelona and partners) have adopted elements of my theory of cultural presence as a guiding design aim, and as evaluation criteria, with limited success. Their research so far has not demonstrated how cultural presence communicates the cultural significance of the virtual heritage project. So, there is great scope to test whether a new, modified theory of cultural presence can improve the communication of cultural significance, and a sense of situated inhabitation (cultural presence) and encourage the public to take a more active interest and participation in heritage preservation.

We could reformulate the above challenges as:


	3D models are not widely considered to be part of documentary heritage.

	3D models in interactive environments are not typically used as scholarly arguments.

	The limitations of cultural presence (either in terms of evaluation or pedagogy) in current international virtual heritage projects (Aydin et al., 2017).



The long-term goal here is to show how digital cultural heritage can convey cultural significance through enhanced play, interactivity, and immersion. Awareness of cultural presence is predicated on understanding cultural alterity, and viewpoints different from one’s own. But by attempting to communicate the aims and goals of heritage and humanities content, the public would be offered the opportunity not only to share but also to reflect.



Promising Trends and Solutions

As it provided both an overall simulated virtual environment and can afford different types of interaction, VR is suited to conveying processes and can be modulated to respond in different ways to different inputs. Recent case studies in VR indicate that it can, for example, increase learning and promote empathy. For instance, Robert Bright noted that VR has great potential for communicating environmental crises, especially to people who do not think environmental changes will personally affect them (Bright, 2017).

As it only provides an additional layer to the real world around us (rather than replacing it entirely, as VR does), augmented reality (AR) can be much cheaper, and use contextual clues in the real world, it is well-suited to the lighter and more portable but typically less powerful medium of smartphones. MR sits between the two (although was initially also used to describe the entire spectrum, from AR to totally VR), and these three terms have sometimes confused people. The newer term, extended reality (XR), has been defined in many different ways, I suggest considering it as a term developed to cover the entire spectrum of mixed, AR, or VR, with the added capacity to automatically sense and reconfigure digital content to work on individual devices (phones, laptops, or VR head-mounted displays) without bothering the end-user or creating extra work for developers (Knronos Group, 2022). XR software also includes computer vision (so it can sense the world around you) and promises to run in an internet browser without having to be download specific software (as many museums and galleries have discovered, visitors can be reluctant to download specific applications for a once-only museum or gallery experience).



Immersive Literacy

There is an interesting further development due to these new, more complex, immersive, and interactive virtual environments. The emerging importance of the virtual realms suggests we may be compelled to develop new skills beyond conventional information literacy or even digital literacy. The Association of College & Research Libraries defined information literacy as:

Information literacy is the set of integrated abilities encompassing the reflective discovery of information, the understanding of how information is produced and valued, and the use of information in creating new knowledge and participating ethically in communities of learning.



Becker (2018) distinguished digital literacy from information literacy using the American Library Association’s definition: “Digital literacy is the ability to use information and communication technologies to find, understand, evaluate, create, and communicate digital information, an ability that requires both cognitive and technical skills.” Becker explained digital literacy’s required emphasis on guiding and encouraging not just technical but also cognitive skills in a digitally literate person. These skills can be summarized as discernment and judgment; understanding (of relationships between learning, privacy, and stewardship); ability to socially connect; and civic participation. I suggest digital literacy implies a more interactive and participative skill than information literacy but does not clearly show the importance of non-textual literacy skills.

The Council of Australian University Libraries (CAUL, 2015) quotes Gartner Research’s definition of digital dexterity: the “cognitive ability and social practice needed to leverage and employ various types of media, information and technology for advantage in unique and highly innovative ways that optimize personal and business value.”

As explained above, AR, MR, and VR, are now increasingly called XR or extended reality, it is not important to the participant whether their view is virtual, mixed between real or virtual, or the real world with some digital ‘augmentations’ overlaid. Ideally, they will be designed and experienced in the future across a variety of platforms, but this requires digital dexterity and there are specific skills and knowledge required to develop robust, widely accessible, and engaging XR-based games.

Educationalists have warned us that today’s younger generations learn from social media and computer games indicating we need a new form of education delivery (MacArthur Foundation, 2010). These new forms of media are fast-changing and highly interactive, hence their users are not just digitally literate; to be effective, they must also be digitally dexterous. Acquiring digital dexterity requires more effort than mere digital literacy.

The ALIA (Australian Library and Information Association, 2020) sets out their commitment to guiding creative learning with digital tools:

Adopting the guided inquiry approach to teaching and learning helps students to construct meaning, think creatively, and solve problems.



Of relevant interest here is ALIA’s focus on ‘Learning in the 21st century,’ their seven points can be condensed into five criteria for choosing appropriate learning software to help those people (in this case, librarians) guide others, along with criteria to help the learner. Ideally, the software should:


	Include suitable content in an appropriate, accessible space.

	Feature engaging personalizable content that can be examined in stages or detail.

	Afford opportunities for reflection, and, [adding media literacy] affords guides and learners the ability to construct meaning, think creatively, and solve problems.

	Provide multiple learning modes, media, and material and [adding digital dexterity]: critical engagement with media and lifelong learning.

	Allow collaboration.



From a designer’s perspective, this suggests the software should be suitable for a library (or wider GLAM partner) while providing ease of use for their community; guides can examine the learner’s progress at discrete points; it supports higher-order thinking related to the GLAM partner and community; guides can design, refer, or point to a variety of relevant information; the software suits a shared design space where guides can co-design with learners and other learners.

From a learner’s perspective, the software should be accessible; personalizable; can be paused, or taken up at different points, with the potential to be modified creatively; allows a variety of input and output with critical engagement; can be shown to others and shared. These are all possible with developments in XR.

While it is true that digital humanities has often had a textual focus (Liu, 2013), and the GLAM sector is a key partner and collaborator in digital humanities projects, they also host many non-textual sources (paintings, photographs, multimedia, games, and sometimes digital 3D models and 3D printing facilities). They also provide space and resources for informal and hands-on learning, workshops, hackathons, etc. These workshops increasingly include game design or lessons on how to use or design XR apps.

It is important to note here that Visual Literacy (Bowen, 2017) includes non-visual senses, and can incorporate the pedagogical advantages of dual coding (Boser, 2019) but is not necessarily proprioceptive and kinesthetic. And XR can greatly improve its development of the multimodal and multisensory (Schraffenberger & Heide, 2016), better leveraging participants’ sense of embodiment. Therefore, for XR, (and related immersive games) we require a new term: immersive digital literacy. Neither digital literacy nor digital dexterity quite covers the need to educate say, digital humanities specialists (as would-be game designers) on how participants must learn to orient and navigate themselves with immersive media.

For example, when participants first wear a Microsoft HoloLens v.1 MR headset (Figure 5.1) and are asked to click the MR object in order to move it, they hold their fingers away from the camera not side on to the camera. So, the HoloLens cannot see the participant’s fingers gesticulate. Moving up or down or in quick rotations in VR headsets can also lead to nausea, and objects in many VR headsets appear very differently to how they are in real-life (apparent differences or sizes can be deceiving; text can be hard to read). And a conventional understanding of digital literacy applied directly to VR makes little sense as reading is so much more difficult in most virtual environments.


[image: An exhibit depicts a young boy with HoloLens, moving his fingers to control virtual hologram.]
Figure 5.1 Mixed reality at Ballarat Heritage Weekend 2018: fingers sideways to Microsoft HoloLens’ camera enables the HoloLens to select and virtually move a virtual ‘hologram’ (that only the boy can see, overlaid on his view of the real world).

Digital literacy and digital dexterity may now cover aspects of different media, but VR, MR, and AR, also require users to learn how to immerse themselves (in terms of embodiment) in a digital scene, while still learning effectively about content. For example, serious games are games with ‘serious’ content (or serious learning aims), but still require challenging goals, a variety of potential strategies, rewards, and feedback. When serious games in a library are designed for end-users (participants), the designers need to learn not just how to design the game as a system, but they need to stage the game, so it engages the learner, and orchestrates, guides, or facilitates the learner to the end goals while the learner is learning how to act and think in a virtual or augmented realm. So, we could add a criterion to the above five criteria: does the software convey the immersed experience of XR?

Tools such as ARKit and ARCore can create virtual and augmented reality, but commercial game engines require powerful, dedicated machines, licenses, and much time to design and maintain, beyond the scope of many librarians. Lifespan-wise, XR software can die quickly and suddenly, such as Mixare and Junaio, but this is also true for web-based 3D (Adobe Atmosphere, High Fidelity) and VR devices.

Three criteria are better used for assessing the XR-learning content when it is developed:


	Helps learners critically engage with media, construct meaning, think creatively, and solve problems.

	Provides multiple learning modes.

	Prepares and educates on specific features and requirements of immersive environments.





An Open Participatory Game Design Framework

There are many attempts to solve the preservation issue, but few scholars are concentrating on the specific interaction design issue of creating educational and engaging virtual heritage environments that leverage the advantages of gamification without trivializing the heritage content. Gamification has great promise for virtual heritage (Stone, 2005), but it can lead to a trivialization of the depicted content and the tasks performed or goals achieved in games (Champion & Dave, 2002).

To address these problems, I defined a notion of cultural presence, distinct from social presence, for merely social avatars do not necessarily help create a cultural heritage environment (Champion, 2005). Although I introduced the theory of cultural presence to virtual heritage, it needs to be re-evaluated and reformulated, we need more specifically useful forms of evaluation, and we need to appropriate but modulate the engaging elements of games (games are challenging and engaging learning environments) so heritage values are understood but not overly gamified.

Could we apply methods in user experience design, and could theories of game design help? Some have suggested museums require more dynamic, interactive content (Griffin & Paroissien, 2011). Yes, we could apply games, as games provide engaging challenges (Champion, 2003), but in practice, serious games are not engaging challenges (Champion, 2016) while heritage games need to inspire at the community level (Smith & Waterton, 2013).

Thus, cultural heritage is participatory, dynamic, discursive, and social. Yet most virtual environments and serious games are not. Given the collaborative, participatory, and pedagogical traits of cultural heritage, I argue the public and educators learn more from designing games to communicate history than from playing them.

A more effective educational and engaging medium is a scalable framework of 3D heritage models and interaction design patterns to communicate cultural significance, not relying on a closed, specific technology soon to be superseded.

A Participatory Game Design Framework (PGDF), researching how visitors learn by designing games to convey cultural significance, has a singular advantage, it does not have to be high-cost, highly technical, or even digital. By concentrating on player-to-player interaction, such a framework might help us spot flaws in engagement and in learning before wasting money and resources in developing digital heritage, and, especially, virtual heritage.

Game scholars have also argued that preservation depends on active reuse (Ndalianis et al., 2015). Given the vast number of inaccessible legacy models and siloed projects, engaging but also modifiable interaction is required, incorporating feedback from both the general public and heritage experts. How to ensure up-to-date content that communicates specific cultural significance in an educational and engaging way stays relevant to the general public? Encourage the end-users to participate in the design and maintenance of interaction with the content. A participatory game framework: shareholders design the interactive content, which streams dynamically at runtime. A framework that combines the engaging elements of games but in a way that allows participants to tackle the cultural issues of the simulation, through design.

I propose the following schema for an open, PGDF, with input and critique from the community, public, and experts throughout the design process (Figure 5.2). The components will ideally not be locked into a specific technology, and the interaction design patterns can be shared independently of the final project (Gauvin, 2015). User engagement and understanding will be assessed through how they teach others because the value of heritage is in learning through preserving and communicating culturally specific forms of knowledge.


[image: An exhibit depicts an integration framework of place, artifact, core gameplay, knowledge, rewards, punishments.]
Figure 5.2 Participatory Game Design Framework (PGDF).

Game scholars have argued preservation depends on active reuse (Ndalianis et al., 2015). Given the vast number of inaccessible legacy models and siloed projects, engaging but also modifiable interaction is required, incorporating feedback from both the general public and heritage experts. How to ensure up-to-date content that communicates specific cultural significance in an educational and engaging way stays relevant to the general public? Encourage the end-users to participate in the design and maintenance of interaction with the content. A participatory game framework: shareholders design the interactive content, which streams dynamically at runtime. A framework that combines the engaging elements of games but in a way that allows participants to tackle the cultural issues of the simulation, through design.

One major aspect missing so far from the field of virtual heritage is the accumulation and synthesis of useful interaction design methods to communicate historical events and theories in serious games and interactive environments, and to classify them and relate them to standard, generic evaluation methods and criteria aligned with specialized UNESCO Memory of the World document history criteria and World Heritage Library hosting and archiving.

We lack studies comparing these interaction design guidelines to the current project’s interaction design and evaluation criteria. This necessitates a streamlined meta-study of evaluation methods in virtual heritage, documented interaction design methods and archival accessible 3D datasets (in academic and institutional repositories), synthesized evaluation methods, tied to a simple content-based workflow, with capacity for crowd-sourcing, checking, and modification by experts, designed for use by university students and secondary schools.

More research into how 3D models and interaction and collaborative learning can help communities learn about and transfer their knowledge of historic environments through immersive and engaging digital technology is required. But these research studies can also help advance the field in exploring how to communicate the cultural significance and the uniquely situated aspects of tangible and intangible cultural heritage.

Hence, we need more pedagogical material, better evaluation criteria for the GLAM sector (especially museums), and modifications of the existing technological infrastructures (online 3D model hosts and related software) to track usage and provide interactive pedagogical tools and tracking mechanisms. 3D models are not widely considered part of documentary heritage and 3D interactive models are not typically used as scholarly arguments, nor have we greatly explored how the community can use, learn from, and redeploy virtual heritage projects. There are also limitations to the application of cultural presence (either in terms of evaluation or pedagogy) in current international virtual heritage projects (Aydin et al., 2017).

Gamification may help explain the process of heritage classification (for example, UNESCO Memory of the World Heritage accreditation to help non-experts gain “Memory of the World” status for 3D heritage objects). But the gamification of heritage can impede the public’s sense of authenticity and meaningful learning transfer (Nofal et al., 2018; Romualdo, 2013; Weng et al., 2019) and it is not yet clear whether gamification principles can be best used to help community groups and academics learn and communicate the cultural significance of either simulated tangible heritage: artifacts and sites, or, intangible heritage: values, beliefs, and perspectives.

The schema for the PGDF (Figure 5.2) was developed over several years, at workshops given in: Doha, Qatar; in September 2018 and September 2019 at Turin, Italy; and in a workshop in Newcastle, Australia in December 2019. The game design steps were designed particularly for architecture and archaeology and museum studies students, but they are so generic they could also be applied to wider cultural heritage tasks.

Before designing a game, it is important to consider the components that make a game playable.


	What should be experienced and interacted with, as specifically as possible?

	Why create a specific experience in a game? (Our objectives?)

	Where will it be played? (What is the environment, the imaginative setting?)

	How to convey the experience of the site, artifact, or model?

	Systems, methods, or findings leading to engaging learning experiences?

	Reveal what is unknown or debated (how knowledge is established or contested)?

	Interpretative systems or to test, demo, pose, or test a scholarly argument?

	When will the player receive suitable feedback?



Once answers to the above questions are answered, the basic steps in designing the game are:


	Determine cultural, historical, or archaeological facts and interpretations of the site or model that are significant, hidden, or otherwise appropriate, engaging, or transformative to explore.

	Consider the environment it will be played in, not just the type of audience, together, alone, on a bus, in a lecture theater, or at a museum?

	Design a game rather than a virtual environment: choose a challenge (Roger Caillois’ modes of game experience or another appropriate theory), and how core game play affects and is affected by the modality of experience. #2 and #3 also give us an idea of a setting and theme.

	Define the core gameplay: what does the player typically do? Does the game scale, changing in effectiveness and complexity over time? Increasing complexity keeps interest.

	Develop a reward and punishment system; how do the rewards and punishments interact with the core gameplay and move the game along (i.e., trigger its mechanics)?

	End meaningfully. What is the end state? How will the game mechanics help us get there? Does reaching the end state create an intentional specific reflection, knowledge development, interpretation, experience, or another feeling in the player?





Digital Heritage and Digital Tourism

I further suggest that some of the above challenges can be resolved by the market that is helping fuel some of these problems: tourism. Tourists create huge environmental impacts, but they can also be bettered and educated on the consequences of their actions through research that funds their travel, both physical and virtual.

More educational virtual travel to heritage sites could both educate those virtual tourists who do not or cannot travel and prepare those potential tourists for the fragility and uniqueness of the places they do intend to visit. Research (Cegielski et al., 2001; Richards, 2018) indicates that although it is hard to calculate accurately, up to 39% of tourism is cultural tourism, visits to cultural heritage sites and events, and so forth. Other research suggests that travel is closely tied to popular media representations (Li et al., 2016), so digital representations may have a great impact on visitation decision-making.



Case Studies


Different Sensory Modalities

Many virtual heritage projects depend on vision, including phone-based applications. A vision-based AR project may require full attention or distract us from our surroundings. An alternative is to augment the world around us with a sensory medium that does not obstruct but layers extra information over our world. For example, Hafizur Rahaman developed a phone application using free software, triggered purely by the phone user. When traveling through the Australian outback, one can point the phone at an animal or plant (Figure 5.3), and the software scans and identifies the flora or fauna and speaks the local indigenous local name (Rahaman et al., 2021).


[image: An exhibit depicts a magnified image of a wildflower captured using a phone.]
Figure 5.3 Boolkaala (Banksia) is identified via the phone AR application (courtesy of Dr Hafizur Rahaman).



MR Travels through History

Using a Microsoft HoloLens and the Unity game engine, then PhD student Mafkereseb Bekele created a MR application for a shipwreck gallery (Bekele et al., 2021). On approaching specific parts of a collection in the gallery (a museum), two museum visitors can see a map on the floor appear and as they walk closer, a 3D reconstruction of one of the world’s first iron ships, the SS Xantho, will appear and travel along its historic route (Figure 5.4), but what is shown can differ depending on what the visitor is doing. Although they share the same real-world space of the museum, their MR layer may differ, but they may only be aware of their different MR layer on communicating with each other or working together on certain tasks (such as moving, selecting, or reconfiguring MR 3D objects or movies).


[image: An exhibit depicts a plot on the floor indicating the route of the S S Xantho iron ships.]
Figure 5.4 SS Xantho, WA Shipwrecks Gallery, Perth, Western Australia (courtesy of Dr. Mafkereseb Bekele).




Building VR Templates Others Can Adapt

Real-world GLAM institutes and collections often provide a textual, visual, non-visual, and non-textual experience. Museum studies also provide evidence that visitors want physical experiences, and to sense that other people are there as well (Hadley, 2017; Somers, 2018). Curators and interpretation specialists may be interested in VR and AR to engage younger users, as alternatives to text (Lynch, 2020), and to better disseminate significant elements of their collection.

Yet staff may not have the time, resources, or the requisite technical skills to develop interactive VR. For example, in 2020, to help resolve these issues, my colleagues and I created a virtual museum environment using the game engine Unity (Champion et al., 2021): we hoped to show the GLAM sector and humanities scholars they could display maps, photos, videos, and 3D models in a virtual museum setting, without complex programming (Figure 5.5). 3D game environments and full VR headsets can be used by librarians and visitors, but they are expensive, hard to maintain, and generally single-person experiences (displaying VR content on an external monitor does not suffice). Game engines and VR tools may prove too complicated, unreliable, or expensive, plus there are related health risks in sharing headsets. They have at least one advantage over AR/XR frameworks; it is far easier to prototype and develop full games in them.


[image: An exhibit depicts a  display of three - dimensional images in a virtual museum setting.]
Figure 5.5 Virtual museum template.



Reflection through Play

For example, at the digital humanities summer school in Turin, in September 2018, one group designed a game prototype to teach people the value of artifacts that were stored in Brazil’s national museum (Figure 5.6). A catastrophic fire destroyed much of the collection, and this game was designed to encourage people to explore and decide on the relative value of its holdings, to save the more precious and irreplaceable items before the fire destroyed them.


[image: An exhibit depicts a layout of a game prototype with multiple compartments.]
Figure 5.6 Saving Heritage, Brazil: game, DH Summer School, Turin (September 2018).



Summary

Despite the hype and broken promise of AR and VR devices over recent years, I suggest that XR has great potential for the humanities: to ease access and improve distribution across a range of platforms and devices, to augment and increase different sensory modalities and preferences; to provide for a wider audience with different learning needs and preferences, and to incorporate more elements of game design to encourage the public to engage more deeply and richly with social and cultural issues.

There are many impressive VR apps (Dutta, 2021; Graham, 2020) and the game engines are powerful, impressive, and engaging. Unity, for example, can import data and create impressive 3D, VR data visualizations. Games engage learners (students who visit cultural organizations), but commercial game engines still require dedication and time, and favor designers with a strong 3D spatial sense. VR is expensive, usually single-person, requires specialized and seldom portable equipment, and MR headsets are more expensive.

I understand that it is not clear how to communicate cultural significance, manage technical change, demonstrate specialized scholarly methods and principles, convey inhabitants’ viewpoints, link scholarly or intangible data, and appropriately help communities convey traditions, rituals, and beliefs. But it is for this very reason, for these very wicked design problems, that we should involve the public in the research and design of these solutions. Hence, I have suggested that an open participatory design framework is a worthwhile endeavor. We can develop new programs, and conceive and present curricula and content in a collaborative way, through a variety of methods, tools, and approaches, using a participative design framework.

That is also why I suggest we need to revisit our understanding of 21st century learning skills; digital and information literacy is not conceptually powerful enough for non-literary digital collections and for addressing a wider, younger, audience. Immersive digital literacy is more appropriate for GLAM XR content. XR promises access to a wider range of people, on a wider range of devices and platforms, but the driving goal of humanities, and specifically cultural heritage, must still be served: the cultural significance and value of these objects, practices, and beliefs should be meaningfully and effectively augmented by the technology, not diminished by it.
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Introduction

Late in the 20th century, as personal computers became more widely available, design enthusiasts began to take notice of the benefits of computer-aided design, which include high levels of both efficiency and precision as well as the ability to make modifications with relative ease. Among the different design disciplines of industrial design, environmental design, and visual communication, there are visible traces of software manufacturing. The proliferation of different software programs is directly linked to the fast advancement of computer technology. Selecting one or many helpful pieces of software to use has evolved into a critical step in the process of enhancing both productivity and quality in design outcomes. Computer-aided design (CAD) first follows the general design approach, which relatively focuses on functions, to complement design concept visualisations. Examples of the software include Photoshop and Illustrator. These programs are utilised primarily in visual communication, advertising, photography, media art, product design, and interior design.

Nevertheless, due to the elaboration from functionalism, some scholars propose that form should be determined more by utility than aesthetics when optimising design outcomes. Visual appeal and physical usability can be perceived as usefulness and create pleasant experiences for users using design outcomes. Thus, aesthetically pleasing interfaces and high usability measures contribute to the construction of user experiences. In other words, the design objectives should clearly centre on user experience rather than only form and function. No longer are two- and three-dimensional concerns the primary focus of design functions; instead, the focus is on the user’s whole experience. Some approaches, such as experience design and user-centred design, are proposed in design practice. Furthermore, the vast majority of comprehensive colleges and institutions offer humanity studies, including art and design, and one of the required classes for this specialisation is CAD software. There is a great deal of software for visualisation that is included in CAD. There are programs like 3dsmax and Rhino that are used for functional modelling and design. Architectural design, product modelling design, and post-effect rendering are just some of the many potential applications for engineering software like Alias and Pro-e. These domains include rendering, building visuals, and design outcomes modelling. The last type of design is mostly formed with three-dimensional concerns or visual communication software; therefore, designers may choose to focus on design concept formation and production. However, it is not easy to build up a sensitive awareness of human experience, particularly recognising the relevance of emotional issues, which can prevent CAD from serving its intended purpose (Alvarez, Velazquez, Gutierrez, & Enriquez-Zarate, 2018). This chapter investigates a possible approach to design research and progressively implementing it in future design practice. The emotion-adaptive engine recognises changes, analyses or intentionally influences emotions. Stimulation and emotion form the central axis of emotion recognition in the engine. The detections can explain the motivations behind users’ emotional reactions to the design outcomes or experience circumstances that serve as the emotional stimulus. However, there is little difference between the two from the majority’s viewpoint, and these words are used interchangeably throughout this chapter. To closely follow the steps of the design industry on emotion concerns, there is a niche need for designers to understand and manipulate computer-aided calibration systems.



Change of Design Nature

The first efforts to investigate design with a scientific and technological focus likely date back to the 1920s (Cross, 2001). That era discouraged any subjective conjecture in art and thinking. To create a new object, they needed a method or an objective system. This objective design vision stressed functionalism as the fundamental design ideology for establishing scientific design knowledge. However, since the various technologies were unreliable, designers failed to conduct systematic experiments with a wide range of considerations on design process factors, including materials, human resources, and time allocation. The framework of the design process and the significant role of the objectives and functions were not yet noted. Users had not yet fully formed their preferences and needs. Due to the lack of specialised production methods and a limited understanding of users’ needs, the process of design was inefficient.


Bauhaus Form Follow Function in 1950

Under the guidance of Walter Gropius, the German Bauhaus greatly influenced architects, designers, and engineers (Shane, 2008). Notably, Bauhaus masters, such as Wassily Kandinsky and Paul Klee, polished and formalised functionalism. The functionalists proposed the principle of ‘form follows function’. They pointed out that an object is made to achieve a proposed practical objective(s) rather than to look attractive. Some famous functionalism design outcomes are examples of products that adhered to this paradigm due to their rectilinear shapes and materials. The unselfconscious design, characterised by an unstructured interaction between form and circumstance, was transformed by the functionalists’ notion into a rather well-defined task. Since the functionalist’s design methodology was aware of the context of the design outcomes, rational, objective analysis was essential to the design outcomes (Alexander, 1964; Brown, 2004). Thus, design became a legitimate profession founded on scientific foundations. The design process began with a problem in the actual world. The designer was responsible for visualising the product’s context, also known as the product’s functionalities. These functions were then translated into schematics and abstract thinking of the product’s appeal, which subsequently materialised in a machine shop. As a result, functionalists advocated a new mechanical and mathematical scientific methodology as an essential material underpinning a successful, well-planned human civilisation (Anker, 2010). The romantic graphic depictions of nature that emerged from the Arts and Crafts Movement subsequently declined. The rationalist alignment of the Bauhaus stood in stark contrast to the emotional connection to nature. Instead, the fundamental usefulness of nature was reflected in Bauhaus design. It established the scene for design performance as mastery of geometrical order and exerted ever-increasing control over the design process.

After the closure of the Bauhaus in 1932, many of its architects and designers fled to the United States, where many went on to hold prominent academic positions in the field. Among those groups of U.S. design scholars, Alexander was influenced by the ideas of the Bauhaus. Under the concept of functionalism, the combination of form and context was described as an ensemble. The responsibility of a professional designer was to ensure every part of the design fit together well so that the interpretation and the form did not clash (Alexander, 1964). Simon (1969) was influenced by the concept of functionalism and recognised design as a search for a set of product characteristics that maximises how useful the product is. Based on the utility focus, Simon saw design as a search problem in which the designer had to find a set of design parameters that maximised user utility. The design outcomes’ utility function was determined by its performance specifications. The relationships between design function and design results greatly influenced the user utility of design outcomes in the following stage.



Birth of Macintosh in the 1980s

For designers, the arrival of style marked a significant change in design approaches. The era of the traditional sense of design outcomes ended as a consequence of enriched style with diversified materials as well as a design process changed by advanced technology (Kurtgözü, 2002). Design decisions like covering mechanical components in metal or plastic gave everyday items a sculptural quality. A new design movement towards diversified appeal and covered mechanical components resulted in a radical change in how consumers understood the design outcomes they bought. Hebdige (1988a) noted that the encounter of design outcomes and users, in this case, was less direct and simple. Styling acted as a mediator to allow the user to associate with even the most utilitarian design outcome via a connector. To rephrase, the phenomenon of style expanded beyond only objects. Instead, style took the role of an interface between people and the design outcome to improve the situation when the users used the design outcome. By purposefully dividing ‘the humanism and the mechanical’, ‘the beauty and the practical functions’, and ‘understanding and adoption’ (Hebdige, 1988b, p.97), style had a profound humanistic influence, causing broad sublimation of the design outcome (Hebdige, 1988b).

Design throughout the 1970s and 1980s was heavily influenced by humanism. The majority of designers recognised that human-centred design and social design were both ethical disciplines (Shneiderman, 2016). These concerns eventually grew to include a vision for design that was both comprehensive and spiritually rooted. The idea of human-centred design was based on the conviction that improvements in research methodology would, in the end, lead to gains in both empirical and theoretical knowledge. Concepts from experimental psychology were included in the development of microcomputer technology because of the growing concern for the interaction between humans and computers. Designers accessed a tool since the release of the Macintosh computer (Cohen, MacWhinney, Flatt, & Provost, 1993). This tool removed the need for programming. In order to do this, Macintosh made use of the interactive visual environment that computers made available. The interactive panels and conversation boxes of Macintosh inspired designers to adopt more components of a psychological experiment in graphic design and system design.




New Development in Design Nature and Practices

Efforts have been made to build and design results that are more aligned with the requirements and expectations of certain users. Designers employ tools like flexible manufacturing technologies and targeted marketing (Zhu & Qin, 2021). Focus group discussions and ethnographic research approaches in design have become more popular as part of a larger movement to include end users in the design process (Kurtgözü, 2002). During the same time period, product semantics emerged as an effort to facilitate the interaction that is assumed to occur between subjects and things. The emphasis on effective outcomes in technology-driven design domains is an attempt to blur the lines between humans and inanimate items in terms of thought and feeling (Barthes, 1994). For design professionals, the way in which humans emotionally respond to items has become of significant interest and significance in recent years, giving birth to the ‘design and emotion’ approach (Overbeeke et al., 1999). Emotional concerns in design are emphasised on the culmination of the current and recent ontology of subjects and objects, and as such, it merits more consideration. Design scholars bring the disagreement of design and emotion as well as the notion of experience before analysing its possible limits within the framework of the design. This enhanced design experience has led to an increased emphasis on developing not just design outcomes and communications but also experiences (Heskett, 2002). Alternatively, it is impossible to solely create an experience; design outcomes can only provide a conceivable experience (Wright & McCarthy, 2004). This development indicates that introducing emotional expectation as a kind of fundamental function is taken for granted. Those design outcomes are pointless if they cannot elicit users’ feelings and emotional responses. Hassenzahl (2004) argued that individuals have diverse opinions on design outcomes. Such views depend on how well the design outputs meet the demands of the consumers. The situational satisfaction of needs fosters good feelings (Hassenzahl, 2004). Desmet (2002) also noted that an emotion is not evoked by a design outcome but rather by the user’s judgement of the design outcome. Therefore, if designers want to promote particular pleasant feelings (Yoon, Desmet, & Van Der Helm, 2012), they must fully understand various user circumstances (Yoon, Pohlmeyer, Desmet, & Kim, 2020). Designers should understand that emotional reflections, both internal and external, affect decision-making, resulting in unique design outputs and design experiences (Ho, 2014a).


Different Approaches to Shaping Design Practices

The investigation on emotion and design was adopted at different levels in the design approaches that were carried out afterwards, such as participatory design (in the 1990s), user experience design (1993), universal design (2000s), inclusive design (2000s), and, finally, emotion design (2000s). Designers further considered user happiness and how features could be tailored to individual requirements. Some studies have explicitly linked technology design with user experience or results (known as participatory design), according to Fletcher-Watson et al. (2016). However, the absence of methodologically sound evaluation procedures for assessing technology may partly account for the disparate outcomes, as just a few studies have included control groups or follow-up assessments (Mansouri Benssassi et al., 2018; Grynszpan et al., 2014). Different degrees of aptitude and development rates must be taken into consideration during the design phase in order to address this issue, which sets great demands on technological aids. User experience design (Berni & Borgianni, 2021) is a strategy attached to emotion for establishing an emotional connection with visitors or customers via the meticulous planning of physical and intangible service components. Design experience providers (referred to as service providers) strive to cultivate client loyalty by aggressively creating, continually inventing, and controlling users’ experiences. This chapter examines the link between several design experience characteristics aimed to increase users’ satisfaction and loyalty. In addition, the study examines emotional reactions as mediators between physical and relational components and loyalty behaviours. The most recent social neuroscience on the social, cognitive, and emotional functioning of users with social–emotional differences is disseminated as part of universal design (Ho, 2014b). By strengthening a universal design environment, the application of a normative social and psychological framework offers a mechanism that improves the offering of design situations for all designers. Inclusive design means that different people can use the design in different ways with emotional attachment building. Inclusive designers try to reduce the unconscious exclusion of users in the design process and results and establish a variety of product experience modes of solutions. According to scholars, designers may use emotion design as a technique to express their thoughts and sentiments. It is a kind of experience and reaction attached strongly to personal emotional changes (Ho & Siu, 2012). A change in the conversation around design towards an increased focus on the idea of emotion and the implications it carries has occurred, as shown in Figure 6.1.


[image: An exhibit depicts a design model with collective and individual experience focus, exploring emotion implications.]
Figure 6.1 Different focuses among the various design approaches.

The above tries to shed light on the core preconceptions and enabling situations that have led to the recent emergence of sensitivity within or related to the design and emotion field. It is an overview of the vicissitudes that affect emotionally motivated design. Emotional reactions to previously developed items are analysed by design scholars so that they may be used to inspire the creation of design outcomes. These new design concepts support the new dimension of design from function to technology-driven with a better conceptual model in the design process to shape a better design experience for users and designers. That is why it is important to bring together several influential arts and design approaches as well as different stages of design and the most renowned philosophical frameworks to reconstruct a narrative on various design approaches.




Emotional Approach Introduced to Design Practices


Introduction of Emotion to Design

In recent decades, the art and design field has seen the rise of a new field of study that its creators have dubbed design and emotion. Design academics have been investigating techniques for engaging and evoking pleasant emotions among users through research on design and emotion. In 1999, a design research team at Delft University of Technology convened the inaugural conference on design and emotion and introduced many design practitioners and researchers to the concept of emotions in design for the first time. Since then, two further conferences have been conducted to solidify the issue and increase its visibility within the design community. Users experience more than they comprehend, yet they may not be able to recognise the emotional changes elicited by their experiences (Hummels, 1999; Biswas & Sil, 2015).

Long before the self-conscious emergence of design and emotion, Buchanan (1989) emphasised the importance of emotions in design as one of the three components of the design argument back in the 1980s. The close connections between design and emotions as well as the growing ontology of created greater contact between users and design outcomes were highlighted. According to Buchanan (1989), objects endowed with emotional traits tend to explore the connections and interactions with the design situation or persons around them when they experience emotional excitation because ‘emotional excitement is oriented outward’ (Buchanan, 1989, p.104). Because of this, when a design outcome is utilised as intended, its emotional appeal may bridge the gap between its users and the design objectives. Thus, it is important to take a look back at the reasons why such a concern with emotion originally gained popularity in the field of design (Kurtgözü, 2003). A criticism of the disappointments caused by contemporary commercial culture is included in the pursuit of emotions and more intense experiences through design. An assessment of the ontological approach demonstrated this (Slater, 1997). Design and emotion here refer to a naturalistic design philosophy that emphasises user-centred design solutions and locates the reality of the interaction between people and design in emotional experience.



Investigation in Design and Emotion

The mental and emotional experience that one has with a product cannot necessarily be limited as pleasant and happy (Gaver, 1999). When a design outcome diversifies and elicits users’ emotional changes through the context of their usage, a connection of this kind is more likely to create an emotionally worthwhile interaction (Desmet, Overbeeke, & Tax, 2001). The topic of design and emotion refers to feelings that a product’s designer intentionally cultivates by carefully tinkering with all of a product’s sensory properties (Jacobs, 1999). However, in order to create a state of emotional fulfilment and delight while using the product, the product must be built in such a manner that it collaborates with the consumer in their emotional experience. As a result, the idea of experience, which refers to the point at which the subject and the object come into contact with one another and begin to blend together, emerges as a central concern in the process of developing things that are emotionally significant. Therefore, the mission of design and emotion includes not only the design of items that are useful but also the design of products with an emphasis on experience (Sanders, 1999) or ‘creating a setting for experiential learning’ (Overbeeke et al., 1999, p. 8). The goal of cultivating a feeling of emotional connection between the user and the design outcome should be understood to be implicit in the focus placed on the user experience.



Emotion Categories Found in the Design Process

Pleasant emotions provide enjoyable design experiences and improve the quality of life (Fredrickson & Joiner, 2002). Numerous frameworks with diverse theoretical foundations offer design strategies and tools for motivating pleasant feelings (Yoon, Pohlmeyer, Desmet, & Kim, 2020). Designers should identify pleasant emotions to affect user experiences (Yoon, Desmet, & Pohlmeyer, 2017). Some emotion identification tools can improve design outcomes by investigating a person’s positive emotion knowledge application (Tugade, Fredrickson, & Feldman, 2004) and specifically designing conceptualisation and assessment (Yoon, Pohlmeyer, & Desmet, 2016). Designers learn from these research methods and employ emotion identification tools to separate nuanced pleasant experiences with unique visual designs and then explore meanings for each emotion phrase (Yoon, Li, Hao, & Kim, 2019). A great focus is placed on a holistic picture of human beings, which is another fascinating aspect of the design and emotion concept. Designers are required to pay attention not only to the logical components and intellectual capabilities of the topic but also to the emotional capacities of the individual. This concern for the integrity of the whole is communicated via the concept of ‘respect for the individual in his whole’ (Hummels, 1999, p. 41). The consciousness that is engaged in the experience, as opposed to the varieties of consciousness that are utilised in thinking and instrumental manipulation, is the kind of consciousness that is the most vibrant and incorporates emotions in addition to ideas (Williams, 1976). Williams argued that relying on specialised or limited states or abilities is antithetical to experience, as the latter requires appealing to the whole scope of one’s awareness. It should come as no surprise that this appeal to completeness carries plenty of weight when pitted against ways of thinking that dismiss certain varieties of awareness as simply ‘personal’, ‘subjective’, or ‘emotional’ (p. 127). Designers understand that the obsession with things as tools gives way to an actual and immediate state of expressive connection with the objects themselves as the centre of attention in both usage and study as a shift from a knowing subject to an experiencing one. Consequently, growing attention is placed on feelings and experiences (Verwijnen, 2002). To interpret the concept in another way, objects are no longer viewed to be at the disposal of universal subjects; rather, they are thought to be ends in themselves. In this context, the idea of design and emotion becomes apparent as one of the possible solutions or the design discipline that may be used to deal with the aforementioned problems in today’s consumer culture.




Opportunities for Incorporating Emotions into the Design Process

Design and emotion may soon be exploited by the concept of consumerism. The advent of commercial hedonism and the pleasure morality that Baudrillard (1998) described have transformed the pursuit of pleasure. As Funke (1999) pointed out, the more the experience becomes an objective, the higher the worry that the event may not occur at all, and as a result, the fear of getting bored and the fear of missing out become strong motivation factors. The goal of design is to increase the intensity of emotional experiences, and consumerism, which is said to be located in the well-informed self, provides the solution (Slater, 1997).

Psychologists emphasise the objective of self-understanding in terms of emotions, and designers attempt to construct design outcomes with built-in emotions (Lindquist & Barrett, 2008; Ortony & Turner, 1990). The sole focus on personal rational reasoning ability is obsolete, since individual identity is determined by the interaction of psychological and physical needs rather than rational reasoning (Desmet, 2012). All of these coordinated efforts have the same objective: to manage and alter the circumstances and factors that have a favourable impact on the demand for certain design categories. This comprises not just the design and production of goods and services but also its customers.

Emotion has a significant impact on human psychological well-being. Those that see or interact with artworks go through some kind of an experience. As the result of a psychological experiment in which the human senses, emotions play roles in both internal and external expressions. The use of emotion in the same sentence as the term impact is unintentional. In a manner analogous to internal expression, it involves feelings or dispositions that support both the cause and the response of external expressions.

Positive emotions can enrich the design experience. Despite the significance of the study of positive emotions, unpleasant emotions must also be studied. Unpleasant is not identical to totally negative, since research demonstrates that unpleasant emotions are desirable, and they are often seen as essential tools in the field of design (Menninghaus et al., 2017). Negative emotion research may provide designers with a fresh perspective on how to improve user experiences. Negative emotions cannot be eradicated totally; thus, the most effective technique for designers is to change them into good feelings. Implementing the method in their creative processes is an exciting first step for designers, and the outcomes have revealed some novel designs.



Application of Computer-Aided Tools in Design Process with Emotion Concerns


Introducing Emotion into the CAD Process

Computer technology has accelerated emotion investigation and analysis (Lin, Xia, Wang, Tian, & Song, 2016; Yen-Jou, Yen, & Hung, 2019). It can recognise and mimic emotions to boost users’ engagement in interactive design experiences (Damiano, Lombardo, Monticone, & Pizzo, 2021). Some researchers employ computer-aided tools, such as facial emotion recognition (Jiang, 2021). By capturing facial expression data, they may advise users to take a break and provide appropriate design outcomes to help them manage their emotions (Tivatansakul & Ohkura, 2014).



Transforming the Concept of Emotion into Practice

Design for emotion consists of two objectives: design for pleasant emotion and design for negative emotion (Seligman, 2011). Pleasant emotions have a unique relationship with enhancing design experience, and pleasant emotions are also seen as variables that can boost happiness. When creating for pleasantness and joy, designers often explore ways to enhance the pleasant feelings of consumers (Zhu & Qin, 2021). However, happy feelings may not necessarily lead to greater happiness. Some individuals, for instance, utilise marketing tactics to present things to customers for financial gain, and users decide to purchase based on fleeting pleasant feelings. When people focus on the pleasure of purchasing rather than the design outcomes, their happy sensations rapidly fade and may even become negative (Yoon, Pohlmeyer, Desmet, & Kim, 2020). Therefore, when making a purchase, pleasant sentiments should be taken into account for the long term as well as over the short term. Design elements should also be given more thought. Designers overcome challenges and embrace opportunities when they integrate the emotional design process to produce emotionally linked design outputs. Designing for emotions can provide particular challenges, such as the disconnect between emotional data and emotional states, even though people have investigated emotion visualisation, emotion frameworks, and emotion identification in a range of fields. Due to the complexity of emotions, it is unclear what kind of display of emotion data is most helpful for training in emotion control. Typically, designers expect that their goods will evoke certain emotions from users, although there may be deviations in the impact, subsequently, and failure to achieve goals (Zhu & Qin, 2021).



Emotion-Adaptive Engine Model

Researchers are continually expanding their investigation of emotions outside the design area and using the knowledge or technology of several other domains in emotion study. Based on previous studies, as demonstrated in the streamlined design process in Figure 6.2, designers elicit users’ emotions via the design of products, services, tools, circumstances, and settings. The model further implements the flow of emotion changes in two stages of the design process: the streamlined design process and the calibration systems. The calibration system uses electroencephalogram (EEG) inputs to train customised machine learning-based emotion detection models in line with tools that recognise emotions (Gupta, Zhang, Pai & Billinghurst, 2020). Applying EEG, skin sensors, and facial expressions as calibration systems to assess emotions in data may assist designers in locating user emotions as well as designing for users. For instance, the user is asked to rate their observed emotional state using the Self-Assessment Manikin (SAM) Scale as well as the EEG in a virtual reality experience (Bradley & Lang, 1994).


[image: An exhibit depicts a computer - aided calibrated system integrating user needs, brain signal, facial expression, and skin sensor.]
Figure 6.2 Model of the implementation of the emotion-adaptive engine in the design process.

Hence, the relationships between the two categories of emotion recognition (i.e. consumer emotions as well as individual emotion management) and their importance as the main input information of the emotion-adaptive engine are found. The former prioritises designing for consumers’ emotions, which is helpful when creating the consumer experience, and the design aims to provide a variety of users with pleasant experiences and draw them in. The latter emphasises developing personal emotion regulation, and the design seeks to improve personal emotions and well-being. This procedure can provide individualised and accurate models as well as a list of features to be utilised in the subsequent step. Consequently, via the calibration procedure of the emotion-adaptive engine, the input of users’ emotional change patterns aids in improving design outcomes.

Numerous scholars have concentrated on enhancing the emotional learning skills and capacities of users. For example, Desmet (2002) invented a cartoon figure showing different emotions on the PrEmo interface. The cartoon figure for emotion identification that Desmet created may be considered an example subject for this most recent ontology, since it is part of an instrument that measures potential emotional reactions. However, few discussions have been conducted about increasing designers’ emotional adaptation via enhanced design experiences (Brackett, Rivers, Reyes, & Salovey, 2012). The theoretical investigation above has revealed the need for designers to understand users’ emotions. The findings from research conducted by psychologists indicate that professional emotion instruction and training enhance users’ emotional awareness (Richard, Baud-Bovy, Clerc-Georgy, & Gentaz, 2020). Negative emotions may result in several information-processing difficulties and are adversely connected with design experience. Negative feelings are typical throughout the process of learning, particularly for designers. Thus, researchers have developed some computer-based tools for emotion recognition (Engelmann & Bannert, 2019). The purpose of involving computer-aid systems is to enable designers to comprehend emotions and acquire socio-emotional abilities (Weytens, Luminet, Verhofstadt, & Mikolajczak, 2014), and then manipulating the approaches of introducing emotions into the design process should be more engaging.




Measurement of Emotion Recognition

Understanding users’ emotions helps designers connect them with design outcomes by optimising the design experience. FaceReader is one of the computer-aid systems that can help designers recognise users’ emotional changes (Engelmann & Bannert, 2019). It finds users’ facial expression patterns (Yu & Ko, 2017) so that designers can understand the interpretation of users’ facial expressions by analysing user emotions utilising varied visual designs (Balters & Steinert, 2017; Minhad, Ali, & Reaz, 2017). Using emotional computing and visualisation technologies, for instance, a revolutionary interactive system for calligraphy may convey the psychological and emotional condition of calligraphers in real time. By using animations of swimming fish, rain, insects, and thunder, the system conveys the users’ real-time emotions during the writing process. Through the interactive approach, spectators are able to engage in the calligraphy process and comprehend the feelings of the scribe (Wang & Chen, 2020).



Emotion Identification through Skin Sensors

Biosensors are used for monitoring and measuring a wide variety of physiological signals (Pal, Mukhopadhyay & Suryadevara, 2021). For instance, electromyography measures muscle activity by monitoring the electrical activity of the skin after being stimulated by a nerve (Jerritta, Murugappan, Nagarajan, & Wan, 2011). Electrodermal activity, which is the measurement of skin conductivity, is also measured by sensors (Shukla & Barreda-Angeles, 2019). It detects variations in the skin’s resistance to a weak electrical current. The surface temperature of the skin may be used as a proxy for muscular strength. Human mood, such as serenity or excitement, may be inferred from the observable responses recorded by sensors worn by a person (Vos et al., 2012). Blood volume pulse is measured by sensors to find out how much blood is now flowing through the veins. Using recordings of motion and pressure artefacts, the blood volume pulse rate may be calculated using a photoplethysmography that is commonly adhered to the skin (Kushki, Fairley, Merja, King, & Chau, 2011). As a method for identifying human emotions, sensors can monitor a person’s breathing rate and depth of breath to determine how they are feeling. A rubber band is used to secure the sensors to the person’s chest. It is common for people to alter their breathing rate as their emotions shift. These sensors have the ability to detect a variety of human emotions, including happiness, anxiety, and excitement.


Facial Expression Analysis for Emotional Understanding

The topic of computational facial expression recognition is one that is both exciting and difficult to work on. It comes easy for humans to understand how other people are feeling by looking at their faces, but developing computer systems that can do this is still a challenge (Shi et al., 2018). Developing algorithms that are able to comprehend a person’s facial emotions opens up new doors for potential applications in the fields of robotics, entertainment, internet marketing, and interactive teaching. The development of such recognisers may assist us in gaining a deeper understanding of psychological and neurological phenomena as well as human cognition and learning (Lindquist & Barrett, 2008). It is intriguing to investigate and model computationally how human expressive behaviour is consistent across different people.

Engineers and computer scientists investigate computer-aid algorithms through facial expressions (Ali, Iqbal, & Choi, 2016) in order to construct models for emotional analysis. Image processing, computer vision, pattern recognition, and artificial intelligence can all stand to gain from more investigation (Shi et al., 2018). Applications for the previously listed fields that were hindered by computational restrictions have been resolved (Mulligan & Scherer, 2012). A number of algorithms have been modified for execution in parallel on graphics processing units, which are becoming closer and closer to real time (Cabanac, 2002). These advances in computational technology have made available a new set of tools for recognising emotions conveyed by facial expressions in photographs and opened the door to the use of many more conventional approaches. Over the course of the last several years, convolutional neural networks have been built. Convolutional neural networks are capable of deconvoluting an input signal into a set of invariant characteristics, often known as essential features, including skin texture, corners, and critical points of muscle. With a sufficient database, the classifier is able to analyse photos without any preconceived notions. Convolutional neural networks are gaining recognition and making headway in a number of different industries, including the medical industry. Cabanac (2002), Desmet (2012), Levenson (2011), Ortony and Turner (1990), and Yoon, Pohlmeyer, Desmet and Kim (2020) are some examples of the many researchers who have published on the subject of emotion identification from facial images using neural network-based methods. These writings have been read by many people. The recognition theories of emotions conveyed via facial expressions have been found to have two major paths. The first path is known as the classical approach, consisting of the more conventional methods of image processing (Desmet, 2012; Yoon, Pohlmeyer, Desmet, & Kim, 2020) and pattern recognition (Desmet, 2012) as well as a range of different classifiers created via a handmade process of feature creation. The second path is conducting the investigation through the neural networks and convolutional responses within the networks. Convolutional neural networks have been largely responsible for the generally positive reception of methods based on neural networks during the last five years.



Emotion Recognition through Brain Signals

Research employing EEG physiological data for real-time emotion recognition is developing swiftly, with the exception of the use of facial emotion identification technology to guide emotions (Lee, Yu, & Woo, 2018; Wang, Ho, Huang, & Fang, 2019). EEGs are employed in emotion research because they are thought to better recognise human emotions. People utilise head-mounted EEG detection equipment because the prefrontal cortex, frontal cortex, and parietal lobes (Menze et al., 2014) are tightly related to emotions. EEG emotion detection needs lengthy use, causing skin irritation and other difficulties. To increase emotion recognition and user comfort, designers can alter the fabric of EEG helmets (Wang, Ho, Huang, & Fang, 2019). Designers can use the present technologies to help users identify their emotions (Delgado, Gonzalez, Gonzalez, & Torres, 2018).




Design Experience with the Emotion-Adaptive Engine

According to findings from research in neuroscience and psychology, the experience of emotional states, the behaviours associated with those moods, and the manifestations of those states all affect cognitive processes. Because of this, emotional and mental states are prone to frequent shifts whenever a person interacts with a technological device. This is particularly true for immersive virtual reality environments, which are a very effective method for presenting a wide range of emotional experiences to the user. Understanding the emotional reactions of end users and developing interfaces, interactions, and surroundings based on those responses are a difficult issue, but it is crucial from the point of view of human-centred computing. With the introduction of physiological sensors that may be worn, it is much simpler to understand one’s emotional state. Physiology-based real-time emotion-adaptive virtual reality (VR-Wizard; Gupta, Zhang, Pai, & Billinghurst, 2021) may help gather the natural, unaffected, and instantaneous physical reactions that are necessary for precise emotion analysis (Canal et al., 2022). During experimental secession, the user experiences a themed virtual reality environment that is more immersive. If the user experiences negative emotions or is in an uncomfortable situation, they can be encouraged to think positively. In addition to giving designers the ability to respond in real time to the user’s emotional state, it also allows them to maintain the user inside a predetermined range of emotions.

The issue of emotion detection algorithms has been the focus of some research. These algorithms use a variety of physiological modalities (Canal et al., 2022), including facial expression, audio, textual, and eye-tracking, to detect the emotional state of a person. According to Soroush et al. (2017), machine learning technologies may produce better design outcomes if they are widely used, since they are highly accurate at identifying users’ emotional states. Soroush et al. (2017) reported that this has been done in an effort to achieve this goal. However, there were just a handful of real-time applications on display that brought the user’s feelings into the virtual reality experience. For example, Bernal and Maes (2017) and Dey et al. (2018) found that giving collaborators information about their own heart rates increased their empathy and had a positive influence on how others perceived their presence.


Experimental Implementation of Calibration Systems

Some projects carried out by scholars have implied the concept of the emotion-adaptive engine model – for example, in the virtual reality project conducted by Gupta, Zhang, Pai, and Billinghurst (2021), VR-Wizard. It involves two phases of this system’s implementation: calibration and VR-Wizard. Using EEG data in conjunction with affective virtual reality, the calibration system creates bespoke machine learning-based models for emotion recognition (Gupta et al., 2021). Three 360-degree emotional movies are played for the user while their physiological reactions are recorded, and their emotional changes are rated by employing the SAM Scale (Bradley & Lang 1994). A chosen feature list and tailored, accurate models are the results of this approach. The virtual reality adaptive tool detects emotion and then gathers physiological data from the design experience in gameplay. To gauge the user’s emotional state, the chosen characteristics are utilised. These emotional states and confidence levels are tied to the virtual reality tool’s emotion detection capabilities. The visual and auditory settings in the virtual reality environment are modified to prevent the user from experiencing any intensely distressing emotions. By introducing emotion into the virtual reality tool, the environment’s engaging quality while balancing the emotional states are maintained. The application of VR-Wizard demonstrates how consumers’ preferred elements can be discovered by ambient parameters through the emotion-adaptive engine. To elicit positive or unfavourable emotions, the audio levels, fog height and density can be increased.




Conclusion

Design that has shifted from form follows function to a humanistic approach, and it now emphasises emotional concern within the design experience. Under this trend, the design process also changed, and emotion is emphasised as one of the important factors influencing the design process. With these new technologies and devices, emotion has become an important concern for designers. However, designers who concentrate more on looks and functionalities may disregard emotional issues in favour of traditional design tools. This may distort the emotional influence through CAD. The technique of employing CAD to develop designers interested in emotion-driven and experience design has therefore evolved as a crucial element of the reformative design approach. There is a specific need for designers to comprehend and use computer-aided calibration systems, like EEG and FaceReader. This is necessary so that design may more closely follow the steps taken by the design industry on emotional issues. To closely follow the steps of the design industry on emotion concerns, there is a niche need for designers to understand and manipulate computer-aided calibration systems, such as EEG and FaceReader.
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Technology and Fashion: Fashioning Technology – Science, Selfs, and Systems

The fashion designer of the future will be ‘a technological artisan with a scientific mind’. Thus pronounced Enrique Silla, President of Jeanologia, speaking at the Future of Fashion event held in Valencia, the World Design Capital 2022 (Meyers, 2022).

Technology and technological advances have always been core to the development of the fashion and textiles industries. The roots of today’s multi-trillion dollar fashion system trace back to the early developments in technology that massively increased efficiencies in textile processing and garment making. Mechanical innovations in cotton spinning: the spinning jenny (James Hargreaves c.1766), Arkwright’s spinning frame (Richard Arkwright 1769), and the spinning mule (Samuel Crompton 1778–1779) were central to Britain’s capabilities to engage in the Industrial Revolution. Through application of these innovations not only did yarn and material quality improve, but since production was centralised and more efficient, production costs also fell (Styles, 2022). By the mid-19th century, the mechanisation of garment construction via technological innovations, e.g. the bandsaw and the sewing machine, had dramatically increased production capacity, further reducing costs and paving the way for today’s highly mechanised global fashion industry.

This chapter explores recent innovations in technology for fashion production, promotion, and consumption proposing that advances in (fashion) technologies are still fundamentally influencing how we make, consume, and talk about fashion.



Technology and Fashion Design

For many casual observers, the idea of a fashion designer is of a lone creative, sketching fashion fantasies and draping fabrics on a muse or mannequin; certainly one in which the human touch is central. Period movies, such as 2022’s Mrs Harris Goes to Paris, recreate the ateliers of the most illustrious names in fashion – in this instance, the workrooms of the 1950s-era Dior full of white-coated seamstresses working on couture creations. Contemporary fashion documentaries reinforce this image taking us behind the scenes at high fashion brands as they prepare their collections. In reality, technologies such as computer-aided design (CAD) have been prevalent in fashion for several decades. Cutting rooms and production lines have been revolutionised by technological innovations that improve efficiencies and speed up the multiple processes involved in bringing fashion from concept to consumer. What would formerly have been a lengthy physical process of sketching, working directly with fabric, sending a series of samples between designer and maker until a final product specification was approved, has been transformed through the application of digital technologies. Fashion production lines have been mechanised with computerised cutting, stitching, and pressing. And although there is still a proportion of hand work involved in cutting and sewing garments, many of the product development processes including sampling are now happening on screens allowing for quick and multiple design edits and faster times to market. And high-end designers, such as Iris van Herpen, are just as likely to be working with a mouse in hand as a needle and thread.


Fast and Faster Fashion

The efficiencies of production, combined with more affordable airfreight disrupted one of the fundamentals of the established fashion system: the fashion season. Previously, the fashion calendar comprised two major seasons Spring/Summer and Fall (Autumn)/Winter. Buyers attended designer shows six months in advance of the season placing orders for the following season. Stores received the stock each season, to be supplemented with restocks and smaller collections, e.g. partywear for Christmas. Over the latter part of the 20th century, much fashion production for ready-to-wear and mass market was relocated from Europe and North America to Asia in a process called offshoring that has been described as a ‘race to the bottom’ since it primarily chased cheaper production (labour) costs across the globe away from developed countries to the Global South. Increased efficiencies and low wages now made it much more feasible – and profitable – for fashion brands to pump out high volumes of clothing that was sold at low prices. With each item selling at a lower price, businesses had to sell higher volumes, speeding up the whole system and fast fashion was born (Radclyffe-Thomas and Roncha, 2019).

The concentration of production technology and supply chain efficiencies in regions such as Southern China allowed for a massive expansion of fashion production. Although China is still producing fashion for the world, European competitors have also maintained production closer to home to enable the quick turnarounds in production that fast fashion requires. In comparison with the previous system of distinct seasons, Zara, part of the Spanish-owned Inditex Group and a pioneer of the fast fashion model, compressed the period between design and delivery to store to three weeks, releasing 500 new styles a week equating to around 20,000 per annum. By introducing technologies such as Radio Frequency Identification (RFID) to their supply chain companies like Zara, who stitch RFID tags into each garment, one can track each product from factory floor to store, ensuring a highly responsive stock control system that feeds reorders on popular styles. Shein, a Chinese e-tailer is a recent but significant entrant to the fast fashion space, overtaking Zara to become the most popular fashion brand in the world in 2022 (Haqqi, 2022).

The advent of the fast fashion model was very much facilitated by technology, and increased volumes of clothing produced at the same time as average wears per garment are falling, and these have contributed to the creation of a throwaway clothing culture. Many consumers now consider their clothing to be disposable; in some cases, fashion items are even considered single-use products. Circular economy advocates the Ellen MacArthur Foundation have estimated that the equivalent of a refuse truck of textiles are sent to landfill every single day (EMF, n.d.). There are many environmental impacts along the extended fashion supply chain – associated with growing or manufacturing textiles, to processing and making garments, shipping and retailing fashion and during and after customer use (Redress, n.d.). Despite a strong recent narrative about sustainability in fashion, the fashion industry is plagued by systemic overproduction resulting from two intersecting features of the predominant model, i.e. inaccuracies of demand forecasting and large minimum orders for production. Brands like Shein show no sign of slowing the fast fashion system down. In fact, they reportedly reduced their product development stage to three days, enabling them to add a reported 1,000 new styles every day (CB Insights, 2022).



Customisation, Personalisation, and Sustainability Solutions

In the trickle-down fashion system that existed for the majority of the 20th century, luxury and couture brands set the style agenda producing collections shown behind closed doors to invited audiences of buyers and private clients. Fashion house styles were the purview of the creative director with clients or customers the passive recipients of their vision. Key trends diffused down through the layers of the fashion pyramid appearing in the wardrobes of fashion followers in cheaper versions sold by mainstream retailers. Fast fashion brands such as Zara used their technological capabilities to speed up this process of fashion trend diffusion, bringing versions of runway styles to the mainstream market in a matter of weeks. But it was British luxury brand Burberry that applied their capabilities in digital technology in 2011, allowing customers to actually participate in product design. Primarily introduced as a marketing tool to build brand engagement, by offering customisation options on their luxury products, customers had an opportunity to co-create their personalised Burberry products. When Burberry promoted digital personalisation options for their classic trenchcoat, customers could now co-design the brand’s most iconic piece selecting from fabric, detail, and embroidery options online. Introduced in 2015, the Burberry Scarf Bar, promoted online and physically present in key retail locations, offered customers a range of thread options to embellish a classic Burberry scarf with their own monogram using digital technology to preview design options. Subsequently, many apparel and footwear brands implemented customisation and online or in-store customisation stations became another opportunity for fashion brands to build brand equity through experiential marketing.

The success of customisation and co-creation between fashion brands and their customers foreshadowed new business models, such as made on demand that links producers directly with potential customers. Businesses like U.S.-based Threadless scout their customers’ opinions on design work crowd-sourced from their online community and apply an algorithm to decide which of their graphic tee shirts should go into production (Piller and Ihl, 2013). Since waste is a huge problem in the fashion industry, the ability to facilitate personalisation and customisation has been posited as a means of preventing overproduction and unsold stock with Artificial Intelligence (AI) data mining offering an effective and efficient substitute for multiple sales data reports and trend guides (Luce, 2019).

In some ways, there is nothing new in fashion retail and direct to consumer (D2C) is the mail order category reimagined online. By connecting directly with consumers, usually through an e-commerce site, D2C businesses can interact directly with customers cutting out third-party vendors and using social media to connect with customers. Unmade was founded in 2014 with a mission to reduce the volume of overproduction and waste inherent in traditional fashion production systems. Since they only manufacture products that are already sold, Unmade call their post-industrial model made-to-wear, a play on words on ready-to-wear. Unmade’s first proof of concept collection of on-demand knitwear was launched in 2017 (Unmade, (n.d.)). Since then Unmade’s software has been refined to enable digitised product variation that can scale from one unit to ten thousand as they continue to experiment with how ‘disruptive technology can be balanced with sustainable growth’ (Somerset House, n.d.).

With an estimated 2 billion pairs of jeans produced every year and average wears per garment falling (Findon, 2021), customisation could prove hugely significant for one of the world’s most prevalent fashion items: denim jeans. Standard jeans production involves many processes that are detrimental to those directly involved in manufacture as well as the ecosystem more generally (Amutha, 2017). San Francisco and Hong Kong-based start-up unspun are another fashion brand using technology-enabled customisation to reduce volumes and waste. By launching a made-to-measure denim offer, they aim to promote more meaningful fashion consumption, promising customers: ‘the best fit of your life’. unspun use an online fit quiz to ascertain customer preferences from which their app builds personalised jeans from a selection of fabric, fit, style, and stitching options. The app also helps users to create a 3D scan of themselves upon which the custom jeans are modelled (unspun, n.d.). unspun is designing jeans one pair at a time and hoping that with better fit and features, customers will cherish their purchases keeping them in use, repairing and extending their usage. Spanish sustainable textiles solution firm and denim specialist Jeanologia is applying technology at scale to deliver its MissionZero commitment to eliminate 100% of waste generated through the manufacturing and finishing of jeans (Jeanologia, n.d.a.). Innovations include ColorBox for low-impact dyeing, an automated digital finishing plant (Urban Factory) for on-demand manufacture and an eco-efficient finishing plan (Laundry 5.0) that promises to save up to 85% in water usage. According to Jeanologia, Laundry 5.0 also eliminates ‘traditional processes such as potassium permanganate, pumice stone, substances of concern, and discharge from the textile finishing industry, as well as the harmful manual processes of scraping and grinding’ (Jeanologia, n.d.b.).



Material Innovation, Smart Textiles, 3D Printing, and Sustainability

Tadashi Yanai, owner of Japanese fashion brand Uniqlo believes: ‘We are not a fashion company… We are a technology company’ (Chu, 2012 in Tokatli, 2018:605).

Technological innovation does not just exist in making systems more efficient. Uniqlo’s product development is reliant on the material scientists of textile company Toray who provide raw material innovations in fibre and fabric which drive their functional fashions including innovations such as HeatTech (2007), Silky Dry (2008), and ultra-light down (2010) (Tokatli, 2018). Developments in textiles and garment design have frequently entered the fashion sphere via functional innovations related to military, exploration, or elite sports. By studying performance in various extreme environments, technical textiles and garments designed to protect and/or enhance performance filter into the mainstream fashion sphere. These innovations are showcased at international textiles fairs such as Paris’ Premier Vision where functional properties such as thermal, anti-gravity, and self-cleaning fabrics (Mishra and Militky, 2018) crossover into commercial applications. For example, wicking and insulating textiles and fabric coatings initially designed for survival in harsh environments are now commonplace features in clothing from outdoor brands such as Patagonia and the North Face. Furthermore, in these climate conscious times, innovators are using technology to create climate positive fashion by investigating processes to capture greenhouse gases – carbon dioxide or methane, specifically – and transform them into textiles (Cernansky, 2022). Other developments include garments that use a PhotoSynthetic Coating™ derived from live algae to sequester carbon from the atmosphere (Segran, 2021).

As in other industries, fashion brands responded to general consumer interest in technology by exploring a range of smart fabrics and smart clothing. Smart textiles comprise both aesthetic, and performance features; smart clothing integrates these and other digital technologies into garments. Founded in 2004, CuteCircuit claims to be the world’s first wearable-technology fashion brand. Their iconic product the Hug Shirt™ ‘designed to answer the human’s need for connectedness and intimacy’ incorporates haptic technology allowing the wearer to receive a virtual hug (Cute Circuit, n.d.) and was recognised by Time Magazine as one of the Best inventions of the Year in 2006. Currently, haptic technology is used in clothing designed to give wearers performance feedback, e.g. smart yoga pants that vibrate to indicate where body adjustments should be made. Displaying technical innovations in fabric or garment at global sports events inevitably boosts brand reputation. Ralph Lauren is an American fashion brand with a long association with international sporting events who showcased their brand’s innovation by providing Team USA with app-controlled, heated parkas for the 2018 Winter Olympics. Uniqlo unveiled its newly developed fabric Ultra Stretch Dry as part of the ‘smart layering system’ designed for the Swedish Olympic and Paralympic teams competing in the 2022 Winter Olympics (Wetherille, 2021). Rather than relying on developing in-house competencies in technology, these projects frequently involve collaborations with tech companies. For example, Levis have worked with Google since 2017 developing a gesture-sensing conductive material ‘Jacquard Threads’ that is incorporated into their Commuter jacket, a smart denim jacket with a touch-enabled fabric cuff that connects to a mobile via a Bluetooth connection. A companion app allows wearers to customise their gesture controls to prompt various actions, e.g. call-answering or managing playlists (CB Insights, 2022).

The development of personal monitoring in the fitness industry was accompanied by a rise in personalised health and fitness applications to fashion. Seeing the success of personal tracking devices, such as Fitbit, fashion brands capitalised on consumer interest in personal well-being indicators. So-called wearables were developed to offer health tracking and real-time coaching based on the capture and monitoring of personal data. Products include smart shirts that track breathing, heart rate, and movement and socks that collect data on foot position during walking or running. In 2020, New Balance collaborated with IT company HP, launching printed personalised insoles designed with information gleaned from the wearers’ scanned biometric data (Lee, 2020).

The smart clothing and smart textiles market is on a trajectory to exceed US$5bn towards the mid- or latter 2020s (Statista, 2022). Personalised fashtech developments have targeted specific life stages, e.g. alleviating symptoms of menopause. Problematic menopausal symptoms can negatively affect quality of life, engagement, performance, motivation, and working relations for the estimated 657 million women worldwide aged 45–59, many of whom work throughout their menopausal years (EMAS, 2021). Wearables such as reliefHER from Joylux and The Embr Wave® from Embr Labs use temperature to moderate menopause symptoms. Athletic company Under Armour developed UA Recover, a range of clothing to enhance relaxation and aid muscle recovery, featuring Celliant®, a ceramic particle infused fabric that absorbs the body’s heat reflecting it back as infrared light.

In 2022, Adidas released 4DFWD a running shoe with an industry-first bowtie-shaped lattice midsole to transform vertical pressure into a horizontal force, providing runners with a non-stop smooth forward transition. Adidas developed this with 3D printing and design company Carbon showing that 3D printing is no longer the sole domain of the high fashion or conceptual designer (Adidas, 2022). In conventional fashion design, designers work from sketches and/or with fabrics direct on a mannequin, but in 3D printing, a digital render is constructed to visualise a garment, which can be amended or printed out directly with no need for physical toiles (samples) (Lin, 2022). But although rapid prototyping technology, such as 3D printing, was developed in the 1980s, it did not come into widespread use until the 2010s. Early 3D printing pioneers in the fashion industry include conceptual fashion designer Iris van Herpen who has been at the forefront of experimenting with technology-enhanced fashion. In 2009, van Herpen showed a 3D printed dress, which was reported to have taken a week to print (Holgate, 2016). The ability for designers experimenting with 3D printing to work with extremely complex designs enabled van Herpen to develop her signature style of dresses inspired by natural forms and comprising fractal folds into ‘designs of inimitable folds, bends, and loops that are digitally created as self-similar and iterated curves’ (Smelik, 2020). In 2015, van Herpen created a conversation piece by having actress Gwendoline Christie lie prone on a plinth whilst robotic arms combined 3D printing, laser cutting, and weaving to clothe her in a circular dress live during her Spring/Summer 2016 couture show (Howarth, 2015).

In the same year, designer Behnaz Farahi created an interactive multi-material 3D printed garment that incorporated an image-sensing camera capable of detecting and responding to an observer’s gaze. The interactive garment Caress of the Gaze was designed to create a dialogue between the wearer and their observers in order to highlight social issues, such as gender, intimacy, and personal identity (Farahi, 2017). Both van Herpen and Farahi have used the affordances of technology to create fashion that moves beyond the functional and aesthetic to create commentaries and dialogues between the wearer, their environment, and audience. In recent collections, van Herpen worked with environmental organisation and global collaboration network, Parley for the Ocean to incorporate recycled plastic ocean waste in her couture work. By using 3D printing to create a fine trilateral tessellated material, the quality of an otherwise valueless waste material is elevated and the collection achieved its aim to highlight the climate crisis and the role of human–nature relationships within it (Carlson, 2021).




Social media, Online Fashion Communities, and Sharing Economy

With an estimated 4.74 billion users at the start of October 2022, social media users now equate to 59.3% of the world’s total population (We Are Social, 2022), and the establishment and growth of social media has been extremely impactful for fashion media and e-commerce. Social media is such an integral part of the formal and informal fashion system that it is hard to imagine the pre-social media world where brands and media organisations had sole control of the flow of fashion intelligence and imagery. Fashion, being a visual genre, was well-placed to leverage the new digital spaces afforded by personal and business social media. Online-only brands such as the U.K.-based ASOS created entire business models sourcing fashion garments that copied celebrity style – ASOS standing for As Seen on Screen.

Initially conceived as existing outside the formal fashion media system, the early social media fashion critics or fashion bloggers, have by now long been integrated within established fashion systems. The early generation of fashion bloggers, including Bryan Boy and Susie Bubble, sought to create alternate conversations around fashion. Yet, within a few seasons, these same bloggers were taking seats on fashion’s front rows and collaborating with couture and mainstream fashion brands to launch products and collections. With the rise in social media platforms, such as Instagram, the fashion personalities followed for their personal sartorial style created a new category of fashion actor, and indeed a whole industry, of what came to be known as fashion influencers. The rise of the fashion blogger meant that everyone could become a fashion critic, digital technologies created the role of the fashion influencer, self-declared arbiters of style whose #OOTD (outfit of the day) was itemised across their social media presence.

With the expansion of social media content, both brand and user-generated, came a new era of fashion communications which necessitated new roles and skillsets. Early fashion bloggers and social media influencers may have started posting content without specific commercial ends in mind, but brands quickly realised the power of electronic word of mouth to motivate brand loyalty and increase purchase intention through the power of influencers’ personal brands (Kay et al., 2020,). Some of the early fashion bloggers, including London’s Susie Bubble and Milan’s The Blonde Salad, garnered follower numbers in the hundreds of thousands and subsequently carved out lucrative careers as brand consultants selling access to their online communities (Bendoni, 2017). Fashion brands have been particularly keen to align themselves with influencers whose promotion of their products can be extremely lucrative, seen as more authentic than traditional fashion advertising (Arsenyan and Mirowska, 2021).

The predominance of social media in fashion led to another reinvention of an established retail phenomenon. Direct selling from cable television channels such as QVC has been part of the fashion retail mix since the 1980s. In recent times, Chinese multinational technology company Alibaba used its digital capabilities and the dominance of Taobao, its online shopping platform, to create a livestreaming e-commerce platform blending social media, entertainment, and sales. The popularity of livestreaming is inherently linked to the personalities of the hosts, or livestreamers. The ability to influence perceptions of products and trends is reflected in the more contemporary nomenclature for influencers of key opinion leaders (KOLs), a term which emanated in China reflecting a fan economy where certain individuals’ social media influence drive e-commerce across a range of products, including fashion, accessories, and beauty (Zou and Peng, 2019). KOLs are integral to e-commerce events such as China’s Double Eleven, or Singles Day. Although in some cases there has been doubt cast on KOLs’ reported sales figures, it was claimed that on the first day of 2021 Singles’ Day pre-sales, ‘Lipstick King’ Austin Li, sold US$1.9bn in product during a single broadcast (Wu, 2022). One of China’s most successful livestreamers, Viya, dubbed the queen of China’s livestreaming commerce was one of Alibaba’s Taobao livestreaming hosts when the platform launched in 2016. Through hosting synchronous online shopping sessions and building rapport with viewers/shoppers Viya build a following of 37 million with an average audience of 6 million watching each livestreaming event in 2020 (Gai, 2022).

There have been questions about the authenticity of product endorsements from livestreamers and critiques of the excessive working hours required from the always-on nature of social commerce; however, the phenomenon shows no signs of slowing. In China, livestreaming was forecast to generate around 20% of the country’s total online sales by 2022, whilst in the United States, livestream shopping is expected to generate US$35bn in sales by 2024 (CB Insights, 2022). During the lockdowns caused by the COVID-19 pandemic, fashion was an industry that took advantage of the capabilities of livestreaming to pivot to online presentations of the seasonal fashion shows that are integral to sales. Shanghai Fashion Week was initially cancelled in Spring 2020, but went ahead reimagined as a digital runway on Tmall powered by Alibaba with 151 shows reaching 11 million views and a reported 26% sales conversion (Vogue Business Webinar, 2022).

In Europe, brands including Italian luxury label Gucci utilised digital media to give their locked-down consumers behind-the-scenes access to preparations for their digital shows and created a 12-hour livestream show with members of the Gucci team replacing the usual fashion models. Mercedes Benz Fashion Week Russia streamed 32 fashion shows to audiences of approximately 830,000 and brands prevented from hosting in-person sales events developed digital showrooms for product launches. The ability to hold shows digitally brought the issue of carbon footprint of the usual fashion calendar into question, with many designers promoting digital presentations as much less impactful than the seasonal journeying from fashion capital to fashion capital. Another positive cited for digital presentations was that they offered more access to the public, i.e. everyone could now be on the front row. Whilst some brands invested in creating engaging digital content and critically received films in place of their physical runway presentations, once they were able to, most brands returned to physical shows with industry commentators highlighting the lack of influencer engagement in digital shows, and associated lower sales figures, as a key factor for this retreat (Modalek, 2020).

In the early days, the higher the follower number, the more popular with brands fashion influencers would be but more recent research shows that influencers with smaller, but more loyal followings – so-called micro-influencers – may have better potential for creating perceptions of credibility, authenticity, and relatability in their followers (Kay et al. 2020). One of the most disruptive ways in which technology has changed fashion retail has been the ability for individuals to monetise their own wardrobes through online peer-to-peer platforms. Clothing rental and resale are not new; however, platforms such as Hurr, Depop, and Vestiaire Collective have seen huge growth in recent years as part of the sharing economy. Growing confidence in e-commerce and changing attitudes to pre-owned clothing, along with a desire for more sustainable fashion means individuals are buying, selling, and renting from their own wardrobes. Early innovators such as Depop created a new category of peer-to-peer retail in 2011 with their secondhand fashion app that targeted the younger generation providing them a secure and creative space to resell their own clothing in a personal shop. Aimed at an older, more affluent demographic French-based Vestiaire Collective provides authenticity checks on fashion and luxury items sold on its global site. As a tech-enabled circular fashion start-up responding to a fashion system in which many consider their clothes to be old after just one or two wears, U.K.-based rental company Hurr founded in 2018 dubbed the Airbnb of fashion by Forbes sees itself as contributing to a more sustainable fashion system.

Social media’s ability to create online communities and conversations that transcend geographic boundaries has created not only spaces for fashion consumption, but spaces to challenge social inequities and even to foster resistance to the predominant fashion system. A key consumer trend over the last decade has been consumers’ desire to ascribe meaning to their fashion consumption, and fashion brands have used social media as a communication tool to promote brand purpose. U.S.-based footwear brand TOMS was founded with a buy-one-give-one retail model whereby on each purchase of a pair of shoes, TOMS committed to donating a pair of shoes to a child in need. The power and simplicity of TOMS’ brand story was easily communicated through social media and they created a viral social media campaign with their One Day Without Shoes event where the public was invited to post with the campaign hashtag, each post generating a shoe donation (Varley et al., 2019). The campaigning organisation Fashion Revolution was founded in April 2013 in response to the Rana Plaza disaster, a horrific industrial accident in Bangladesh which saw over a thousand textile workers lose their lives. Fashion Revolution campaigns for cultural change in the fashion industry and its annual Who Made My Clothes? Campaign is an example of hugely successful collective action that utilises user-generated content in the form of social media posts to fashion brands asking for transparency and accountability in supply chains. In 2022, Fashion Revolution week reached 5.8 million people on social media (Fashion Revolution, 2022).



Fashion Retail × Technology: E-commerce and Social Shopping

The very notion of where and when we shop has been revolutionised with the advent of e-commerce i.e. selling to consumers via brand or marketplace websites. Technology remains an integral part of behind-the-scenes operations in the physical retail space e.g. the use of RFID technology to manage inventory levels. Today’s fashion consumers expect to move seamlessly across coherent physical and digital brand touchpoints including physical stores, print and digital, website, mobile phone, etc. (Iannilli and Spagnoli, 2021). The ability for brands to deliver an omnichannel experience relies on developments in technology, as well as changing consumer attitudes and beliefs about shopping in digital spaces. Initially, fashion was considered an unlikely product for e-commerce, but despite reservations about fashion consumers’ willingness to shop online for such a high-involvement category, fashion e-commerce is now the biggest e-commerce product category by volume with an estimated global sales exceeding US$600bn (Sutinen et al., 2022).

Digital spaces connect brands with global audiences enabling them to tell their histories and showcase contemporary creative direction and artisanship with content comprising product and non-product imagery, sound, and film. British luxury brand Burberry was an early adopter of digital technologies using them to reposition a brand founded in 1856 to appeal to the digitally savvy customers of the early 21st century. Burberry created an immersive website launched in 2009, Art of the Trench, which set the model for luxury brands to follow. With the rise of e-commerce, the brand website became a key strand of contemporary retail for many fashion and luxury brands. One of the early challenges for fashion and especially luxury brands entering e-commerce was to build trust in the quality and fit of garments customers could neither touch nor feel. Mail order fashion had existed for many years before e-commerce but now technology could facilitate product evaluation.

Consumer behaviour research shows lesser-known brands may struggle to overcome consumer caution, especially when buying online, and that they benefit more than better-known brands from providing more product information (Tan et al., 2022). Being able to visualise oneself in a particular garment or outfit was greatly enhanced through the introduction of augmented reality (AR) technology; fashion and luxury brands use AR online and in-store to let customers experience virtual garments superimposed onto themselves (Tan et al., 2022). Uniqlo worked with digital retail agency Holition to create the world’s first so-called Magic Mirror for the opening of Uniqlo’s San Francisco store in 2012. Built in partnership with Dai Nippon Printing Company, the Magic Mirror used AR to create a virtual dressing room where customers could try on 120 coats in 60 seconds. Uniqlo realised the power of social sharing, and the store’s Magic Mirror became a retail destination in itself for those who wanted to capture digital images to save or share (Holition, 2012). U.S. retailer Neiman Marcus’ Memory Mirror, incorporated a 70-inch LCD, computer, and HD camera that let customers record, save, and share their fitting room experiments. Interactive mirrors ease customer pain points allowing them to communicate with store staff to request different sizes and colour options (Marr, 2019).

This integration of interactive customer-facing digital technologies into physical retail spaces to build brand loyalty and drive sales became known as phygital (Batat, 2019) and luxury brand Burberry was an early adopter of a phygital strategy. Having fully embraced the capabilities of digital in their brand website, they launched a new retail concept in 2012 designed to bring their website to life in its 121 Regent Street, London store. Widely hailed at the time as the most innovative example of digitally enhanced retail, Burberry transformed an historic building into an experiential retail space incorporating new technology designed to attract younger customers and reinforce brand narratives. The design of the store deliberately mimicked the brand’s website incorporating the largest digital screen in use in retail at the time showing musical artists associated with the brand as well as collection videos, products, and livestreaming runway shows. Bluetooth-linked iBeacons provided customers with personalised multimedia content and targeted promotions via apps and smart or magic mirrors to create a seamless retail experience. One of the key interactive features was the use of RFID tags fitted in clothes and accessories linked to digital mirrors that played runway content of the item. Sales assistants used iPads to help customers complete purchases without the need for queuing at a sales point. The iPads captured customer data and provided the intelligence behind Burberry’s Customer 360, a customer relationship management system launched in 2013 using predictive analytics based on purchasing histories, shopping preferences, and social media profiles to build personal customer profiles that were used by sales assistants to provide personalised product recommendations (Varley et al. 2019).

In another example of a functional technology reimagined in the fashion space, fashion brands and designers have explored Blockchain’s potential to prevent counterfeiting and to create brand stories about sustainable sourcing and manufacture (Thand and Jackson, 2019). Blockchain allows digitally encrypted data to be stored on open-source or private networks and has been in use for several years by the hospitality industry to provide provenance ensuring traceability of foodstuffs from farm to fork. For sustainable fashion designer Martine Jarlgaard working with Provenance.org’s Blockchain technology allowed the capture of supply chain information – from gathering fibre at a British Alpaca Fashion farm, to yarn spinning at the Two Rivers Mill, the knitting up of garments at Knitster LDN and ultimately to Martine Jarlgaard’s London design studio. The resulting collection shown at the May 2017 Copenhagen Fashion Summit was heralded as the world’s first ‘Blockchain-powered Supply Chain Transparency Fashion Pilot’ (Clark, 2018). This type of pilot provided proof of concept that Blockchain could be a facilitative technology for fashion both in terms of transparency and for authentication, a highly significant practice in the luxury industry, especially since the growth in luxury resale. In 2019, luxury conglomerate LVMH debuted the AURA platform developed in partnership with Microsoft and Blockchain software company Consensys. An AURA digital certificate generated on request at the time of purchase provides consumers with product origin and component details, care instructions, and warranty or after-sales services (Consensys, 2019).

As a reflection of the growing e-commerce fashion market and the volume of digital content required to fuel it, Amazon opened its Fashion European Photography Studio in Shoreditch, London in 2015. At the time, it was one of the largest photography studios housing 21 individual photography bays, an editorial suite, and video editing facilities capable of generating more than 500,000 images a year for Amazon’s fashion site (Amazon, 2018). Although the much-cited ‘death of the store’ has not yet materialised, technology has enabled the rise and success of pure players or online-only fashion retailers. Zalando is Europe’s largest online-only fashion retailer retailing 1.4m items to 48m customers, and using technology-enabled personalisation to optimise their long-term customer lifetime value. AI is employed to interpret time spent on site, browsing patterns and customer purchasing histories so Zalando can create customised ‘shops’ for each customer with products and promotions matched to their preferences (BoF, 2022). Already on an upward trend, e-commerce penetration and adoption rates across all age levels accelerated steeply during the extended pandemic lockdowns experienced worldwide from 2020, proving vital for fashion and luxury businesses unable to engage in physical retail (BoF, 2022).

However, physical retail is experiencing somewhat of a revival, enhanced by digital technologies. In 2020, Burberry once again grabbed headlines for their integration of new generation technology into a bricks and mortar store when they opened a social retail store in Shenzhen, China. The choice of location is significant. In about a decade, the centre of innovation appreciation had been shifted from West to East, i.e. from London to Shenzhen. Analysing their market intelligence showed Burberry that their customer base of younger, tech-savvy consumers frequently started their customer journey on social media but that they still wanted an in-store element, particularly an experiential one intended to be shared online. Burberry worked with China’s Tencent Technology to incorporate gaming, social media product drops, and app-driven customer service into their retail concept (McDowell, 2020).

But, London is still home to retail innovation. Echoing Burberry’s digital strategy of nearly a decade earlier, in 2021, luxury multi-brand retailer Browns transformed a Grade II listed building in London’s Mayfair, making use of the digital expertise of parent company Farfetch to create a tech-enabled customer experience. Customers are encouraged to browse the store offer before they arrive, trying on jewellery and sneakers virtually, and creating a wishlist via the Browns app. Once on site, customers can find out more about products by scanning QR codes, use interactive mirrors to check availability, and view styling options of their wishlist pieces before completing purchases in-store or later after leaving the store via a personal click-to-buy link (Beresford, 2021).


Redefining Fashion: Digital Fashion, Identity, and Self-Esteem

In developments that challenge our existing understandings of the roles of fashion designer and/or buyer, the integration of AI into fashion meant that brands could automate the design process entirely, taking design out of the studio and substituting AI. Rendering fashion garments digitally allows for efficiencies in prototyping as well as opportunities for customisation and co-creation. In 2017, Amazon that has taken several false starts into the fashion arena, introduced an ‘AI fashion designer’ with the aim of replacing designers with AI. The use of AI in the design process has widely been promoted as a positive innovation, with some claiming AI design is more sustainable because better consumer intelligence should result in reductions in discounted and unsold stock. In 2018, Swedish fashion brand H&M created an AI department using AI to track sales at a granular level. Combining data collected from 5 billion store and website visits, with data from external sources, including search engines and social media posts to accurately predict market demand, avoid overproduction, and create a localised and personalised offer targeting the most popular products for specific stores in its network of 4,000 retail stores (Textile Future, 2018). And in 2019, Chinese company DeepBlue Technology entered and won an international fashion competition in Shanghai with their AI fashion designer DeepVogue (Särmäkari and Vänskä, 2022).

The way we consume fashion has been revolutionised through the application and integration of technologies. According to research from Pew, a third of Gen Z respondents feel that their online identities are their ‘most authentic’ selves with increasing numbers seeking online immersive experiences via gaming platforms and in Metaverse environments. The growth in digital entertainment presents new revenue streams for fashion brands in the form of digital fashion products. In-game digital skins first developed in the gaming sphere and enabled users to experiment with digital identities and personalisation of avatars through fashion. The luxury sector has sometimes been criticised for its tardiness in recognising the potential of digital and online platforms, but in the current context, both mainstream apparel brands and luxury labels are exploring the marketing potential of engaging in new digital spaces. Both Nike and Gucci are amongst those hoping to capture future luxury consumers by creating digital clothing and accessory collections for the gaming, social media, and social commerce app Roblox in what has been predicted to be an US$8 trillion Metaverse market by 2024 (CB Insights, 2022).

Digital fashion is not limited to the gaming space. Several digital-only fashion brands now operate in a market predicted to rise to US$190bn by 2025 (CB Insights, 2022). In 2019, digital fashion house The Fabricant created headlines in fashion and mainstream media for selling a US$9,500 dress that can only be worn digitally, i.e., edited onto the wearer in post-production (CB Insights, 2022). DressX is a digital fashion multi-brand retailer that promotes digital fashion collections from well-known fashion brands. In an attempt to codify the different permutations of digital dressing Daniella Loftus, of This Outfit Does Not Exist, published a manifesto for digital fashion defining three categories of digital fashion:


	IRL – in real life – digital fashion with a physical counterpart

	ORL – on real life – digital fashion worn on Instagram

	URL – unreal life – digital fashion worn direct-to-avatar (TODNE, n.d.).



Some in the digital fashion space maintain they offer a more sustainable fashion choice, one that eliminates the negative impacts of production, shipping, wear and disposability of physical clothing. Inspired by a finding that many fashion consumers only purchase physical garments in order to provide images for their social media feeds, DressX allows buyers to select digital garments applied to the purchasers’ photo thus creating a digital asset. DressX claims that on average, the production of a digital-only garment emits 97% less CO2 and savings of 3,300 litres of water versus a physical one – although these calculations accounted for creating the digital garment, sending images and files to clients but does not include impacts from archiving files on the cloud (Benson, 2021). However, with clothing sales increasing year-on-year, there is currently little evidence that digital is replacing physical fashion and some commentators argue that may in fact encourage more consumption of physical items. Furthermore, carbon impacts associated with creating and trading digital fashion should be accounted for when advocating for digital fashion on sustainability grounds.

Although the popularity of various platforms may shift, there remains an upward trajectory of digital engagement with fashion, and this has generated discussion in mainstream media on the negative impacts of engaging in online as opposed to ‘real-life’ communities. Multiple studies have explored potential negative associations between social media use and self-esteem, finding negative impact related to addictive social media use in adolescents, young adults, and older adults. For some time, it has been mandatory for influencers to acknowledge when social media posts are sponsored, and recently governments are implementing legislation to tackle issues, such as body dysmorphia, said to be fostered by unrealistic body images portrayed on social media. In 2017, France introduced a Photoshop law making it mandatory for all digitally manipulated commercial images to carry an ‘edited photograph’ warning. In 2021, in an amendment to the Marketing Control Act, Norway mandated social media influencers and advertisers to declare when paid posts are edited (Chiu, 2021).

There appear to be three key mechanisms linking social media to self-esteem comprising social comparison, social feedback, and self-reflection. Digital portrayals of self are increasingly manipulated, idealised versions, so social comparisons to others in one’s social media networks negatively affect self-esteem, whereas, both social feedback and self-reflection can positively affect self-esteem through positive reinforcement and self-affirmation. However, an overview of research studies shows the effects to be highly dependent on conditional factors, including dispositional characteristics (e.g., age, gender), socio-cultural context (e.g., culture), and patterns of engagement with social media (Cingel et al., 2022).

However, any intentions to police online fashion imagery may be increasingly moot, given the rise in synthetic media and virtual influencers. Early virtual influencers include Lil Miquela, a digitally generated ‘19-year-old Robot living in LA’ named one of Time Magazine’s Top 25 most influential people on the internet in 2018 and with a following of 2.9m on Instagram as of December 2022. Virtual influencers such as Lil Miquela model for luxury brands, such as Prada, appearing in campaign videos for Calvin Klein with supermodel Bella Hadid. Virtual influencer Rozy was created with over 800 facial expressions and movements by South Korea-based film and animation company Sidus Studio X and earned an estimated US$800,000 in 2021 in sponsorship deals (CB Insights, 2022). The lines between digital and real-life fashion players are increasingly blurred when digital influencers such as Rae, Southeast Asia’s first hyper-realistic virtual influencer, are interviewed in fashion magazines promoting digital assets and reflecting on ‘Being connected and living in this middle ground between the real and virtual worlds’ (Sim, 2021).




Closing Thoughts

In 2024, we are experiencing a period of disruption to the fashion industry where the essential meaning and purpose of fashion is up for debate. Billions worldwide have unprecedented access to fashion, in both physical and digital forms, yet overproduction and textile waste resulting from fast fashion threatens Earth’s very ability to survive. The increased use of AI in fashion is fundamentally altering established roles, including designers, buyers, and merchandisers, with some arguing that the automation of design processes fundamentally changes the role of designer to one of curator (Särmäkari and Vänskä, 2021). Others point out the potential for dilution of the professional identity and legitimacy of the designer claiming that allowing ‘machines to enter the field of fashion design… arguably leads to de-professionalisation’ (Kawamura, 2018).

Fashion brands are utilising consumers’ engagement in design and decision-making facilitated by technology as a means of increasing brand engagement. From relatively simple customisation options to influencing which products go into production, technology has increasingly allowed customers to become co-collaborators in product or service development (Piller and Ihl, 2013). AI is used in CAD systems, for fabric and colour intelligence, fitting and design optimisation, image generation, and evaluation of virtual 3D designs (Guo et al., 2011; Thomassey and Zeng, 2018). However, whilst the application of technologies has enabled fashion production practices that are commercially successful for some, they are drawing mounting criticism for lack of responsibility considering their negative and substantial environmental and social impacts as fashion billionaires rule over fashion empires extracting value from human and material resources. Technology fuels the fashion business model, one that is not just environmentally extractive but that generates and perpetuates systems where a lack of transparency masks poor working conditions, gender discrimination, and low pay for the majority of workers whilst creating fast fashion billionaires. Oxfam reported that on average, it takes CEOs from the top five companies in the garment sector just over four days to earn what an ordinary Bangladeshi woman worker earns in her whole lifetime (Oxfam, 2018).

In the 21st-century innovations in the making process, globe-spanning supply chains, phygital retail, and personal digital devices have fuelled a massive expansion in the fashion industry as well as bringing runway shows and fashion retail to the palm of our hands. Technology has enabled innovations in fashion production, consumption, and promotion; disrupting traditional manufacturing, connecting buyers via digital runways or livestreams, and creating online fashion communities via social media platforms, such as Instagram and WeChat. Social media has created spaces for individuals to explore their identity through fashion and for fashion activists to organise and advocate for a fairer, more sustainable fashion system. Individuals and organisations concerned by the problematic scale of overproduction and textile waste in the fashion system are demanding technology be used to facilitate a more sustainable fashion system. Advances in material innovation and health-related fash-tech offer enhanced performance for athletes and relief for symptoms of e.g. menopause. The latest applications of VR, AR, and AI are embraced by fashion brands keen to implement omnichannel experiences for their consumers. However, these developments are not without their critics. The pressures to consume and conform to the digitally manipulated images prevalent in brand and consumer spaces have been criticised for fuelling negative self-worth, overconsumption, and throwaway fashion.

Technologies enable and compel new ways of thinking. However future fashion exists, in real life or in computer-generated forms, if, as Enrique Silla predicts the fashion designer of the future will be ‘a technological artisan with a scientific mind’, we can but hope future designers, along with all the other functions in the industry, employ technologies not to continue the current trend for more and faster fashion, but rather to achieve a more sustainable fashion industry, using technology to slow the industry down and to promote individual creativity and collective value.
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Introduction

Foods play an essential part in our lives. Our everyday experience with foods is not just about eating them, but for many people also about preparing food dishes from available ingredients in particular ways. A recipe can be defined as “a set of instructions for making or preparing food dishes”.1 It typically includes:


	Ingredients – a list of necessary food items to be added and prepared during the cooking process

	Instructions – steps for preparing and combining ingredients, with information on cooking times, temperatures, amounts needed, techniques, etc.

	Tools – cooking tools, like bowls, grinders, utensils, electric appliances, etc. for use during the cooking process

	Serving sizes and suggestions

	Variations in ingredients and instructions for customizations, preferences, and dietary requirements

	Formats and visuals – use of lists, tables, charts, diagrams, photos, and videos.



Recipes are also an important source of information on our nutritional intakes based on various measures, such as calories and percentages of recommended daily intake. Recipes also indicate how ingredients are processed and cooked which affect their nutritional values. People can better understand and manage their diets through recipes.

Furthermore, with text, pictures, and increasingly videos, people can explore recipes in all sorts of media, such as cookbooks, TV programmes, and YouTube videos. Popular recipe websites, such as Allrecipes.com and Food.com, amass large numbers of recipes containing text, pictures, drawings, photos, and videos. Visitors can browse through various categories (e.g., breakfast, desserts, chicken, and Mexican cuisine) or, with the help of search engines, filter recipes by keywords.

Recent advance in artificial intelligence (AI) research and specifically the deep learning approaches to computer vision and natural language understanding have opened up new intelligent ways of sifting through recipes as well as deriving new recipes from existing ones. This is achieved by computationally training artificial neural networks to learn how recipes relate to one another based on their multimodal contents (text, images, and videos). Typical use cases of these networks include:


	Finding recipes based on a food image

	Finding/generating food images based on a modified recipe

	Finding/generating a recipe based on a cooking video

	Ask questions about things in a picture included in a recipe.



This chapter reviews some recent developments in deep learning for language and visual contents and outlines some major areas of use cases in the recipe domain. These areas include recipe recommendation, food image recognition, cross-modal recipe retrieval, recipe question answering, recipe generation, and food image generation.



Recipe Recommendation

Sorting a large collection of recipes based on their characteristics (e.g., ingredients) facilitates useful functions, such as finding substitute ingredients and recommending similar recipes. A recipe recommender system may recommend similar recipes to a user based on those recipes which one has enjoyed before. Figure 8.1 shows some use cases of such a system.


[image: An exhibit depicts recipe recommendation based on user preferences, history, and ingredient substitutions.]
Figure 8.1 Use cases in recipe recommendation.

Researchers have studied ways to analyse and relate recipes for these use cases using computational methods. The following subsections provide a brief review of some of these methods.


Ingredients

A major way of classifying recipes is based on the idea of a cuisine. Cuisines are often labelled by geographic regions or cultures, for example, on Allrecipes.com under ‘World Cuisine’, there are Chinese, German, and Indian ones. Cuisines reflect the history, culture, geography, and food preferences of people living in different parts of the world. Similarities and differences between cuisines can often be analysed in terms of their common food ingredients. For instance, how cinnamon is used in Indian, Moroccan, and Turkish cuisines helps understand their distinct flavours. How rice is used in making fried rice, sushi, and risotto dishes reflect the cooking styles in different countries. Studying different cuisines and their ingredients can inspire new combinations and techniques in one’s cooking.

Su et al. (2014) studied the correlation between cuisines and ingredients based on a dataset of around 6,000 recipes downloaded from popular recipe-sharing websites. Their results revealed some limitations of the ingredient-based approach in terms of accuracy as recipes of different cuisines often share similar ingredients. For instance, they observed similarities (in terms of ingredients used) between cuisines attributable to geographic proximities such as between Chinese and Japanese as well as between Spanish and Italian.

Given a list of ingredients in a cooking recipe, what do we know about the cooked dish? Su et al. (2014) studied the cuisine classification (e.g. Chinese and Italian) of recipes and applied associative classification and support vector machine (SVM) (Hearst et al. 1998) in classifying a recipe based on the set of ingredients used. SVM is a supervised learning model for classification and regression analysis. It transforms and separates data points into different classes in higher dimensions through a hyperplane constructed optimally. Figure 8.2 illustrates the SVM method.


[image: An exhibit depicts a hyperplane in a high - dimensional space that separate data points into different classes.]
Figure 8.2 Illustration of the support vector machine method.

In their recipe recommendation method, Ueda, Takahata, and Nakajima (2011) modelled users’ food preferences based on ingredients of their favourite cooking recipes. Their method considers an ingredient that a user consumes repeatedly in his/her meals as a favourite of his/her. Recipes of these meals are broken down into ingredients for frequency calculation. Apart from favourite ingredients, the method also accounts for a user’s disliked ingredients – those ingredients that a user never uses despite appearing in the user’s recipe browsing history.

Teng, Lin, and Adamic (2012) considered relationships among recipes in terms of ingredient co-occurrence and substitutability in their recipe recommendation method. While ingredient co-occurrence is statistically derived from recipes, ingredient substitutability and adjustment (in quantity) are derived from suggested modifications in users’ recipe reviews.



Cooking Procedures

While characterizing recipes based on ingredients is a useful approach to classifying them in many applications, such as food recommendation, many recipes that share similar ingredients differ significantly in their cooking methods and procedures. Wang et al. (2008) modelled a recipe as a cooking graph in which ingredients “flow” across actions. They devised a similarity measure based on such graphs which can be applied in recipe search and recommendation. Mori et al. (2014b) represented a recipe’s procedural text as a directed acyclic graph. Their method involved training a word segmenter and a named entity tagger with an annotated corpus. Mori et al. (2014a) developed a method for generating procedural text from flow graphs and applied it to recipes.

Chang et al. (2018) used an ordered tree structure in modelling a recipe and measured procedural similarity in terms of tree edit distance (Tai 1979). Figure 8.3 illustrates the idea of a tree representation of a recipe. Chang et al. (2018) devised a computational pipeline that scrapes online recipes and translates them into the tree representation. Their work was aimed at helping users sort out and choose among the different recipes for a given dish.


[image: An exhibit depicts a scrambled egg recipe tree structure with ingredients, steps, and relation.]
Figure 8.3 A tree representation of a recipe.

Yamakata et al. (2016) developed a method for representing the workflow described in a recipe as a tree diagram. Their method depends on the combined application of word segmentation, recipe term identification, and edge weight estimation. Pan et al. (2020) translated recipes into the tree representation manually. Their aim, however, is to capture sequencing information implicit in text with the help of visual information and vice versa.




Food Image Recognition

Nowadays, we can find numerous food images on the Internet. With social media, food is a popular category on picture-sharing platforms, such as Instagram (Hu, Manikonda, and Kambhampati 2014) and Twitter (Yanai et al. 2019). Sorting these images which are often minimally captioned and retrieving their recipes from recipe collections is a challenging task.

Image recognition has applications in the food domain such as food logging (Kitamura, Yamasaki, and Aizawa 2008; Sahoo et al. 2019), dietary assessment (Liu et al. 2016; Van Asbroeck and Matthys 2020), and food safety (Khan et al. 2021) (see Figure 8.4). Automatic and accurate recognition of food ingredients in food images can be a convenient way of tracking our diets for health-related purposes (Chen et al. 2010).


[image: An exhibit depicts a food recognition system with a log, ingredient identification, nutrition extraction, and user safety.]
Figure 8.4 Use cases in food image recognition.

Yang et al. (2010) tackled the problem of food image recognition by modelling spatial relationships among ingredients in a food image. Their method involves feature engineering and the use of SVMs (see Figure 8.2) (Hearst et al. 1998). Chen et al. (2012) developed a model that automatically identifies the food dish in a picture and provides nutritional information such as calories and ingredients. Their model is also based on a SVM classifier (Hearst et al. 1998).

Much progress has been made in image recognition due to advance in deep learning. While SVMs perform well with small datasets in image recognition, neural networks have generally outperformed SVMs in terms of accuracy when using large datasets. Neural networks are also able to handle more complex features. The development of deep learning techniques such as convolutional neural networks (CNNs) has vastly increased the ability of AI in vision tasks including classification, segmentation, and captioning. These techniques can be readily applied in identifying food dishes and their ingredients from pictures.

CNNs can recognize complex patterns in images by employing multiple layers of artificial neurons to process image data by means of convolution, pooling, and activation. Convolution involves producing a feature map for a small image region such as an edge or a shape. Pooling compresses a feature map with a function such as average or maximum. Activation endows a neuron with non-linearity with a function such as a rectified linear unit function. Through multiple layers of convolution, pooling, and activation, CNNs are trained to recognize images based on complex features that can be learnt from large image datasets using back propagation and gradient descent methods.

Kagaya, Aizawa, and Ogawa (2014) trained a CNN for food image recognition which attained higher accuracy than a number of SVM-based methods in a benchmark test based on a fast-food image dataset (Chen et al. 2009). They observed that colour features are dominant in food image recognition using their trained CNN and this echoes previous findings on handcrafted colour features for food recognition (e.g., Bosch et al. 2011).

Chen and Ngo (2016) applied a CNN for the recognition of ingredients in food images and obtained ingredient labels for text-based retrieval of recipes. While their deep learning use case involves learning the appearance of ingredients in different dishes over many example images, it does not take advantage of learning (jointly) from the corresponding recipes about the presence of individual ingredients. This issue is addressed in use cases of cross-modal deep learning, which are discussed in the next section.



Cross-Modal Recipe Retrieval

Cross-modal retrieval allows users to issue a query using one type of media such as image and get results in another type such as text. Deep learning supports cross-modal retrieval that utilizes food images to retrieve recipes and vice versa. Figure 8.5 shows some use cases of cross-modal recipe retrieval. This section reviews some deep learning approaches to cross-modal retrieval for recipes.


[image: An exhibit depicts the image - to - recipe retrieval and recipe - to - image retrieval.]
Figure 8.5 Use cases of cross-modal recipe retrieval.


Visual-Semantic Embedding Models for Recipes

The deep learning approach to cross-modal visual-language retrieval is underpinned by training a visual-semantic embedding model to represent visual objects based on image data and labelling text (Frome et al. 2013). Exploiting the correspondence between food images and recipes in deep learning models can lead to improved performance in retrieval but also requires a large number of recipe-image pairs as training examples. Salvador et al. (2017) introduced a large-scale dataset with over 1 million cooking recipes and 800K food images. Using this dataset, they trained a deep learning model that maps pairs of recipe and image into a joint embedding space through which cross-modal (image-to-recipe or recipe-to-image) retrieval can be carried out. Figure 8.6 illustrates this approach.


[image: An exhibit depicts the L S T M and C N N encoder that integrates information from textual recipes and associated visuals, into a joint embedding space.]
Figure 8.6 Modelling cross-modal recipe data in a joint embedding space.

Min et al. (2016) incorporated additional recipe attributes such as cuisine and course in the modelling framework for recipes. Their modelling approach can be applied in (1) cuisine classification, (2) attribute-augmented recipe-image retrieval, and (3) ingredient and attribute inference from food images.

Other researchers have extended the cross-modal modelling approach with attention mechanism for improved performance. Chen et al. (2018) encoded the title, ingredients, and instructions separately and leveraged attention mechanism in addressing the cause-and-effect relationships between ingredients and actions in recipes. A joint representation was learnt together with food image data for use in cross-modal retrieval. Fu et al. (2020) applied attention-based learning to food images and recipe text using CNN and Recurrent Neural Network (RNN), respectively, and then aligned the learnt representations for cross-modal consistency and retrieval.

Zhu, Ngo, and Chan (2021) considered the effectiveness of exploiting ‘noisy’ recipe data from the web for cross-modal learning with image data. They found that although noisy recipe data alone do not lend themselves to more effective food recognition, their pairing with image data does improve retrieval performance. Xie et al. (2021) trained a three-tier joint embedding model for cross-model retrieval between image and text involving recipe text, instruction text, and food images. The model has been applied to both image-to-recipe and recipe-to-image retrieval.

A common way to find recipes is based on the ingredients to be used (Teng, Lin, and Adamic 2012). Salvador et al. (2021) introduced a hierarchical recipe transformer for encoding recipe titles, ingredients and instructions separately, and trained a joint embedding space with image data. Their experimental results with this model set new benchmarks in cross-modal recipe retrieval.



Image-to-Recipe Retrieval

In the age of social media, users may find recipe ideas by browsing through online photos of food dishes and use an AI system to retrieve recipe text for discovery and inspiration of cooking ideas. In an educational or research application, cross-modal retrieval can support exploration and research about food cultures and cooking techniques through visual examples. Many smartphone users have found it convenient to keep a picture log of their food intake for health-related purposes (Kitamura, Yamasaki, and Aizawa 2009; Kawano and Yanai 2014). Determining the nutritional content of food items in such a picture log is, however, a challenging task which requires knowing the food recipes. A potential solution is to use a search engine based on image-to-recipe retrieval for querying recipes by food pictures. Figure 8.7 illustrates this solution.


[image: An exhibit depicts an image - to - recipe search engine queries recipes by food pictures from database.]
Figure 8.7 A search engine solution based on image-to-recipe retrieval.

Jing-jing Chen, Ngo, and Chua (2017) applied deep learning in food recognition and recipe retrieval. Their model extracts information about ingredients, cutting, and cooking methods from a food image and uses such information in retrieving relevant recipes. This model covers over a thousand ingredients and a few dozen cooking methods and several cutting methods. In tackling the problem of predicting the relative amount of each ingredient in a dish as presented in an image, Li et al. (2021) proposed a learning architecture which combines food image and recipe data including titles, ingredients, and instructions (cooking actions).



Recipe-to-Image Retrieval

Cross-model retrieval can support text-to-image retrieval of food images – given the title and/or some ingredients of a recipe, retrieve relevant pictures of the food item or its constituent ingredients. Text-to-image retrieval is a relevant task in food applications, such as recipe search (Xie, Yu, and Li 2010), food recommendation (Wang et al. 2021), recipe visualization (Zhu et al. 2019), and creative cooking (Varshney et al. 2019).

Researchers in recipe-to-image retrieval have so far focused on the end-product of following a cooking recipe (e.g. Xie et al. 2021). However, the requirements of retrieval may cover images of ingredients not only in their individual original form, but also in their work-in-progress form. Zhang, Yamakata, and Tajima (2019) tackled the problem of retrieving images of ingredients during the different stages of cooking. They took a stage-wise curriculum learning approach and obtained better performance than a baseline approach which did not account for stages.




Recipe Question Answering

Information retrieval (IR) has traditionally been a major computer/library science application aided by natural language technology in many domains including cooking recipes (Hamada et al. 2000; Wang et al. 2008; Yu et al. 2011). While the question answering (QA) approach to IR has a long history dating back to late 1950s (Simmons 1965), interest in domain-specific QA systems surged in 2010s amidst rapid advance in neural language modelling technology. In particular, deep learning has found many applications in knowledge management and IR (e.g. di Buono et al. 2013; Llamas et al. 2016; Cosovic, Jankovic, and Ramic-Brkic 2021).

Traditionally, QA is an IR task that takes a natural language query in a certain domain, e.g. flight information, and returns an answer (Woods 1968; Harabagiu, Maiorano, and Paşca 2003; Zhu et al. 2021). Modern QA systems are designed to extract answers from large text collections in unspecified domains and hence the term open-domain QA. While the web as a whole consists of mostly unstructured documents, clusters of semi-structured knowledge, such as the Wikipedia, exist and can be exploited by open-domain QA systems (Ryu, Jang, and Kim 2014). Web search engines can be seen as a kind of indirect open-domain QA systems that output (links to) web pages as indirect answers to input keywords as questions. Modern open-domain QA systems are designed to extract answers from large open text sources such as Wikipedia.

The following subsections review some deep learning approaches to QA systems and some use cases in recipe question answering (see Figure 8.8).


[image: An exhibit depicts the cross - lingual query response issue with recipes, food imagery, and cooking videos.]
Figure 8.8 Use cases in recipe question answering.


Open-Domain QA Systems

When developing and benchmarking open-domain QA systems, researchers often employ encyclopaedia-based datasets for model training and experiments (e.g., Rajpurkar et al. 2016; Kwiatkowski et al. 2019). For instance, Natural Questions (NQ) (Kwiatkowski et al. 2019) is a QA systems benchmark dataset constructed by human annotations based on the Wikipedia. The questions were sourced and anonymized from the Google search engine with human annotators creating answers to each question based on a chosen Wikipedia page. WikiQA (Yang, Yih, and Meek 2015) is a similar dataset though smaller in scale. Many examples can be found in the TREC Question Answering Conference Track (Voorhees 1999).

Figure 8.9 illustrates the structure of an open-domain QA system. Conventional open-domain QA systems (Moldovan et al. 2000; Ryu, Jang, and Kim 2014) typically operate as a pipeline of three components. In Question Analysis, questions need to be classified (e.g., yes/no, quantity, etc.) and understood for which part of a question is key to the answer (e.g., What foods do people eat on Chinese New Year?). Zaib et al. (2022) summarize the common types of question, including factoid, confirmation, simple, and complex. Complex questions are those whose answers require combining cues from multiple documents or complex techniques such as multi-hop reasoning (Welbl, Stenetorp, and Riedel 2018).


[image: An exhibit depicts the question analysis, passage retrieval, and answer extraction stages in an open - domain Q A flow.]
Figure 8.9 Structure of an open-domain QA system.

In Passage Retrieval, relevant passages are retrieved from the indexed text collection(s) and ranked based on the results of Question Analysis. In Answer Extraction, candidate answers are extracted from the retrieved passages and ranked on the same basis above. Note that the first two components together serve the role of Passage Retriever, or simply Retriever, whereas the third component serves as the Reader.

There have been two common approaches to generating example question–answer pairs for training and testing QA models which we call natural and derivative. The natural approach, e.g., NQ (Kwiatkowski et al. 2019), collects naturally occurring questions in the wild, e.g. search engine logs, and employs human annotators to research the answers. The derivative approach, e.g., SQuAD2 (Rajpurkar, Jia, and Liang 2018), curates documents on a wide range of topics and employs human annotators to derive question–answer pairs from the documents. Note that the derivative approach also lends itself to generating synthetic QA corpora for training but not benchmarking purposes (Alberti et al. 2019).

There have been arguments against each other between these two approaches: e.g. compared with NQs, derived questions may not reflect realistic, externally valid information needs of users; whereas naturally occurring questions can often be noisy, ambiguous, or unanswerable.

Zhu et al. (2021) listed over 30 benchmark datasets for evaluating performance of OpenQA systems, including SQuAD (Rajpurkar et al. 2016), SQuAD 2.0 (Rajpurkar, Jia, and Liang 2018), HotpotQA (Yang et al. 2018), XQA (Jiahua Liu et al. 2019), and DROP (Dua et al. 2019). Alberti et al. (2019) considered the generation of question–answer-context triples from unlabelled text for pretraining a model which is then finetuned on a target dataset. Their method improved the performance of the QA task on the SQuAD2 (Rajpurkar, Jia, and Liang 2018) and NQ (Kwiatkowski et al. 2019) datasets.



Deep Learning Models for QA

Deep learning models such as RNN (Elman 1990) have brought significant improvement in QA as a natural language processing task (Chen et al. 2017). Deep learning has proved effective in enhancing both the Retriever and the Reader in a QA system. Chen et al. (2017) used an RNN to implement the Reader in a Wikipedia-based QA system. Example questions, each paired with a corresponding paragraph from Wikipedia containing the answer, are used as training data for a deep neural model that learns to identify answers from the given paragraphs. Karpukhin et al. (2020) used Transformer-based language models to implement an efficient run-time Retriever for the QA task. Lee, Chang, and Toutanova (2019) trained a joint Retriever and Reader model based on the entire English Wikipedia corpus to learn to both retrieve relevant passages and pinpoint answers.

Training these deep learning models, however, requires a large quantity of labelled data which are expensive to collect manually. Recently, researchers have found ways to generate training data in scale from unlabelled text and thereby advance the performance of QA systems (Yang et al. 2017b; Dhingra, Danish, and Rajagopal 2018; Alberti et al. 2019; Chan and Fan 2019; Kriangchaivech and Wangperawong 2019; Lopez et al. 2020). For instance, Yang et al. (2017b) explored QA generation from a combination of labelled QA examples and unlabelled text as a novel semi-supervised learning approach to training a QA model. Alberti et al. (2019) trained separate models for (1) sampling answers, (2) generating questions, and (3) predicting extractive answers, respectively, based on labelled QA data. When the models are applied to unlabelled text, sampled answers are matched with corresponding predicted answers (of generated questions) as a consistency test. QA corpora thereby generated are shown to be effective in pretraining QA models to gain significant improvements on QA benchmark datasets.



Cross-Lingual QA

Supporting IR with content in one language through QA in another language, i.e., cross-lingual QA, helps users overcome potential language barriers. For many people, it would be helpful to learn cooking if they can ask questions about cooking in their native languages and get answers from recipes written in foreign languages that they cannot read.

Traditional approaches to cross-lingual IR involve translating queries into the default content language for retrieval and then back-translating the results into the query language. Ferrández and Ferrández (2007) identify different types of machine translation errors and discuss how these errors affect cross-lingual QA. They propose solutions that involve performing question analysis in the source rather than target language. To overcome potential bias in translation (Ferrández and Ferrández 2007), natural language processing techniques based on parallel language corpora can expand a query for alignment of similar terms across languages (Hull and Grefenstette 1996; Sheridan and Ballerini 1996).

More recently, as neural machine translation becomes increasingly accurate, cross-lingual QA can benefit from forward–backward machine translation as shown in Yan et al. (2021). Through a series of experiments, Perevalov et al. (2022) showed that machine translation can be effective in supporting cross-lingual QA.

However, cross-lingual QA is vulnerable to cultural bias (Asai et al. 2021a). A QA model trained in one language (e.g., Chinese) may not do as well in answering questions translated from another language (e.g., English) because of the following.




Content Bias

Asai et al. (2021a) quotes an example of this bias according to Callahan and Herring (2011) regarding famous people. Given a question in Japanese about a random famous American, it is less likely to find an answer in Japanese materials than if English materials are also searched and read. One can imagine a similar situation with exotic foreign foods.



Question Bias

Cultural bias can also manifest in the nature of questions versed in a particular language. For instance, consider a set of real world questions posed in various languages about the Chinese food crowdsourced from random sources on the Internet. Now consider the people who posed these questions. A reasonable assumption is that those who posed their questions in Chinese are likely to have better knowledge of the Chinese culture than the others and be able to ask more pertinent and specific questions. According to this assumption, a monolingual QA model trained from questions posed originally in Chinese may not be well suited for handling questions translated from other languages to Chinese.



Translation Errors

Ferrández and Ferrández (2007) identify different types of machine translation errors and discuss how these errors affect cross-lingual QA. They propose solutions that involve performing question analysis in the source rather than target language.

Asai et al. (2021b) addressed some of the above issues by training a dense passage retrieval model that retrieves top k passages for each question in a particular language L (e.g., English). A generative model is also trained to generate answers in L. Instead of relying on machine translation tools, a data mining exercise (using Wikipedia language links, e.g.) is performed to obtain multilingual versions of question–answer-passage examples and use them for further training.


Visual Question Answering (VQA) Using External Knowledge

As a computer vision task, VQA can be defined as: given an image and a natural language question about the image, provide an accurate natural language answer (Antol et al. 2015). Often times, such a question may require information that is related to the content of the image but only exists in an external source. Answering such a question requires the retrieval of relevant information from an external source before an answer can be derived.

A major approach involves the training of a deep learning model that maps semantically related visual and textual data into a joint embedding space (Frome et al. 2013). With these models, passages that are vectorized and indexed in that space can be retrieved by vectorizing multimodal queries (i.e., images + questions) as keys for searching through the same indexed space (Qu et al. 2021). The retrieved passages are then passed to a trained QA reader for answer prediction (Luo et al. 2021). Figure 8.10 illustrates this approach for recipes.


[image: An exhibit depicts a cross - modal query of food image with text, asking presence of cheese.]
Figure 8.10 Visual question answering (VQA) based on a cross-modal representation of a multimodal (image + text) query.

Antol et al. (2015) proposed the free-form and open-ended VQA task and provided a dataset with around 250K images with questions and answers. Goyal et al. (2017) constructed a more balanced dataset for the same task with around twice the number of image-question pairs.



Video QA

Recent advance in the bridging between understanding of video content and corresponding natural language descriptions has provided impetus to the Video QA task. Figure 8.11 illustrates this task in the cooking domain.


[image: An exhibit depicts a video Q A model for how many parts it should be cut into.]
Figure 8.11 An example of the VideoQA task in cooking.

Fu et al. (2021) trained a transformer-based end-to-end video-language model that achieved state-of-the-art performance in the VideoQA task. Yang et al. (2021) developed an approach to generating video-question–answer examples in scale and using them in pretraining a model that can be finetuned for specific VideoQA task. Zhong et al. (2022) surveyed the latest developments in VideoQA and provided a taxonomy of the task in its different forms and modelling techniques. In particular, they identified the handling of inference questions as an urgent challenge. Yang et al. (2022) collected a dataset of videos with Q&A examples, called iVQA, which contains a large portion of examples in the cooking domain.



Conversational QA

ConvQA allows a user to start with an underspecified question, get a response, and then follow up with a further question and so on. For each follow-up question, the system needs to take into account all the preceding exchanges in order to understand it correctly.

Vakulenko et al. (2021b) provide a survey of question resolution methods for ConvQA. Qu et al. (2020) developed an open-retrieval ConvQA system with a straightforward concatenation of preceding questions to the current question for the purpose of top-k passage retrieval. With binary term classification (Voskarides et al. 2020), a term used in a preceding question is classified as relevant if it appears in a relevant passage of the current query. Such relevant terms are added to the current query to expand its scope in passage retrieval. Other methods to rewrite the current query are discussed elsewhere (Elgohary, Peskov, and Boyd-Graber 2019; Yu et al. 2020; Vakulenko et al. 2021a, 2021b). Lin et al. (2021) combined term importance estimation and neural query rewriting to improve performance in passage retrieval.




Recipe Generation

Recipe retrieval aims to find an existing recipe based on a user’s query. It tries to find the most relevant recipe in collections based on attributes, such as title, ingredients, and cuisine or a food picture. Unlike recipe retrieval, recipe generation involves generating recipes based on a model of what a recipe constitutes and how different constituents are composed together into realistic coherent recipes. In other words, a recipe generation model harnesses recipe knowledge and composition to produce novel but realistic recipes.

Recipe generation can contribute to creative cooking (Varshney et al. 2019). Generating variants of the same recipe with substitute ingredients can be a useful means of satisfying people with particular dietary requirements (Fatemi et al. 2023). AI methods can also generate personalized recipes tailored to someone’s historical preferences on ingredients or cooking methods (Majumder et al. 2019). Food enthusiasts may use AI to create new recipes based on examples or cooking styles as shown in food images (e.g. Salvador et al. 2019; Wang et al. 2019). Figure 8.12 summarizes the above applications of recipe generation.


[image: An exhibit depicts recipe generation for fried egg with substitution, creativity, personalisation, and image, video references.]
Figure 8.12 Some applications of recipe generation.

Researchers have studied various deep learning approaches to modelling and generating cooking recipes. The following subsections review some of these approaches. Figure 8.13 shows some use cases of recipe generation.


[image: An exhibit depicts recipe generation by user from a food image, cooking video, and foreign language recipe.]
Figure 8.13 Use cases of recipe generation.


Recipe Generation with Recurrent Neural Networks

RNN models have been applied to natural language generation (NLG) tasks (Gatt and Krahmer 2018), including recipe text generation (Kiddon, Zettlemoyer, and Choi 2016; Majumder et al. 2019; Lee et al. 2020). Given a piece of input text, an RNN can generate further text “word-by-word” to extend the input in a linguistically coherent manner. It does so based on a neural network model trained with a large dataset of human-generated text. Figure 8.14 illustrates the working of RNN text generation.


[image: An exhibit depicts the output, hidden, input state vectors in text generation process for R N N for text generation.]
Figure 8.14 A recurrent neural network (RNN) for text generation.

Training a RNN for text generation requires a large amount of text examples. Issues of using RNNs in text generation include vanishing gradients (Hochreiter and Schmidhuber 1997; Hochreiter 1998), softmax bottleneck (Yang et al. 2017a), and lack of long-term memory (Hochreiter and Schmidhuber 1997). The last issue makes it difficult for RNNs to generate coherent text of extended length.

Researchers have applied RNNs in the task of recipe generation. For instance, Kiddon, Zettlemoyer, and Choi (2016) tackled the coherence problem of RNNs in natural language understanding (NLU) with a checklist mechanism in a recipe text generation task. Given a recipe’s title and the required ingredients, the mechanism tracks to ensure the inclusion of all ingredients in the generated text.

Hochreiter and Schmidhuber (1997) developed an improvement for RNNs known as Long Short-Term Memory (LSTM) that address the vanishing gradient problem. Yu, Zang, and Wan (2020) applied LSTM in a recipe generation model that accounts for user preferences such as ‘low sugar’ or ‘low fat’.

Cho et al. (2014a) introduced yet another improvement for RNNs known as Gated Recurrent Units (GRUs) that uses fewer parameters than LSTM. Majumder et al. (2019) applied GRUs in their recipe model that attends to a user’s historical preferences in generating recipe text with incomplete ingredient details.



Recipe Generation with Large Language Models

Recurrent neural networks can learn to map sequences of input text to desired output sequences such as some translations of the input text. This has been applied to cooking recipe text with encouraging results. However, the performance of RNNs has largely been superseded by a more sophisticated type of neural network known as transformer.

Transformers are feed-forward neural networks (no loops) that focus on relevant parts of an input sequence using a so-called attention mechanism. These networks support processing in parallel and are easier to train than RNNs for long sequences. When applied to language tasks, such as machine translation, QA, and natural language understanding, transformers have achieved state-of-the-art results.

Large language models (LLMs) are large-scale neural networks based on the transformers’ architecture with huge numbers of parameters and are typically pretrained with large datasets based on unsupervised learning objectives. LLMs can be finetuned with cooking recipe datasets and used for a number of tasks. For instance, they can be used for generating plausible recipes based on narrative inputs from users.

LLMs have come of age with the arrival of models such as GPT-3 (Brown et al. 2020) and BERT (Devlin et al. 2018). These models have attained nuanced language understanding which is necessary for carrying out smooth conversations with humans, summarizing long passages, answering non-trivial questions, etc.

LLMs capitalize on unsupervised deep learning based on vast amount of text. These models have surpassed RNNs in performance across multiple tasks. The transformer mechanism, on which LLMs are generally based, can scale up training much higher than RNNs can normally do. An important advantage of the transformer mechanism is that it supports parallel computations in model training and inference whereas RNNs are constrained to sequential computations. This makes LLMs vastly more efficient than RNNs to train and apply. The lack of long-term memory problem in RNNs is also mitigated by the transformer mechanism which famously emphasizes attention in the learning process and captures relevant dependencies across different parts of a text to achieve more nuanced language understanding.

LLMs are pretrained language models that are amenable to finetuning for target applications. Pretraining a LLMs involves using large datasets of text derived from the web and various sources of knowledge such as books. This exposes the model to general knowledge and linguistic skills such as grammar and reasoning. A pretrained model covers a great deal of things across numerous domains without focusing on particular skills domains. It can be rendered more effective at certain tasks such as QA or text summarization with further training based on relatively small task-specific text datasets. Researchers have found this an effective approach to realizing the benefits of expensive large-scale pretraining in a wide range of specific language-based tasks. Figure 8.15 illustrates the use of a pretraining and finetuning in recipe generation.


[image: An exhibit depicts summarization with pre-training, finetuning on task - specific text datasets for recipes.]
Figure 8.15 Pretraining and finetuning a LLM for recipe generation.

LLMs such as GPT-3 have been applied to cooking recipe generation (Metz and Krishna 2022). LLMs excel in generating long coherent passages based on relevant domain knowledge in good writing styles. With proper training (Christiano et al. 2017), they can also address user preferences and personalize results based on users inputs.

Lee et al. (2020) finetuned OpenAI’s GPT-2 large-scale language model (Radford et al. 2019) based on the Recipe1M dataset (Marin et al. 2019) for recipe text generation and built a web application for evaluation. Bień et al. (2020) employed a Named Entity Recognizer to extract food entities from the Recipe1M dataset and used them in finetuning GPT-2 for recipe generation.

Goel et al. (2022) compared a LSTM-based model trained on the RecipeDB dataset (Batra et al. 2020) and a GPT-2 model finetuned on the same dataset for use in a recipe generation task. The two models were evaluated for the task based on BLEU scores (Papineni et al. 2002) and the results show that the finetuned GPT-2 model achieves much better performance in the task.

Liu et al. (2022) studied the use of LLMs in generating realistic recipes. They designed a task for these models to modify the actions in a given recipe in response to an ingredient change. They also finetuned GPT-2 (Radford et al. 2019) with over a million recipes of common dishes for the task. Their experiments with the finetuned models reveal gaps between these models’ and humans’ understanding of recipe text in terms of things such as cooking styles and order of actions.

With LLM based AI chatbots such as ChatGPT (OpenAI 2022), users can ask AI to select ingredients based on seasonal or geographical conditions or suggest cooking methods based on the availability of equipment.



Image-to-Text Recipe Generation

Salvador et al. (2019) treated the problem of recipe generation from food images as sequence generation conditioned on a food image and its (predicted) ingredients. With a model trained on around a quarter of a million recipes with images, their system was able to outperform previous image-to-recipe retrieval approaches and even surpass human efforts.

Wang et al. (2019) devised ACME, or Adversarial Cross-Modal Embedding, an end-to-end framework for cross-modal retrieval and 2-way translation between food images and cooking recipes. They employed an adversarial learning strategy in aligning the text and image modalities. Pan et al. (2020) built a dataset of annotated recipe workflows and trained a model with encodings of cooking step data (text and images) across workflows. Their model showed better performance in predicting relationships between cooking steps than models based on a single modality (text or image).

Generating procedural text from a sequence of photos is a challenge for AI research (Chandu, Nyberg, and Black 2019). This requires training AI models to understand the visual content in each photo as well as the progression of actions/events across photos. Nishimura, Hashimoto, and Mori (2019) studied the generation of recipe text from a photo sequence of cooking. This involved pretraining a joint embedding model for cooking photos and instructions using the Cookpad Image Dataset (Harashima, Someya, and Kikuta 2017).



Video-to-Text Recipe Generation

Cooking videos are popular on social media and many food-related websites such as Allrecipes. Many of them help people learn cooking techniques and give useful tips for making good and delicious foods. Browsing through these videos can provide inspiration and ideas for cooking.

Typically, a cooking video “streams” all information about ingredients, procedures, cooking methods, and other information for preparing a dish audio-visually. The visual content is often accompanied by both speech (e.g., someone narrating) and text (e.g., on-screen text display, subtitles). A straightforward transcription of spoken words (via Automatic Speech Recognition) and display text (via Optical Character Recognition) in a cooking video would suffice as a transcript to accompany the video but hardly serve as a recipe on its own. The challenge of video-to-recipe generation is to distil all the information available across modalities (audio, visual, spoken vs. written, verbal vs. non-verbal, etc.) into a procedural text and ingredient information. Figure 8.16 illustrates the multimodal task of video-to-recipe retrieval and generation.


[image: An exhibit depicts a video - to - recipe retrieval and generation task across audio, visual, spoken and written, verbal and non - verbal modalities.]
Figure 8.16 Retrieving/generating recipes based on cooking videos.

Fujii et al. (2019) tackled the problem of generating recipe text from cooking videos on YouTube. Treating the solution as an image-captioning task, they addressed the issue of maintaining consistency across recipe sentences with sequence learning. Besides, they preprocessed videos by removing irrelevant and blurry scenes with the help of object detection.

Methods to improve the quality of video-to-text generation have been studied by researchers. Guo et al. (2016) addressed the consistency between video content and descriptive sentences in a videos captioning task with a LSTM model for attention to salient visual features in conjunction with a combined 2-D and 3-D CNN representation of video content. Li, Ma, and Han (2015) employed an CNN model together with a RNN model in generating descriptive captions from video clips and applied ranking to generated candidate sentences for improved quality.

Extracting procedure knowledge from cooking videos for recipe text generation is a challenging task (Xu et al. 2020). Methods to improve the quality of video captions have previously been studied by other researchers. Li, Ma, and Han (2015) employed a CNN model together with a RNN model in generating descriptive captions from videoclips and applied ranking to generated candidate sentences for improved quality.

Ghoddoosian, Sayed, and Athitsos (2022) tackled the problem of recognizing tasks (e.g., making coffee) from instructional videos in which certain actions and objects are labelled. They developed a model that learns the hierarchical relationships between tasks and actions and, in addition, the temporal segmentation of video in terms of actions. Ji et al. (2022) created a large instructional video dataset with autogenerated temporal video segmentation. The generation was enabled by a transformer-based model architecture that learnt from a fusion of the video and its transcribed text.

Seo et al. (2022) tackled the task of multimodal video captioning by training a model to predict utterances as captions in a bi-directional (forward and backward) manner: given an utterance in the video and the corresponding video segment, predict the following utterance and, given the latter, predict the former utterance. The bi-directional training ensures proper alignment of video content to generated captions. The model itself consists of a multimodal encoder coupled with a sentence decoder, both transformer-based and supported by masked language modelling (Devlin et al 2018). It achieved state-of-the-art video captioning resulting in the YouCook2 dataset (Zhou, Xu, and Corso 2018) which contains 2,000 cooking videos from YouTube.



Cooking Video Moments

Beside a picture of the fully prepared dish, steps in a recipe can be accompanied by pictures/video clips which help visualize the instructions. Typically, a step-level picture/video clip would show the ingredients and actions (or effects thereof) involved in that step. However, the granularity of steps and the number of accompanying images/video clips for each step can be arbitrary. Doman et al. (2011) studied the synthesis of multimedia cooking recipes from recipe text and a database of manually tagged video clips of cooking operations.

Sun et al. (2019) developed VideoBERT based on off-the-shelf speech recognition, video quantization, and language learning methods for learning a joint model for video and language data. An application of VideoBERT on cooking videos is to take sentences from a recipe and retrieve relevant video segments from the dataset. In order to take better advantage of the multimodal content of instructional videos, Gabeur et al. (2022) took the idea of masked modelling from BERT for language modelling to video modelling with masking applied on the basis of entire modalities and achieved a gain in video retrieval performance with YouCook2 (Zhou, Xu, and Corso 2018) and other datasets. Zhang et al. (2022) gave a survey of recent works in temporal sentence grounding in videos which refers to the retrieval of moments of video that correspond to the semantic content in a language query. They also mentioned the potential of exploiting queries in different modalities (video, audio, speech).

Malmaud et al. (2015) developed a Hidden Markov Model based method for aligning a sequence of recipe instructions to the autogenerated speech transcript of a corresponding cooking video. The alignment is refined by a visual recognizer trained for food items. A useful application of their method is to associate each recipe step with a video segment as a visual illustration of the step.



Recipe Translation and Multilingual Recipe Generation

The translation of cooking recipes into different languages helps make cuisines more accessible to people in different language communities around the world. It can also inspire creativity in cooking and promote sharing of cultures. A well-established application of machine learning in natural language processing is neural machine translation (NMT).

Researchers have studied the application of NMT to cooking recipes and a lot of emphasis is often put on the accuracy of translation (Hasyim et al. 2021). In contrast to phrase-based statistical machine translation (PBSMT) (Koehn, Och, and Marcu 2003), NMT based on sequence-to-sequence modelling has achieved state-of-the-art performance (Sutskever, Vinyals, and Le 2014; Cho et al. 2014b; Bentivogli et al. 2016). Neural networks are often touted as more capable of handling contextual and domain-specific semantics, though significant challenges remain for NMT in some areas (Bentivogli et al. 2016; Koehn and Knowles 2017; Hasyim et al. 2021). For instance, Hasyim et al. (2021) studied the use of Google Translate in translating French-Indonesian recipe text and found issues related to the cultural context of the source and target languages.

Sato, Harashima, and Komachi (2016) compared NMT with PBSMT in translating recipes from Japanese into English. They found that PBSMT tended to make many word order errors whereas NMT was more prone to substitution errors. Both methods, however, suffered from many omission errors. Sato, Harashima, and Komachi (2016) hinted at the need to adapt the machine translation task by taking into account the ingredients and order of actions in recipes.

On the other hand, NMT can be adapted for translation preferences and nuances particular to circumstantial needs and requirements, such as personal preferences, cooking skills, and dietary requirements. Using AI methods to generate recipes and menus in multiple languages also has applications in cooking and the restaurant business (Nobumoto et al. 2017). Neural methods for translating cooking recipes can be extended to the translation of restaurant menus, cooking blogs, subtitles in cooking videos, etc. These methods can also contribute to the discovery and intelligent search for cooking ideas and methods.

NMT can also be extended to multimodal machine translation (Sulubacak et al. 2020; Jiatong Liu 2021) for cooking recipes with the help of images and videos. Mohammadshahi, Lebret, and Aberer (2019) proposed an approach to learn multimodal multilingual embeddings for images and captions from image-caption datasets with bilingual captioning. They demonstrated improvement in the text-image retrieval tasks with English–German and English–Japanese datasets. Huang et al. (2020) exploited NMT to enrich monolingual as well as multilingual textual representations in datasets for learning multimodal multilingual embeddings for images and captions. Their experiments showed some advantage in this approach. Fei, Yu, and Li (2021) considered the use of learnt multimodal multilingual embeddings for images and captions as a means of lessening the reliance on machine translation tools in the multimodal retrieval (MMR) task. They also showed improved retrieval performance with this approach in English–German and English–Japanese datasets.

Researchers have devised neural network models of recipes that explicitly take into account the ingredients and actions and even food images and applied them in machine translation as well as other applications such as image-to-recipe retrieval. Guerrero, Pham, and Pavlovic (2021) exploited both text and image data in learning a joint representation of recipes regularized with imperfect multilingual translations involving multiple alphabets. Through back-translation (Sennrich, Haddow, and Birch 2016), they regularized multilingual recipe text in languages, including English, German, French, Russian, and Korean involving three alphabets (Roman, Cyrillic, and Hangul).




Food Image Generation

The recent emergence of AI methods for generating highly realistic images has inspired use cases in the food domain. Restaurants can benefit from using high-quality food images in their menus and advertising materials. AI can generate dish images in diverse styles to inspire new cooking ideas. Food photographers can benefit from using AI tools to enhance their food images. As far as recipe visualization is concerned, recipe authors can supplement text with generated images and illustrations more conveniently and/or derive variants from conventional photographs.

The following subsections review some major deep learning approaches to image generation and their applications in food image generation. Figure 8.17 shows the main use cases in food image generation.


[image: An exhibit depicts a food image generation from a recipe, enhance style, and edit.]
Figure 8.17 Use cases in food image generation.


Generative Adversarial Networks

Among the different AI approaches to food image generation, generative adversarial networks (GANs) (Goodfellow et al. 2014) feature most prominently. Since the inception of GANs (Goodfellow et al. 2014) in 2014, much progress has also been made in the generation of realistic synthesized images. A GAN consists of a pair of neural networks usually referred to as a generator and a discriminator. The former tries to generate realistic images while the latter strives to distinguish the generated (fake) images from real ones. The two networks are trained simultaneously to work against each other in such a way towards generating highly realistic images. Figure 8.18 illustrates the training of a GAN.


[image: An exhibit depicts a generator and discriminator neural network in adversarial training.]
Figure 8.18 Training a generative adversarial network (GAN).

The GAN approach was also extended to allow for more control over output content and support a variety of image-to-image translation tasks, such as style transfer, object transfiguration, and photo enhancement (Mirza and Osindero 2014; Isola et al. 2017; Zhu et al. 2017). Mirza and Osindero (2014) introduced additional input data (e.g., an input image) as conditions in the training of a GAN and hence the name, Conditional GAN or CGAN. Zhu et al. (2017) extended the GAN approach to translating images from one domain to another without paired training examples. They called this approach CycleGAN. Both CGAN and CycleGAN have featured prominently in research on visualizing recipes (Horita et al. 2018; Papadopoulos et al. 2019; Wang et al. 2019; Zhu et al. 2019; Han et al. 2021; Liu, Niu, and He 2023).

Tanno et al. (2018) demonstrated the use of a GAN for image transformation to convert a given food image from one category (e.g., ramen) to another category (e.g., curry rice) while preserving the outline shape of the food item and its plating. Zhu et al. (2019) used a GAN to generate synthesized thumbnail images from recipes as a means of assisting users in the browsing of recipes as well as providing cues to explain the ranking of recipes.

Papadopoulos et al. (2019) trained a GAN to generate image layers that correspond to changes to the visual appearance of a pizza through the addition and removal of layers of its toppings. The generated images can serve as a visual guide to the procedure of making a pizza. Zhu and Ngo (2020) trained a GAN to ‘simulate’ cooking steps visually through food image transformations based on how cooking methods change the appearance of food ingredients. This could contribute to the ease of not only following a given recipe but also predicting the effect of modifying the recipe on the appearance of the dish.

Zhu and Ngo (2020) incorporated the modelling of cooking actions in CookGAN, a GAN for generating meal images from recipes. Their approach accounts for explicit interaction between ingredients and cooking actions and supports some interesting applications such as “virtual” recipe experimentation through on-the-fly modification of ingredients and instructions. Sugiyama and Yanai (2021) extended a GAN for food image generation with feature disentanglement so that serving and plate styles can be arbitrarily shaped in generated images.

Liu, Niu, and He (2023) developed a GAN for generating food images based on recipe and ingredient labels. Notably, they performed experiments on generating Chinese food images based on a Chinese food dataset (Jingjing Chen and Ngo 2016) with encouraging results.



Large-Scale Text-to-Image Models

The advent of large-scale language-image pretrained models, such as CLIP (Radford et al. 2021), facilitates the cross-referencing between language and images in downstream image tasks, including image generation and image editing. For food image editing, Yamamoto and Yanai (2022) applied VQGAN-CLIP (Rombach et al. 2022) to the task and experimented with dish image editing by prefixing and suffixing dish names with taste adjectives and toppings (e.g., hot-, sweet-, -with egg, -with bacon, etc.).

The diffusion approach to image generation has made significant advance in terms of photorealism recently (Sohl-Dickstein et al. 2015; Ho, Jain, and Abbeel 2020; Song et al. 2020; Rombach et al. 2022). In this approach, deep learning models are trained with examples of adding noise probabilistically to an image over many steps and learn how to reverse this process to obtain photorealistic images. Furthermore, the generative process can be conditioned based on additional inputs in text or images or both, resulting in text-to-image generation (Nichol et al. 2022; Ramesh et al. 2022), inpainting (Sohl-Dickstein et al. 2015), and text-guided image editing (Kawar et al. 2022), respectively.

Hertz et al. (2022) extended diffusion-based text-to-image generation to text-driven image editing without the need of spatial masks. They developed an intuitive prompt-to-prompt editing framework which accounts for the spatial layout of an image to each word in its prompt. This framework supports localized as well as global editing of an image via editing its prompt; it also allows the emphasizing of a certain word for its effect on the image. Mokady et al. (2022) found a way to apply this framework to real (non-generated) images via an inversion technique for text-to-image diffusion models. This allows real images to be edited in the same way as generated images via their prompts.

The performance of text-to-image generators in producing photorealistic images based on text descriptions is subject to the choice of keywords and phrases added to a given description. Finding the appropriate keywords and phrases often depends on human intuition and experience. Researchers have proposed guidelines and techniques for prompt engineering (e.g. Liu and Chilton 2022; Pavlichenko, Zhdanov, and Ustalov 2022; Zhou et al. 2022).

Galatolo, Cimino, and Cogotti (2022) curated a diverse dataset of 300 text and image pairs as a gold standard for evaluating some recent text-to-image models. The dataset was divided into three main categories, namely Painting, Drawing, and Realistic (including food pictures), and involved six data sources, including Wikiart, Deviantart, Openverse, ImageNet Sketch, Wikimedia Commons, and COCO. Generated images were compared with the gold standard in terms of CLIP score and whether they appeared more real (not generated) than the gold standard to human evaluators. Their results show that Stable Diffusion leads the pack in both CLIP scoring and human evaluation. Borji (2022) compared Stable Diffusion, Midjourney, and DALL-E 2 for their ability to generate photorealistic faces. The Fréchet Inception Distance (Heusel et al. 2017) is used as a quality metric for the generated faces.

Petsiuk et al. (2022) compared the ability of Stable Diffusion and DALL-E 2 on three text-to-image tasks (counting, shapes, faces) at three difficulty levels with the help of 20 computer science AI graduate students who provided subjective ratings (1–5) on generated images from the two models. They further devised a text-to-image benchmark for evaluating text-to-image models in a suite of 32 tasks, such as “generating objects with specified colours” and “handling multi-lingual prompts”, that cover a wide range of downstream applications. Cho, Zala, and Bansal (2022) developed an evaluation toolkit for four visual reasoning skills, namely object recognition, object counting, colour recognition, and spatial relation understanding in text-to-image generators. The toolkit involved an object detector trained by simulated data for each of the four skills.




Conclusion

This chapter has reviewed various deep learning approaches to the retrieval, visualization, and generation of cooking recipes and food images. Deep learning has been going from strength to strength in the food application domain. There are now many innovative use cases enabled by deep learning. Developments in AI are happening on an industrial scale at a very rapid pace at the time of writing. While technological advances are opening up exciting new use cases, there are significant issues facing deep learning and its applications, including unfairness, bias, lack of explainability, and large carbon footprints. This calls for attention to the ethical and responsible development and deployment of this technology.



Note

	See definition (4) in Wiktionary (CC BY-SA 3.0) https://en.wiktionary.org/wiki/recipe accessed: 2023-04-27
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Introduction

‘Digital heritage’ has grown in reputation in recent years, and has already made itself a place in people’s contemporary dialect. This catchphrase is not new yet research on the ontology and epistemology of its conceptual foundation has lacked effort from relevant organizations and individuals. One may recall UNESCO’s Charter (2003a), and how it defined ‘digital heritage’ as unique resources of human knowledge and expression “created digitally or converted into digital-form from existing analogue resources”. According to this definition, any digital content i.e. both ‘born-digital’ and ‘digital surrogate’ that possesses cultural value, either in the form of 2D (such as text, image, and motion pictures), or 3D (such as navigational virtual environments or three-dimensional objects), can be classified as ‘digital heritage’. On the other hand, the associated concept of ‘virtual heritage’ (VH), which is commonly used to describe works in virtual reality (VR) and cultural heritage (Roussou, 2002), by definition also falls under the scope of digital heritage. Depending on its locus of creation, digital heritage hence can be either ‘born digital’ (e.g. electronic journals, worldwide webpage) or a ‘digital surrogate’ (made from analogue resources such as 3D scanned objects or digital video of a ritual).

Alternatively, the term ‘Heritage interpretation’ is mostly used to indicate storylines, and offers help/assistance to visitors to engage with and understand the place or objects they are visiting or watching (Beck & Cable, 1998; Goodchild, 2007; Howard, 2003). A more recent review of relevant definitions from heritage scholars and organizations by Rahaman et al. (2017) shows that disciplines like history, archaeology, and heritage management consider ‘heritage interpretation’ as a mere tool for learning, communication, and management that increases visitors’ awareness and empathy of the heritage site or artefacts. By highlighting such ambivalence between various interpretive principles, the authors also reveal that heritage interpretation, traditionally, has aimed to facilitate: (i) learning (convey symbolic meaning); (ii) provocation (promoting attitudinal or behavioural change); and (iii) satisfaction (enhancing enjoyment of the place and visit).

Earlier, Kaptelinin (1996) referred to the human mind as a specific type of information processing unit, where someone’s selection or decision-making process follows a series of information processing steps, which depend on the individual capabilities of visual perception, attention, memory, learning, and mental model (Preece et al., 1993). In a digital heritage or VH site or environment, as people interact with the system or interface, they primarily interact with ‘information’. An individual also recognizes information through an unpredictable pattern, which is dynamic, ever-changing, and, at the same time, unique to that specific person (Bateson, 2000). The feedback from the digital environment between the individual and the context simulates various levels of perceptive and cognitive interactions, which helps internalization and knowledge formation (Nardi, 1996; Vygotsky, 1978). The Oxford Advanced Learner’s Dictionary (Oxford University Press, 2009), defines interpretation as “the particular way in which it is understood or explained”. This definition also points to an inherent duality underlying the terms. Whereas ‘explained’ indicates ‘presentation to’ or ‘communication with’ the visitors, i.e. more as an act of the interpreter or interactive devices or systems, ‘understood’ indicates self-interpretation or self-understanding, or rather, a reflexive phenomenon. Thereby, the understanding of interpretation between Cognitive Sciences and Archaeology appears to be inconsistent.

The definition of ‘interpretation’ in digital heritage theory and discourse is also quite vague, wide, and, so far, no significant method and objective are evident (Affleck & Kvan, 2008; Rahaman & Tan, 2010; Tan & Rahaman, 2009). Driven by widespread popularity and coupled with the vulnerability of losing intricate data, UNESCO (2003b) earlier adopted the Charter on ‘Preservation of the Digital Heritage’, which recognizes the significance and value of digital resources. It also expresses its deep concerns for safeguarding any potential loss of valuable digital resources. However, it is still unclear what progress has been constructed to utilize technology for presenting and interpreting digital heritage. To date, no charter or guidelines for DH or VH exists that is similar to the charter for “Interpretation and Preservation of Cultural Heritage Sites”.

It is due to these inadequacies, the present tendencies of digital heritage, instead of being user-centric, have remained predominantly descriptive, technology-driven, and imposing. Fortunately, the growing concerns for ‘virtual heritage infrastructure’ among contemporary scholars (Champion, 2016a) and standard guidelines (López-Menchero Bendicho et al., 2017) along with the development of social software and Web 3.0, are promising the possibility of an extensible, referential, and interpretive digital heritage environment. These changes demonstrate a fundamental shift in attitude. Through social engagement, end-users are considered active contributors rather than passive spectators or receptors of information. Given the importance of end-users’ involvement in a digital heritage project, one can simultaneously observe the present growing body of work in interaction and collective co-creation among online visitors of digital heritage projects. However, it is little understood how these involvements affect end-users’ interpretation of the inherent significance of a heritage site or artefacts.

In such a context, Rahaman (2018) argued that the interpretive process that allows public participation as through dialogic interaction with effective presentation, cultural learning, and embodiment can enhance end-users’ interpretation of digital heritage. Considering ‘digital heritage interpretation’ as a process rather than a tool to present or communicate with end-users, Rahaman (2018) presented a conceptual model referred to as ‘PrEDiC’ and proposed a framework consisting of 15 considerations to ensure an enhanced interpretation of end-users. The following sections investigate the effects of the PrEDiC framework on Web users’ interpretation of a world heritage site and hence present a critical review of the impact of collective creation and inter-subjectivity among them.



Dialogic Interaction: a Participatory Basis of Understanding

“Tell me …… and I will forget. Show me…… and I will remember. Involve me…… and I will understand” – Confucius.

According to Parry (2007), meaning-making is culturally and historically contingent. For him, meaning can be viewed as a changing phenomenon which depends on the “experiences and knowledge of an individual, and the shifting values and discourses of any given community and society”. However, Snodgrass and Coyne (2006) recognize serious conversation to be a process of understanding. While maintaining reference to Gadamer, they view ‘authentic conversation or dialogue’ as the quintessential hermeneutic event’.

In common sense, nevertheless, dialogue remains a process, where two people try to understand each other. And as it ultimately turns into a true conversation, it can be differentiated from idle chat. Typically, we do not want to conduct a fundamental conversation, but rather we fall for it and get involved. In a true dialogue session, words follow each other. Eventually, the conversation takes its own turns and reaches its own conclusion. A true dialogue influences people to immerse themselves in the discussion, where both parties become concerned, get involved in the recognition and assimilation of the unfamiliar. In the process, both of them are transformed and acquire new understanding.

The same thing happens when a reader starts reading a text, where he or she actually becomes involved in a dialogue with the text, moves to and fro, and continues until an understanding is reached. Such dialogue with the text enables the text to reveal itself and offer new understanding to the reader (Snodgrass & Coyne, 2006). Similar processes happen when we try to understand artworks, such as paintings, sculptures, or even architecture. We move from the details to the whole work and try to relate parts to the whole, thus continuing to gain an overall understanding. On this same note, the intersection between the intellect (product or service) and its user can also be considered as a kind of dialogue. A successful dialogue, therefore, depends on its participants, mode of sharing, and mutual understanding in a unique context that constantly shapes, and in return is shaped by the user and the level of interaction (Mattioda & Vercellone, 2006).

Interpretation, therefore, articulates a dialogic process, where the inquirer involves in a reciprocal process of asking questions and revealing answers from the object at the same time. Such dialogic interaction also occurs during a live conversation (in a creative discourse) among an online community where common interests prevail. For a museum setting, Witcomb (2003) refers to ‘dialogic interactivity’ as a shared dialogue between the museum authority and the visitors to discuss the meaning of any exhibit. This allows the visitors in a museum to pose questions and provide suggestions to contribute to an ongoing dialogue where both groups can acquire a new understanding and meaning of the subject matter. Likewise, one may also hypothesize that a self-reflexive dialogic interaction in a digital heritage environment encourages socio-cultural interaction, allows the accumulation of a multicultural perspective of the past, and promotes collective construction or co-creation of memory. Thus it elicits internalization (Vygotsky, 1978) and enhances meaning-making with other participants (Forlizzi & Battarbee, 2004). However, a dialogue begins in the realm of perception (Roberts, 2010) because, as humans, we are connected with the world through our sensory experiences. We are sensitive to our context and our mind is intrinsically connected to culture and society through the process and phenomena that go beyond the borders between internal and external, individual and collective (Kaptelinin & Nardi, 2006).

Russian psychologist Lev Vygotsky argued against the artificial separations between the mind and behaviour, and between the mind and society (Daniels, 2005; Nardi, 1996). He emphasized the centrality of mediating devices such as language and other tools in the development of mind and thought. According to Vygotsky, “humans develop and learn, in collaboration with others, people act on their immediate surroundings” (Gay & Hembrooke, 2004). An individual’s relationship with and orientation towards an objective is, thus, not only mediated by the tools (to attain the objective) but also by the community that participates in the activity and the division of labour that exists in the community (Engeström, 1999).

Vygotsky further argues that ‘internalization’ is a social practice, initially made available by the social environment, and, only at a later stage, is gradually internalized by the participant at an individual level (Nardi, 1996). Here, Vygotsky refers to internalization as a mode of cultural determination of the mind: the transition of an external operation into an internal one. This philosophical understanding underpins that individually impaired memory and knowledge of culture or context may be socially improved through participation in a dialogue. A dialogue can be multilevel, multidimensional, dynamic, collective, context-sensitive, and mediated by memory sharing. In an interactive dialogic interaction, the participants get involved in a social process. They attempt to accomplish certain goals or objectives, and share diverse combinations of linguistic signs and tools to create or share meanings. Therefore, the activity here unfolds within a social context and transforms both the subject and object to achieve the outcome.

The human mind is inseparable from culture and society. Internalization and externalization are processes that relate human mind to its social and cultural environment. In a dialogic interaction (in a social context), the experiences of other people who tried to solve similar problems earlier and invented or modified the solution (or tool to make it efficient) help others to ‘internalize’. This, Vygotsky referred to as “problem solving under adult guideline or in collaboration with more capable peers” (Vygotsky, 1978). By going beyond an individual’s understanding while activating proximal development, Vygotsky actually indicated the development of ‘inter-subjectivity’.1 By collective practices and collaborative activities, we make sense of our experiences and share meaning with others belonging to the community. Through the process of constant negotiation and dialogue, we come to understand others’ emotion and cognition. Being able to reach beyond our own perception and accept another’s way of thinking thus paves the way to the construction of ‘inter-subjectivity’ (Ligorio et al., 2005) and enhances inter-subjective understanding. In such discursive space, meanings are shared and no longer belong to individuals. Thus, individual understanding evolves through a reciprocal relationship where dialogic interaction plays a key role.

Postulating the fact that cultural heritage is dynamic and knowledge is multi-vocal and fragmented (Thornton, 2007), and can evolve through participation with the environment (Bonini, 2008), cultural learning through dialogic interaction can, therefore, intensify transmission and accumulation of social knowledge and can enhance heritage interpretation.



Digital Heritage and Interpretation

In order to promote non-linear interpretation, Rahman and Tan (2010, 2011) suggested allowing active participants in discursive content creation (i.e. collective knowledge formation) and dialogic interaction (i.e. communication and dialogue among participants and domain experts) to leverage multiplicity and inter-subjective understanding of the past cultural heritage. To achieve a comprehensive interpretation of digital heritage, Rahaman (2018), also presented a conceptual framework for interpreting digital heritage called PrEDiC (Figure 9.1).
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Figure 9.1 Conceptual framework (PrEDiC) for interpreting digital heritage (adopted from Rahaman, 2018).

According to this framework, application of these 04 aspects (which are grounded by 15 considerations) in the interpretation process influences participants’ mental level, and further triggers a positive effect on their state of cognition. As a result, the overall process works towards enhancing end-users’ interpretation of digital heritage.

The interpretation process supports the interests and needs of end-users (i.e. follows a consumerled approach) by providing variety in content, the frequent presence of new information, novelty and surprise in content presentation, and the offer of prospects and challenges to explore. Therefore, it is expected to raise the interest level of end-users. An easy orientation and navigation system that allows end-users to have full control over their visit should, therefore, help them minimize fatigue. Possible connection to the visitors’ background and experiences, and encouragement for them to become active participants with the possibility of receiving awards or feedback, would help end-users to be embodied with the system (i.e. the tool/media which provides the necessary gateway to the information/environment).

Motivating end-users to collect or personalize artefacts (digital), helping them to reveal symbolic meanings of those artefacts, and encouraging them to discover or share new information, would lead them to contextualize and get culturally attached to the context. Moreover, while end-users actively start engaging in the interaction process (i.e. begin to explore, manipulate, and contribute), and start making dialogue with other participants, they would inevitably begin to contribute at the narrative level by sharing social and cultural knowledge; eventually, they also start becoming a part of the community.

This way, the interpretation method offered by the PrEDiC model is expected to stimulate participants’ mindfulness by influencing them to raise their interest level and minimize fatigue. Considering architecture as a social product, meanings also occur from circumstances or context rather than only from ‘form’. Embodied interaction helps to contextualize, and hence enhances meaning-making in the cognitive level. Moreover, sharing and contributing through the dialogic interaction also enhance socio-cultural activities, and elevates an individual experience to co-experience and inter-subjective understanding. Thus, internalization and cultural learning are equally elicited.

According to this framework, therefore, a certain enhancement of end-users’ interpretation of digital heritage is expected through the establishment of these four aspects, i.e. Presentation, Embodiment, Dialogic interaction, and Cultural learning in the aforementioned interpretive process.



Implementation and User Study

To verify the usefulness of the PrEDiC framework, it has been tested and implemented on a 2D online platform to measure its impact on end-users’ interpretation level. This testing of the conceptual framework has been substantiated by converging all four aspects and fifteen considerations to ‘operational functions’ (i.e. operationalization of the considerations) for achieving higher satisfaction, provocation, learning, and understanding of the past from multiple perspectives. These were all carried out by a controlled group of end-users. Based on the offered functionalities (modules) of a free CMS engine (Dolphin), the experiment platform was developed (Figure 9.2). Some modifications and updates have been carried out to the present modules to ensure the desired interaction and functionalities to support all the ‘considerations’ proposed by the PrEDiC framework.


[image: An exhibit depicts a web page with the experiences and memories about Sompur Magavihara heritage.]
Figure 9.2 Screenshot (partial) of the main page.

According to the PrEDiC model, changes in end-users’ interpretation occur with the application of different interpretive methods. A comparative experimental design was therefore chosen to compare the effectiveness of the proposed framework against the conventional linear interpretation method, and to understand the group behaviour dynamics. With reference to Kumar (2005) and Jex (2002), the comparative experiment primarily aims at measuring dependent variables (i.e. satisfaction, provocation, learning, and multiple perspectives of the past) by manipulating the independent variables (that is the ‘process of interpretation’) under controlled conditions. The Sompur Mahavihara in Bangladesh (a Buddhist monastery) – a world heritage site – was selected as the case here, while different treatment models (experiment platforms) were prepared and offered to the aforementioned two pre-selected groups.

A total of four groups of participants were chosen to participate in this experiment. However, a large number of online participants (anonymous) also took part in the ‘online public participation’ phase. Undergraduate students from Khulna University, Bangladesh, were selected as respondents and purposive sampling was used for their selection (Homles et al., 2005; Tan, 2004). Participants were selected on the basis of having (i) an interest in cultural heritage; (ii) access to the Internet; and (iii) willingness to participate in the survey on a voluntary basis. Before the initiation of each experiment, an orientation clarified the significance and rationale of the study. Furthermore, the use of the experiment platform was explained and demonstrated to the participants. Figure 9.3 describes the procedure, group formation strategy, and tasks of each group during the experiment.


[image: An exhibit depicts the evaluation and constructing experimental phases with participants, group task, and outcomes.]
Figure 9.3 Different groups and their task during the experiment.

A total of 160 respondents were selected and divided into two groups (A and B). Group A was offered an experiment platform with a linear interpretive framework. On the other side, the experiment platform that was developed based on the conceptual framework (PrEDiC) was then introduced to group B. Following each experiment, end-users’ responses were collected through a semi-structured questionnaire. However, part of the questionnaire only investigated group B, looking for their frequency of communication with others (i.e. dialogue) and frequency of contribution, manipulation, and exploration (i.e. interaction) during the week-long experiment (Table 9.1; Figure 9.4, Figure 9.5, Figure 9.6).



Table 9.1 Remembering, Recall and Identification of wrong information between groups


	Responses on
	Respondent category
	χ2 value



	Group A (%)
	Group B (%)





	Recall number of cells
	65.6
	80.6
	p < 0.049



	Recall period of construction
	24.7
	41.7
	p < 0.027



	Identified wrong image
	66.2
	65.3
	p > 0.911







[image: The trends in experiment platform usage throughout the week have been plotted with bars.]
Figure 9.4 Frequency of using the experiment platform during the experiment week.


[image: An exhibit depicts the Mean and ANOVA values for appreciation of visit  indicators, variables, and responses.]
Figure 9.5 Participants reporting on appreciation of their visit.

(Legend: S.A. = strongly agree, A = agree, N = neutral, D = disagree, S.D. = strongly disagree)



[image: An exhibit depicts the Mean and ANOVA values for self - attitudinal change indicators, variables, and responses.]
Figure 9.6 Participants reporting on self-attitudinal changes.

(Legend: S.A. = strongly agree, A = agree, N = neutral, D = disagree, S.D. = strongly disagree)


Based on the user study, it was evident that irrespective of some common experiences, significant differences in attaining new perspectives persisted between the groups. The empirical evidence from the survey responses indicated that a higher ‘interpretation’ of digital heritage (i.e. Sompur Mahavihara) became apparent among group B. The quantitative evidence received from the semi-structured questionnaire also seems to support the qualitative written responses by the respondents. Group B was found to have acquired diversified information from the contributions of others and had become more attached to the community. They were also found to have spent more time in interacting and exploring the experiment platform compared with group A. Greater interaction and dialogue with others, coupled with access to an explicit generic knowledge base, have possibly helped them understand more about the cultural, spatial, historical, and architectural issues pertaining to Sompur Mahavihara. Indeed, this outcome signifies the impact of the PrEDiC framework on end-users. Additionally, this user study raised a few issues and engendered a new understanding of end-users’ involvement in a digital heritage project. The following section sheds light on the impact of dialogic interaction and collective creation among end-users.



Reflection: The Convergence and Fragmentation

Presenting heritage and involving people in the interpretative process is nothing new. Thompson (1981) referred to ‘secondary interpretation’ as the popular transmission of primarily interpreted knowledge. Similar concepts were found in Fitch (1982), described as ‘popular interpretation’, and also in Copeland (2004), described as ‘public construction’. Dialogic interaction, on the other hand, allows dialogue and communication among end-users, and enhances interaction (i.e. exploration, manipulation, and contribution). Moreover, due to the process of dialogue and interaction, it creates or generates ‘collective contents’ from a cultural disposition of shared spatial experiences by end-users. This way, dialogic interaction offers end-users the opportunity to explore an explicit knowledgebase that is more generic and, at the same time, complements the ‘professional’ (or given) content.

The challenge of this work was not only to evaluate the impact of the interpretive process. But it was also interesting to note how end-users within an online heritage site behaved like collective individuals, similar to contributors of Wikipedia, and faced various critical challenges and multifaceted issues to reinvent the group dynamics. We noticed that individual queries were often answered by others, while wrong or obscured information was re-conceptualized and discussed among members. Some threads of themes that became evident from these issues are presented in the following sections.


End-users: from Consumer to a Content Producer

Heritage ‘interpretation’ has always been treated as a mere tool for presentation and communication with visitors. In archaeological interpretation, these considerations actually refer to a passive mindset of ‘experts’. Here archaeologists have always been considered as the interpreters of the past and present, whereas the visitors are treated as consumers with petty knowledge “to make sense of the information” (Moscardo, 1999, p. 34). As Borun reports, “…the majority of our visitors are novices – not experts. They lack a specialized knowledge base, language, concepts and ways of thinking and looking which experts acquire through learning and practice” (Borun, 1991 in Moscardo, 1999). Although digital heritage has the ability to develop polysemic content by allowing active participation in content creation, development, and dissemination, it is evident that, in general, most of the digital heritage projects follow the notion of archaeological interpretation (i.e. professionals interpret and visitors consume), while representing the past from a singular perspective (Affleck & Kvan, 2008; Tan & Rahaman, 2009; Thornton, 2007).

Our work here has found that people like to share memories and participate in the collective construction of history if they are given the opportunity. The interpretation of cultural heritage certainly demands a higher level of knowledge about the past, whereas a layperson as a contributor may possess limited knowledge and information regarding the recent past. There is also the possibility that valuable information might be deformed or deviated from the original due to its passage through generations. But on another note, people may possess knowledge (beliefs, myths, oral traditions, stories) that could help construct alternative perspectives. We came to realize this through our study, which allowed anonymous end-users to reconstruct the past in a pluralistic manner by assembling their common spatial experience and memories as narratives, alongside ‘professional interpretation’. And even though most end-users did not possess specialized knowledge, through reflexive dialogic interaction, they went on to produce an explicit knowledge base by incorporating a variety of information and including those on both tangible and intangible cultural heritage.

The active social engagement of end-users with their shifting role from ‘cultural consumer’ to ‘cultural producer’ may indicate a digital liberation (Russo & Watkins, 2008) or an audience-centred strategy (Deshpande et al., 2006), or narratives of the community (Guntarik, 2010), or a discursive construction (Affleck & Kvan, 2005). In short, it certainly indicates a shift within the traditional knowledge production paradigm. Our study and its findings, therefore, diverge from Moscardo (1999) and Borun (1989) who held that the visitors are “novices – not experts” with petty knowledge to “make sense of the information”.

When summarized, our study proves, first, that interpretation can be an open-ended process and there is more than one way of interpreting the past. Second, by incorporating multiple coincident voices and dialogues among end-users, a possibility of enhanced interpretation and legitimacy in making sense of the past opens up.



Planning of Interpretation or Salvaging of Technology

Involving people in the interpretation process of a real-world heritage site has not been a new venture after all. At the time of writing this manuscript, we hardly came across any interpretation method which had been successfully implemented in the domain of digital heritage. On the other hand, the domain of digital heritage still has its own limitations in accumulating intangible cultural heritage in its entirety (Dave, 2008; Kalay, 2008). To some extent, the practice is still overwhelmed by ‘photo-realism’ (Champion, 2006; Flynn, 2008; Roussou, 2008; Roussou et al., 2003), and the lure of the technical artistry or the power of new technology (Tost & Champion, 2007). Furthermore, it is evident that, in many cases, technology dominates over end-users’ experiences (Sparacino, 2004).

In fact, we have often overlooked ‘end-users’ as multiple and varied people with unique cultural backgrounds and cognitive status. That is what has been prohibiting us from recognizing the need and from defining the objectives of any comprehensive interpretation method as well. The notion of descriptive or linear interpretation, therefore, leads us to a partial and myopic presentation of the past, causing ‘heritage dissonance’. This has so far restricted users from comprehending the intrinsic values of cultural heritage.

Technologies such as AR, VR, and MXR are opening new possibilities for designing, experiencing, and managing a digital heritage site or project. Indeed, researchers are already putting in significant effort in using various tools and technologies to improve user experience and learning from the digital heritage (Bekele et al., 2018, 2021). Yet, it appears that each research project had its own unique objective and agenda; to date, there is little evidence that they had advocated for an approach to the development of a comprehensive interpretation method for digital heritage.

Praxis of the theoretical model called PrEDiC to a digital heritage project including the grounding and evaluation process has been presented in this chapter. The empirical study carried out as part of this study shows the possibilities of enhancing the interpretation of digital heritage using a user-centric approach. A positive reflection from end-users on this interpretation method highlights that planning of interpretation needs to be prioritized and designed first, before media or tool selection is made. To make end-users satisfied, 3D/interactive media may not be the only choice; end-users can also have fun and enjoyment even from a 2D environment if they are allowed to have ‘dialogic interaction’.



Discursive Content: Knowledge Base or Garbage?

Development of the new media allows people to become more user-centric, personalized, location-aware, and enables synchronous data sharing without being restricted to a specific hardware device. Flickr, blogs, game modding, podcasting, linked open data, and other forms of really simple syndication (RSS) syndication allow users to tailor information and multimedia objects in various ways that were not possible in the past. This advancement of technology, therefore, opens up the possibility of an extensive, referential, and interpretive VH environment (Champion, 2018; Champion et al., 2020). This shift also indicates to a gradual move towards making VH projects more interpretive rather than mere reconstructions of the past (Dave, 2008). However, this flux of social networking and rapid growth of online information often raises questions of authenticity, relevance, and screening of relevant data from a seemingly infinite pool. For example, Keen (2008) has strongly criticized this collective construction, which, in his view, encourages the undermining of professional expertise. He criticized this collective co-creation phenomenon for its penchant of having errors and lots of vague and meaningless content, immaturity, and also being prone to self-propagation and duplication.

In our research, the experiment platform initially contained materials assembled only through ‘professional interpretation’ of Sompur Mahavihara in light of the original concept given by Fitch (1982). Therefore, information initially presented on this platform was prepared and approved by the professionals. This includes information on the monastery’s history, architecture, the elusive central temple, synopsis of previous research, excavation timelines, and information regarding visiting the site, including images, videos, 3D reconstructed models from the works of various researchers, and 360-degree panoramic views of and around three specific locations from the site.

In the later stage, general participants contributed and discussed various issues ranging from myths, local stories, conservation issues, beliefs, education, history, culture, nearby tourist places and heritage sites, information regarding accommodation, and local food. It was also observed that communication occurred between end-users through responding to questions and commenting on each other’s posts, while also reclaiming wrong information, validating cross-postings and suggesting external links for extended information. Themes or topics were brought up and followed up by other interested end-users. Participants also asked for information from the moderators and requested an extension of the portal to support other similar heritage sites. In this way, this platform actually worked as a means for collaboration among various participants such as students, businesspersons, researchers, travellers, and historians, as well as moderators. Therefore, the interpretation process worked here as a facilitator for network building with reliability, while validating and screening information conducted on a participatory basis.

Contents produced/accumulated were always open for moderation, including immediate action against unwanted postings, cleaning up, and recovering of the site being taken care of by interested end-users, resembling Wheeler’s (2009) observation. Moreover, RSS feeds alerted community members of any recent changes, while validating the entries to be undertaken immediately and effectively. Although this study was conducted for a limited time, the findings show that end-users were able to handle more information by building relationships and acting as filters for each other. This study, therefore, provides knowledge contrary to Keen’s (2008) scepticisms, and endorses that the popular knowledge base not only acts as a supplement for professional interpretation, but also plays an important role in emphasizing the presence of experts.



Collective Construction: from a Partial to a Bigger Part of the Mosaic


“It also needs to be recognised that virtual reconstructions are partial models and form part of the mosaic of understanding about heritage issues”.

– Dave Bharat (2008, p. 49)



Every historic representation requires a vigorous investigation for acquiring valid information. But how can we be certain about what happened in the past, hence ensuring the reliability of historic information? According to David Lowenthal (1985), historical knowledge can be derived from three sources – memory, history, and relics. Memory comes from our own experiences or from shared experiences of others; ‘history’ derives from written history or collectively written history, and ‘relics’ comes from old artefacts and buildings, which play the role of ‘witness’ from the past. A combination of these three components provides us with possible knowledge or understanding of the past.

In the case of tangible heritage, however, where the building is in ruins, the limited and often fragmented stock of available archaeological resources problematizes the architectural historians’ task of reconstructing the actual form of architecture. Hence, results vary widely in ‘professional interpretation’ of formal/scholarly reconstruction of such cases, like the central temple of Sompur Mahavihara. On the other hand, intangible cultural heritage, which includes oral traditions, knowledge and practice concerning nature and beliefs, and oral history transmitted through generations, provides people with a sense of identity and belongingness to a community. Even the main objective of UNESCO’s (2003a) convention in October 2003 in Paris focused on safeguarding intangible cultural heritage. Present digital heritage projects, however, miss this opportunity of cultural transmittance and value placed on collective cultural memory, which could easily be supported by a dedicated platform that enables dialogic interaction and further apprehend those to the construction of a comprehensive and inclusive knowledge base.

The PrEDiC framework (Figure 9.1) may therefore be viewed as an alternative to the present linear concept of heritage interpretation as it assumes the postmodern and postcolonial stance whereby the authority holds less control and encourages popular participation and shared meaning- making. The intention here was not only to re-present lost architecture or monuments but also to encourage dialogue and interaction between common people and professionals, so that they could discuss heritage and collectively create a knowledge base. We have earlier observed that the various tangible and intangible topics were brought up and discussed by participants during the experimentation phase. Several questions were also raised and resolved by users themselves. These people shared images, contributed local stories and myths, best places to stay, additional sites to visit, security concerns and so on, which may seem irrelevant and unnecessary from a certain point of view. As a whole, this provided important details and insights on what people think of the heritage site and its buildings, and what they were looking for. Each piece of information contributed here worked as a gem that helped build a much bigger scenario, a bigger piece of the mosaic.

This way, the entire methodology also opens up newer possibilities for future social research of similar sorts on what people think of digital heritage, and what their expectations are. It also reveals that the knowledge base created by capturing the community’s perceptions can provide different insights from diverse perspectives. Furthermore, the insiders (or emic) and their perception of significance may lead to the uncovering of potential intangible values of heritage which is difficult to attain from an ‘etic’ or outsider’s perspective.



Connected Minds and Voices of the Oppressed

Due primarily to the development of pervasive and ubiquitous computing, identification through digital mediation has become a new ‘cultural capital’, which sets ‘invisible bonds that tie a community together’ (Curtis, 2004; in Wheeler, 2009). Open-source projects and platforms have unlocked the possibility of freely available information for copying, distribution, and modification, including sharing of source code. Moreover, Web 2.0 (and later Web 3.0) has broadened ways of contributing and shifted the total ‘continuum of interactivity’ towards one that is more about ‘cultural production’ (Russo & Watkins, 2008). Usage of digital technologies in heritage institutions like museums has enhanced the involvement of visitors and communities (Bekele et al., 2021; Black, 2010; Cameron & Kenderdine, 2006; Parry, 2007; Witcomb, 2003), furthering the possibility of dialogue and sharing (Rahaman & Tan, 2011). The social media, on the other hand, have already proved their massive role in liberating the voices of the oppressed. The speculations over the Internet and its uprisings during 2010, were first experienced in Tunisia, then in Egypt, and later in Libya. Known popularly as “Arab Spring”, protestors from the first two nations relied heavily on social networking for gathering support from neighbours and communities, as the Libyan rebels later followed suit. With regard to Internet/online based similar activism, we have also witnessed Taiwan’s student protests (2014), The Stop Online Piracy Act SOPA/PIPA (2011), the anti-black racism and police violence in Oakland (2013), the Me Too (or #MeToo) movement (2018), and others. Social networks, this way, not only encouraged and helped raise people’s voices and spread opinions but also connected geographically separated individuals with similar political convictions.

In order to raise and discuss issues regardless of curatorial filtering or prior approval by moderators (unlike ‘memory capsule’ [Affleck & Kvan, 2008]), similar attitudes among end-users were also evident during this study, as the online platform was first made available for the end-users. A participant (ID 71, who is a retired custodian), wrote,

The Paharpur Archaeological Site Museum was the first of its kind in the then East Pakistan. I myself as its first assistant custodian arranged the museum single-handedly. I expected a promotion, but I was transferred to the epigraphic section. As a Baptist Christian I was taught to be dutiful right from my childhood and at Paharpur, I guarded the ruins as a faithful watchdog. All artefacts described in K N Dikhshit’s book were there in 1962 when I resigned as I found section of excavation and exploration was very lucrative to my bosses. I don’t know how many artefacts are still there either in the museum or in the store - and how many of them are ‘real’.



In this statement, the participant holding ID 71 worries about the possible loss of valuable artefacts, and his lack of trust in his superior officers becomes obvious. Similar concerns still abound, as some online participants raised several relevant issues about the protection of the site. For example, one participant expressed his concerns about the lack of transparency in the revenue generated from ticket selling on the site and its eventual use, “I want to speak about the ‘ticket money’. Does anyone know how much the authority gains each year from the visitors and whether all of them are properly recorded and paid as revenue to the government?”

Similarly, relevant concerns like the negligence of the government, protection of the area, loss/looting of valuable building materials and artefacts, and the role of UNESCO and its policy in safeguarding the site – were also brought up. For example, another participant (ID 196) wrote – “The prime aspect that I felt is missing there in Paharpur site is emotional attachment. Everybody seems just doing their jobs and obeying commands. It is simply wasting UNESCO’s money.” Participant ID 86, who claimed to be a traveller, argued with ID 187 on conservation and the role of government. This participant (ID 86) suggested adopting a strategic approach and raising public awareness instead of putting the blame solely on the government. He advocated in favour of engaging the locals in a win-win situation. His argument was later supported by five other participants.

Another participant from the United Kingdom (ID 109), informed others about the risk of visiting this site and warned the visitors that they should leave the premises before sunset. ID 109 wrote –

While visiting in July 2010, we heard that one lady (local tourist) was ‘raped’ and murdered in the site. The victim was found near the central temple area and the case was taken by police as an accident fallen from the top of the temple.



Supporting ID 109’s warnings, ID 28 (a local) replied that he noticed an increase in the guards from eight to sixteen at that time. Even this issue remained disputed, and it was not possible to be verified by other members. However, this revealed that members also like to share their worries and become concerned about others, when similar minds with similar intentions get connected.

The experiment was conducted for a limited time and end-users were allowed to participate only for three months. Nevertheless, these public reflections seem to have provided important evidence which reveals unique perspectives on cultural and related social issues. These diverse forms of knowledge and information helped end-users re-contextualize and re-localize heritage objects and sites. Moreover, end-users’ consciousness and freedom of speech were also observed in this study similar to O’Reilly (2007) and Surowiecki’s (2004).



Public Participation: Historic Events vs. Specific Heritage Site

We will never be able to recreate the past as it actually was (Silberman, 2008). Through dialogic interaction as an evolving collective memory or multi-vocal reflection, we can, however, get to a wider subjective reconstruction of the past. This is probably how we could most closely recreate the past. Leaving technology aside and bringing forth the history, we can find examples demonstrating how end-users can access, share, comment, and construct independent explanations and understand significant historic events such as September 11, WW2, and Pearl Harbour. These examples prove that lay people like to participate and contribute, if the opportunity is provided. It is human nature to convey one’s own experience or knowledge to one’s successors and that is how human evolution has continued to occur throughout known history. It, nevertheless, is also true that these Web portals (such as 911digitalarchive.org, seniornet.org, bbc.co.uk/ww2peopleswar) are primarily collecting information on ‘great events’ or ‘national issues’. Generally, people are interested in these big events (such as 9-11 or WW2) and want to share their own experiences. On the other hand, we were unsuccessful in finding out any portal that collects information solely on a specific architectural monument or heritage site. Therefore, the question remains why general people would be interested in any specific digital heritage project. In addition, how may the interpretive process help to enhance interaction (i.e. exploration, manipulation, and contribution)? From this perspective, any attempt to collect memories or experiences on a single heritage building like Sompur Mahavihara is unique.

Organic virtual communities are formed organically by individuals with similar interests, and its life and contribution rely on the active participation of the members (Memmi, 2008). Interested members with some particular knowledge and a high level of enthusiasm and engagement make the community sustainable. However, the formation of such a community requires a prolonged period of time. On the other hand, for a case such as this study and the subsequent experiment, where time was limited but demanded the contribution of a large number of active members, high motivation and initial support from the administrative side are required to instigate group dynamics. We, therefore, had to organize promotional seminars in three universities, exhibit posters in various public locations, make newspaper advertisements, publish a Facebook page and various posts in similar online forums, and circulate the existence of this portal to a bigger audience using personal networks. During this three-month-long public participation, the online portal received 80 forum posts, 524 images, 16 videos, 88 blog posts, 350 comments, 41 external links, and 31 documents (http://bdheritage.org, dated 19.12.2016). These contributions came from 253 active members, consisting of researchers, teachers, students, locals, travellers, business personnel, ex-custodians, and the general public.

According to the empirical evidence, the conceptual framework has been found to be effective in persuading the members to become active and be involved in the interpretive process. It has also revealed that the second group (i.e., group B who were involved in dialogic interaction) had greater interpretation (i.e., satisfaction, learning, provocation, and multiple perspective of the past). However, the initial instigation of the process remains vital and continuous moderation and observation were essential.




Conclusion

In this chapter, we have made attempts to demonstrate the application of the PrEDiC model on a 2D online platform and followed it up with a supplementary user study. We have tried to study and explain how this interpretive model allows the advancement of knowledge on cultural learning, embodies end-users with the environment, and involves people with the content production process, so that the narrative itself starts to encompass multiple perspectives. We have shown, as an outcome, how it helps end-users’ interpretation of the inherent significance of a heritage site and its artefacts.

We have also investigated the effects of dialogic interaction on Web users’ interpretation of a selected world heritage site and presented a critical review of the impact of collective creation and inter-subjectivity among end-users. End-users are diverse people with unique cultural and cognitive backgrounds and, most importantly, have demonstrated varied interests right throughout their participation. Findings from this study indicate that dialogic interaction helps and allows end-users to access the generic knowledge base and offers varieties of content with more freedom in information selection and user preference. Moreover, end-users showed that they like to spend more time and become more involved in the platform. However, initially, they required a higher motivation and feedback prompted by administrators/moderators to become active.

As mentioned previously, the recent trends of digital heritage are more biased towards achieving visual fidelity with photorealistic representation. However, pieces of evidence from this study show that the general public is more interested in learning about the process (e.g. excavation, digitization), activities (e.g. education, rituals), and how things work (e.g. artefacts, tools), rather than what it was (e.g. detail of history, timeline). This, we believe, may prove useful for understanding content creation in future digital heritage projects.

Empirical findings also demonstrate that allowing dialogic interaction helps liberate the voices of the oppressed. Dialogue allows end-users to raise their voices about many associated issues and topics (such as stealing of artefacts by foreign excavation teams, looting of museum resources, murder inside the monastery, and negligence of government in protecting the site). We can assure that none of these were expected at the beginning of our study. An implication of this is that it opens up the possibility of using this information as valuable clues or resources for further archaeological investigation and social research. Although a few among the participants did not actively engage or show their interest in communicating with others, it still has become evident that digital heritage platforms can also act as a social networking hub for like-minded people with common interests.

From both points of theory and practice, this study demonstrates a way to juxtapose professional and popular content at the narrative level. Findings from the empirical study also imply that the interpretive method that allows dialogic interaction eventually accentuates end-users’ interpretation and shared meanings by encouraging participants to go beyond their personal perceptions through “collaboration with more capable peers”, and explicate “inter-subjective understanding”.

Given the opportunity, end-users’ may provide purposeful and constructive input in the interpretive process. Therefore, museum authorities can find the insiders’ (or emic) perception of significance which may lead to the uncovering of potential intangible values of heritage, which is always difficult to get from an ‘etic’ or outsiders’ perspective. This involvement may also promote reciprocal relationships to raise voices on various issues of cultural heritage.

Anonymous contributions, if allowed, may deliver interesting, often unexpected, yet valuable information for researchers regarding the heritage sites and artefacts. Similarly, digital heritage specialists and content developers can acquire important insights on what end-users might want and like most, the communication channel they might prefer and adapt to, the most requested enquiry, the nodes of attraction, etc. This, in all likelihood, should help them in future designing, planning, and presentation of information to facilitate better engagement and experience.

Our review of scholarly works, conducted experiments, acquired know-how, and experiences – often intended and unintended, and both structured and non-structured, and articulated primarily through a direct, autonomous, participatory, and liberating manner eventually depicts a scenario that has a simultaneous presence of both experts and commoners, of structures and fragments, of centres and peripheries, and of wholes and residues. In today’s more ‘materialistic’ and ‘product-centric’ field of digital heritage, this, we believe, would prompt and advance discourse and dialogue among the true recipients of reality, i.e., the end-users, resulting in the construction of relatively contributive and representative online content, and engendering effective learning for the propagation and promotion of heritage.



Note

	‘Inter-subjectivity’ is a similar concept emerged from the west primarily rooted in the works of Husserl and later in Merleau-Ponty and others (Hillsdale, 2005; Ligorio et al., 2005, Rothfuss, 2009).
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Introduction


Of the many diverse and fascinating challenges we face today, the most intense and important is how to understand and shape the new technology revolution, which entails nothing less than a transformation of humankind. We are at the beginning of a revolution that is fundamentally changing the way we live, work, and relate to one another. In its scale, scope and complexity, what I consider to be the fourth industrial revolution is unlike anything humankind has experienced before.

(Schwab, 2017: 1)



Technology is definitely driving the so-called “fourth industrial revolution”. As Schawb (2017) rightly pointed out a few years ago, the technology revolution offers unlimited possibilities for global connectivity, unprecedented processing power, storage capabilities, and knowledge access at a time when major tech innovations and breakthroughs seem to have converged simultaneously. In this social and economic milieu, new business models have emerged. Almost all stockholders have been affected in one way or another, since technology promotes productivity, efficiency, and agility along the production and services chain.

In these increasingly technologised environments, interpreters (like translators) are frequently viewed as technology-mediated agents for multicultural and multilingual communication (cf. Corpas Pastor and Sánchez Rodas, 2021). However, technology adoption has not been the same for both: while crowd-powered systems and technology-oriented workforce models have been long around in translation, the interpreting industry has traditionally lagged behind (cf. Berber-Irabien, 2010; Jones, 2014; Drechsel, 2015; Moser-Mercer, 2015; Corpas Pastor and Fern, 2016; Corpas Pastor, 2018; Fantinuoli, 2018a; Mellinger and Hanson, 2018, etc.). And yet, after years of reluctance, rejection, and even distrust, interpreters are steadily beginning to incorporate language technologies in their workflows. So far, this “technological turn” has been perceived as disruptive (cf Fantinuoli, 2018b), although it should be rather seen as the logical consequence of various global trends that were already present, even before the latest health pandemic. It can also be perceived as “revolutionary”, due to the unforeseeable, incalculable consequences of a technology-driven paradigm shift in the interpreting industry.

The rest of the chapter is structured as follows. Towards a Technological Shift advances some reasons for the tremendously swift changes that have taken place in the interpreting industry. Tools of the Trade revolves around key concepts and assumptions underlying the use of technology solutions for interpreters, including cognitive issues. Technology Use and Interpreters’ Perceptions taps into interpreters’ perceptions and current practices within the profession. Finally, Conclusion offers some concluding remarks and further avenues of research. To the best of our knowledge, this is one of the first studies that draws a road map of interpreting technologies that identifies pivotal notions, research gaps, and post-phenomenologist issues.



Towards a Technological Shift


You can deliver interpreting services without using any technology. However, language service providers (LSPs) that process large numbers of assignments or that offer remote interpreting eventually equip themselves with specialized software.

(Pielmeier, 2020: 22)



Pielmeier’s statement (above) reflects the different technology traditions among translators and interpreters. While interpreters’ workflows do not necessarily include any technology (except for remote modalities or managing interpreting jobs), it is difficult to imagine a “technology-free” translation industry, especially at a time when even machine translation of literary texts is an emerging hot topic (cf. Toral and Way, 2016; Moorkens et al., 2018; Taivalkoski-Shilov, 2019; Declerq and van Egdom, 2023).

Despite this “two-speed” model, there is evidence that the profession is rapidly heading towards the technological turn advanced by Fantinuoli (2018b), with “tech-savviness” being largely considered a key asset (cf. Drechsel 2019).1 By way of illustration, a significant number of dedicated conferences and workshops have been organised since 2017 at least.2 But winds of change blew particularly strong in 2018. Since then, a plethora of collective volumes and special issues are published every year (e.g., Corpas Pastor and Durán-Muñoz, 2018; Fantinuoli, 2018c; Pokorn and Mellinger, 2018; Jiménez Serrano, 2019; Rodríguez Melchor et al., 2020; Amato et al., 2020; Liu and Cheung, 2022; Frittella, 2023; Prandi, 2023; Corpas Pastor and Defranqc, 2023, among others), not to mention the high number of journal papers and book chapters on interpreter-related technologies, which would merit a separate study.

European institutions are also an example of innovation and avant-garde in this field (cf. Feder, 2020; Ramunas, 2020; Jayes, 2023). In 2019, the European Union Institutions3 published a Host Paper entitled “New Technologies and Artificial Intelligence in the field of language and conference services”, with two main aims: (a) to assess the impact of new technologies (artificial intelligence, language technologies, machine learning, deep learning, data mining, speech recognition, etc.) for translation, interpretation, and management of conferences; and (b) to categorise the main types of existing technology tools, identify the advantages and added value provided by such tools, their present limitations, and outline the prospects associated with the emergence of these new technological approaches. The opening paragraph of this document is certainly programmatic:

Developments in new technologies and Artificial Intelligence (“AI”) have in recent years had a transformative effect on a great number of automatable tasks across many industries and professions, including certain core tasks relating to language and conference services. Ever-evolving language technologies (“LTs”) have led to a gradual paradigm shift in translation, interpretation and conference services. New technologies are more often seen as a part of their architecture.

(p. 1)



The European Commission’s Directorate-General for Interpretation (DGI) strategic plan for 2020–20244 already acknowledged the progress of language technologies have made in interpretation, especially computer-aided interpreting (CAI) tools, remote delivery systems and even machine interpreting. In this line, the DGI holds the Knowledge Centre on Interpretation, i.e. a digital platform for sharing knowledge and creating synergies among diverse communities with an interest in interpreting, including technology (speech recognition, augmented interpretation, remote interpretation, interpreter technology group, speech-to-text, etc.). The DGI has also launched the Interpreters’ Digital Toolbox Project, envisaged as an integrated interface akin to CAI tools that will assist interpreters at the preparation stage and at the live interpreting stage through term extraction tools, integrated terminology databases, glossaries, and automatic speech recognition (ASR). ASR also lies at the heart of the European Parliament’s initiative to provide an automatic transcription and machine translation service for parliamentary debates covering the 24 official languages used by the institution.5

Clearly, there is a tremendous interest on interpreting-related technology among academics and practitioners alike. This gradual shift of interpreters into a more digital workspace can be traced back to three main reasons. On the one hand, new generations of interpreters appear to have developed a more positive attitude towards technology and demand tailor-made solutions (Kerremans et al., 2019; Corpas Pastor and Gaber, 2020). On the other hand, as mentioned above, the emergence of new technological approaches has had a profound impact in interpreting services and language-related activities, in particular information and communication technology (ICT), language technology (LT), artificial intelligence (AI), natural language processing (NLP), speech processing, cloud-computing and edge computing, big data or 5G Network, to name a few. Developments in ICT have enabled new interpreting modalities (i.e. distance or remote modalities), in which interpreters and clients are situated at different locations and communicate via telephone or videolink (Braun, 2019; AIIC, 2021). Some of these remote solutions, like Kudo6 o SmartTerp,7 even incorporate LT- and IA-enhanced functionalities (e.g., ASR, term extraction, term look-up, number and named-entity recognition, among others), which enable computer assistance within the human interpreting workflow.

Finally, a third key factor is the global health pandemic, which completely changed the interpreting industry (Cheung, 2022; Valero-Garcés and Cayron, 2022; Liu and Cheung, 2022). The shift has been from the on-site workspace to virtual or hybrid scenarios due to COVID and post-COVID realities. See, for instance, the U.N. report of U.N. interpreters’ adaptation to new work modes (mainly remote) during the pandemic,8 the Strategic Plan 2020–2024 DG Interpretation,9 or AIIC Covid-19 Distance Interpreting Recommendations for Institutions and DI Hubs.10 This has also been confirmed as a steady global trend in various industry reports (Association of Language Companies, 2021; Nimdzi Insights, 2023; Slator, 2023).



Tools of the Trade


Rapid innovation, if not disruption, is in the air. For those providing or buying language services, it is crucial to stay on top of developments in the field. Interpreting is undergoing a major shift. While many of the solutions are still trying to find their place in the market, it is undeniable that the interpreting landscape will rely increasingly on various forms of software and hardware.

(Pielmeier, 2017)



Pielmeier’s visionary words in 2017 are more topical than ever. Nowadays, there is an ever-increasing interest in implementing, using, and testing technology tools that may alleviate interpreters’ cognitive load, enhance their performance, extend (and reinvent) business models, and provide a better work experience. These are the new “tools of the trade” within the interpreting profession. But, what technologies are being used by interpreters, and what for? In what follows, we provide a brief overview, including their characterisation and key underlying concepts.

In general, the term interpreting technologies is used as an umbrella concept to encompass (i) a variegated collection of technological solutions to assist interpreters or (ii) various forms of computer-aided interpreting (cf. Pöchhacker, 2015). These ICTs tools and resources can be used by interpretation service providers (interpreters, LSPs), interpreters’ trainers and trainees, or even end-users. There is no scholarly consensus on the meaning, use, or coverage of this term, and most scholars prefer to use extensive definitions by simply listing the various tools of the trade:11 corpora, speech banks, ASR, virtual booths, term extraction and management systems, remote interpreting platforms, speech-to-text, etc.

The designations12 also vary: conference-interpreting information and communication technology (e.g., Berber-Irabien, 2010), technology tools for interpreters (e.g., Corpas Pastor et al., 2014; Corpas Pastor, 2018), interpreting technologies (e.g., Corpas Pastor, 2018; Fantinuoli, 2018a; Jiménez Serrano, 2019; Wang and Li, 2022; Corpas Pastor and Defrancq, 2023), computer-assisted interpreting tools (e.g., Fantinuoli, 2018a; Wang and Wang, 2019; Martin, 2020), or CAI tools; ICT-supported interpreting (Carl and Braun, 2018), computer-assisted interpreting technologies (Mellinger, 2019), computer-aided interpreting (CAI) (e.g., Will, 2020), interpreting-related technologies (e.g., Fantinuoli, 2018a, Corpas Pastor, 2021, 2022b), and technology-assisted interpreting (e.g., Costa, Corpas Pastor and Durán-Muñoz, 2016; Xu, 2022). Of them, interpreting technologies and CAI tools seem to be the most widely accepted terms. The former is linked to a broad conceptualisation of ‘tools used by interpreters in general’ (i.e. CAI tools in the broad sense),13 while the latter refers to ‘tools specifically designed and developed to assist interpreters’ (i.e. CAI tools in the narrow sense). CAI tools in the narrow sense also denominate a specific type of interpreting technologies (or CAI tools in the broad sense), usually related to terminology extraction and management.

Definitions and categorisations of CAI tools in the broad sense can be found in Kalina and Ziegler (2015), Corpas Pastor (2018, 2021), Ortiz and Cavallo (2018), Braun (2019), Wang and Wang (2019), and Guo et al. (2023). The actual spectrum of interpreting technologies is very large and exhibits various degrees of prototypicality, depending on the different classification criteria used by these scholars (cf. from corpora building tools and ASR systems to unit converters or Excel files). A tentative definition of interpreting technologies in the broad sense can be found in a recent paper by Wang and Li (2022: 369)

Based on the definitions of other scholars (Costa, Corpas Pastor, and Durán-Muñoz 2014; Fantinuoli 2016; Zhao 2017; Braun 2019; Wang and Yang 2019), this paper defines the concept of interpreting technologies as a variety of technologies applied by interpreters in the process of interpreting to ensure their fulfilment of interpreting tasks, such as decoding, memorising, coding, delivering and sharing information.



By contrast, in the narrow approach, CAI tools are considered as software solutions “that are designed to support the interpreter in the various phases and processes of interpreting itself, e.g., for the acquisition, organization (sic) and retrieval of information, both before and during an assignment” (Desmet et al., 2018: 17). In other words, these are tools that have been tailor-made specifically to meet the terminology and information needs of interpreters (cf. Fantinuoli [2016, 2018a, 2018b], Fantinuoli and Prandi [2018], and Prandi [2018, 2020, 2023]). Fantinuoli (2017, 2018a) also sees CAI tools (in the narrow sense) as process-oriented technologies (i.e. supporting the interpreting process and the terminology work, directly linked to the interpreting process), a differential feature that distinguishes them from other setting-oriented technologies (i.e. used for the transmission of the final product) that may impact the external conditions under which the interpreting task is performed, but do not influence the underlying cognitive processes involved.14

CAI tools (in the narrow sense) aim at improving the interpreter’s work experience by removing/reducing the most time-consuming tasks, usually at the preparation and interpretation phases (cf. Fantinuoli, 2018a). In the preparation phase, CAI tools enable fast and efficient specialised terminology and knowledge acquisition (including phraseology), as well as glossary creation and management (cf. Corpas Pastor, 2022a). In the interpretation phase, CAI tools enhance interpreters’ performance by minimising typical problem triggers (e.g., numbers, magnitudes, named entities, domain-specific terminology), thus reducing cognitive load. CAI tools are traditionally divided into “generations”, depending on the type of support provided and their system architecture (Fantinuoli, 2018a; Prandi (2023). First-generation CAI tools are interpreter-friendly terminology management systems to be used mainly in the preparation phase (e.g., Interpreters’ Help). Second generation CAI tools include advanced functionalities for knowledge acquisition and management, as well as glossary query which makes them suitable for the booth (e.g., Intragloss). Third-generation CAI tools are ASR- and AI-enhanced systems that allow automatic glossary building for preparation and include advance search functions for in-booth use. Despite their current technical limitations, they provide support for major problem triggers (e.g., InterpretBank ASR, which has evolved from a first-generation CAI tool to a full-fledged third-generation CAI tool).

Interpreting technologies have also been traditionally categorised according to functional criteria. For instance, Kalina and Ziegler (2015: 419) initially distinguished between (a) technology for rendering interpreting services, (b) technology for interpreter training, and (c) technology to aid an interpreter’s performance. Later on, advances in AI, ASR, and cloud-computing made it possible to include another functional category: (d) technology to replace interpreters,15 i.e., machine interpreting, also called speech translation or speech-to-speech translation (cf. Pöchhacker, 2015; Xu, 2022). For the purposes of this chapter, we will adopt and extend Braun’s (2019) categorisation of technology presence in interpreting:


	technology-mediated interpreting (TMI), which refers to technologies used to deliver interpreting services and enhance their reach (e.g., over the phone interpreting [OPI] and distance interpreting, which usually require VRI or RSI software, also called interpreting delivery platforms, IDPs);

	technology-supported interpreting (TSI), which encompasses all technologies (both generic or designed specifically for interpreters) used to support or enhance interpreters’ preparation, performance, and workflow (e.g., CAI tools, term extraction, ASR, and corpora);

	technology-generated interpreting (TGI), which implies the use of technologies that enable machine interpreting, i.e. the automatic translation of spoken text from one language to another (e.g., speech-to-text services, speech translation, and live captioning);

	technology-enabled hybrid interpreting modalities (TEHIM), which allude to technologies that enable mixed modes of interpreting, such as simultaneous and consecutive (e.g., SimConsec, tablet interpreting, and respeaking).



Braun’s (2019) proposal encompasses previous classifications. It broadly corresponds to Kalina and Ziegler’s, with some differences: her taxonomy leaves out the third category (technology for interpreter training) and makes room for technology-enabled modalities. Braun’s (2019) categorisation is also reminiscent of Fantinuoli’s (2017) basic distinction between process-oriented and setting-oriented technology (mentioned above). However, Braun’s (ibid.) proposal does not acknowledge the fact that interpreting delivery platforms (IDPs) and CAI tools are currently converging/developing into multifunctional interpreter-related systems, which are specifically designed to meet the needs of remote interpreters. Two recent examples are Kudo’s InterpreterAssist16 and SmarTerp.17 Both systems would partially fit in the first and second categories identified by Braun, since they are technological solutions to deliver distant interpreting that also include functionalities to support or enhance interpreters’ preparation, performance, and workflow (e.g., VRI or RSI systems and CAI tools).

A second gap18 in Braun’s (ibid.) categorisation concerns interpreting management systems (IMSes), i.e. technology solutions designed to schedule and manage interpreters and interpreting assignments on-site or remote (OPI, VRI, and SRI), for which there is high market demand. A typical example is Fluency,19 which is an interpreter scheduling system that features scheduling and managing of interpreting services, payroll processing and invoicing, interpreting appointment requests; scheduling tools for interpreter assignment by mileage proximity, real time availability, etc.; status checking of appointment assignments, etc. Scheduling systems can be also part of (or contain) interpreting delivery platforms in order to enable seamless integration with operational, financial, and reporting infrastructure (i.e. integrated IMS-IDP solutions). This is the case of Aqua Schedules,20 Akorbi,21 Boostlingo,22 Interpreter IO,23 Interpreter Intelligence,24 and ScheduleInterpreter25 among others. Thus, a fifth category would be needed to encompass this type of solutions which are designed to meet the business needs of all stakeholders (interpreters, LSPs, and customers), akin to cloud-based translation management systems such as Smartling26 or Phrase Suite.27 A tentative definition is provided below


	technology-enabled interpreting management (TEIM), which roughly corresponds to dedicated software for managing and scheduling interpreting services. Also called interpreter management systems (IMSes), these cloud-based platforms allow backend business management (e.g., invoicing, billing, hiring, validation, cancelling, geolocation, and monitoring), and they can even include IDPs to become integrated IMS-IDP solutions.



These five functional categories focus on different aspects of (or possibilities open) by technology within the entire interpretation workflow.28 They revolve around three key notions: agent, automation, and technological mediation. Thus, the former categories reflect the underlying dichotomy between human agent (i.e. human interpreting) and the machine agent or computer (i.e. machine interpreting), the varying degrees of automation for interpreting processes and workflows, as well as the notion of technological mediation, in the post-phenomenologist sense (cf. Verbeek, 2005; Ihde, 2009). See Figure 10.1.


[image: An exhibit depicts the agent, automation, and mediation concepts in technological understanding.]
Figure 10.1 Interpreting technologies: pivotal concepts.

This approach presupposes that interpreters using the “tools of the trade” perceive the interpreting task and/or interact with the relevant stakeholders through technologies. This is an important caveat, as interpreting technologies may alter and/or influence interpreter’s cognition (and probably other relevant stakeholders) in a variety of ways. In other words, technologies actively mediate how interpreters relate to the “interpreting” (inner and outer) world. The notion of “technological mediation” emphasises the primacy of the relatedness between interpreters, technology, and their professional world.

The post-phenomenological framework applied to interpreting technologies also endorses the “co-constitution” of interpreters and their material environment (i.e. their technological medium). This means that, in present-day increasingly technologised environments, the relevant features of interpreters, their technological medium, and their professional world appear as a result of their mutual relatedness, rather than existing independently. This is in line with recent developments of cognitive models (“extended cognition”), which account for a technologised scenario in which interpreters’ cognition extends beyond the interpreters’ mind and changes due to the interaction with various technologies (cf. Mellinger, 2019, 2023).



Technology Use and Interpreters’ Perceptions

Lack of research in this area [=interpreting technologies] means that it is difficult to completely exclude turf protection or profound conservatism as a cause of resistance to change. I would argue that this is at least partly justified after interpreters have seen the detrimental effects of how automated translation has commoditised the art of translation and the work of translators. More importantly, the so-called resistance may actually be due to the inherently experiential, interactional, and immediate nature of interpreting encounters, where technology and new practices impersonalise interpreters, reduce visibility, generate distance, and introduce further complexities (Liu, 2018: 22).

Henry Liu is one of the most renowned and prestigious simultaneous interpreters in present-day times. His words represent the opinion of many well-established professionals in the sector: technology resistance, negative perceptions, side effects, etc. However, not all interpreters exhibit the same degree of technology uptake or adoption. Not all categories of interpreting technologies are similarly accepted or used, and not all interpreting modalities are equally prone to jump on the technology band wagon… According to Wang and Li (2022: 371)

To date, the research on ITC has been directional, fragmented, and unsystematic. Studies that introduce interpreting technologies and remote interpreting concepts are disproportionately more prevalent than those on other subjects, which are small in number and sporadic. This limited number and scope show that scholars have not paid attention to particular interpreting technologies. The roles of terminology management and information retrieval in interpreting practice are also under-represented, as are comprehensive studies on ITC.



While it can be rightly assumed that technologies mediate interpreters’ workflows in such a way that perception of the self, world, and environment, including cognitive processing, changes (cf. Giambastiani, 2021), the actual role(s) technologies play in the relations between interpreters and their professional world is still uncertain. This includes, but is not limited to, cognitive issues, affective beliefs and attitudes, performance indicators, and technology resistance/acceptance. In this section, we will explore some scattered body of data available on the actual use of technology by professional interpreters.

To this end, Pielmeier and O’Mara’s (2020) study will serve as the backbone for the discussion. For our purposes, we will focus on technology use, which is identified in their study as a key feature within the profession. Pielmeier and O’Mara’s (2020) report presented results from a large-scale survey of over 7,000 experienced translators and interpreters from all over the world. The report provided detailed data on languages and services offered, background and career, clientele, technology usage, income from language services, volunteer work, and the evolving future. All respondents had worked for more than 14 years, either as freelancers or in-house at language service providers (LSPs) or as buy-side companies. Only half of them declared to have had any formal translator or interpreter education, while only 43% had certifications from professional associations, translator or interpreter schools, accreditation authorities, etc.

Findings are not provided separately per LSP category, as authors used linguist “as a general term to encompass the various roles tied to the transfer of information from one language into another, with a focus on translators and interpreters” (ibid., 9). The authors distinguish between “written language services” (e.g., translation or localisation, which represent an average revenue of 84% for those who offer those services); “spoken language services” (e.g., interpreting and voice-overs, with an average of 32%); and “other offerings” (e.g., training and consulting, 21% of their revenue). About 52% of respondents offered exclusively written language services, while only 3% focused on spoken language services. Translation (97% of respondents) and editing/proofreading services (72%) are offered by most respondents, followed by other offerings: MT post-editing (53%), localisation and internationalisation (28%), and transcreation (21%). As for interpreting, only 25% of the respondents offered this type of spoken services, followed by remote interpreting (12%) and voice over (8%).

At the time of the survey, which coincided with the outbreak of the Covid-19 pandemic, most interpreters worked both remotely and on-site, although they showed a clear preference for in-person interpreting (79%) versus remote modalities (21%) (only 12% worked in-person and only 1% worked remotely). The findings also confirmed a similar average (32%) of time spent interpreting remotely and of interpreting revenue derived from remote interpreting.29

As for tech-savviness, 51% of respondents felt comfortable and ready to try new language technologies, as opposed to those who felt rather uneasy (7%), with 42% declared to be somewhere in between both options. We assume that tech-savvy respondents are probably translators, as most respondents offered translation services, which was considered a very tech-oriented activity in the study. A large percentage of respondents (89%) declared to be using vendor portals to retrieve jobs, deliver files, and submit invoices, among other functionalities, although there is no differentiation between translation and interpretation. In general, vendor portals (i.e. IMSes, in the case of interpreting) are viewed positively as an effective means to streamline work and get complete details about a given job assignment, but they also have a drawback, as they seem to depersonalise LSPs relationship with clients and even complicate the workflow, as respondents complain about ending up with too many logins with too many systems.

The survey also discussed language tools and resources used in translation and interpreting. Since most interpreters declared to work as translators as well, the findings about what translation technologies are used on client projects are also relevant. As expected, translation memories (TMs) are used by most respondents (88%), followed closely by terminology management tools (83%) and quality checkers (82%). Machine translation is used only by 22% of respondents, but only a third of them are satisfied with the overall quality of the output. Glossaries and terminology tools are highly valued for quality (91%), whereas TMs is viewed positively as they enable fast delivery (86%).30

As to which interpreting technologies respondents use on client assignments, most of them refer to TMI: OPI platforms (43%), video remote interpreting platforms (26%), and remote simultaneous interpreting portals (17%). These results are in line with other surveys on the use of distance interpreting by public service interpreters (PSIs). For instance, Corpas Pastor and Gaber (2020) found OPI as the preferred option (91%), followed by VRI (36%) and RSI (21%). In a study conducted after the Covid-19 outbreak, Stenger et al. (2023) report a relevant increase of VRI within PSIs, that reaches the same level as OPI (75.41%), followed by a higher uptake of RSI services (36.07%) as well.

Next in popularity are interpreter portals (24%) and interpreting management systems (12%), i.e. TEIM; followed by computer-assisted interpreting technology (18%) (e.g., CAI tools, ASR, term extraction, and management), and machine interpreting platforms (11%), i.e. TGI. Interestingly enough, the study does not mention TEHIM, such as SimConsec, tablet interpreting, and respeaking, but interpreter consoles are included as a kind of technology tool or equipment frequently used by 22% of all respondents. See Figure 10.2.


[image: An exhibit depicts trends in the percentage of interpreters who responded to the question, what interpreting technologies do you use in client assignments.]
Figure 10.2 Interpreting technologies used (Pielmeier and O’Mara, 2020: 47).

Finally, respondents view the future in terms of industry changes, productivity, and perspectives on the profession. Overall, respondents claim that productivity is increasing, thanks to experience and technology, while there is a growing concern about fierce competition, the drop in market demand, and the impact of AI on the profession. In addition, respondents refer to changes in the market which evidence greater pressure to offer services at lower prices or with faster turnaround times. In this context, the findings suggest that remote interpreting is perceived as positively challenging and potentially advantageous for increasing productivity.

So far, research on the perception of interpreting technologies has been rather scarce. Most studies cover TMI (mainly OPI, VRI, and SRI), and in various settings (court, police, health, public services in general, European institutions, etc.). In general, interpreters refer to negative physical and psychological discomfort when using remote delivery systems (e.g., fatigue, lack of non-verbal communication, poor concentration, eye strain, headache, stress, reduced social presence, and alienation), as well as a negative impact of using remote systems on interpreting quality and performance, including technical issues and effectiveness of the communication (cf. Mouzourakis, 2006; Kerremans et al., 2018, 2019, Mellinger and Hanson, 2018; Corpas Pastor and Gaber, 2020; Davitti and Braun, 2020; Sigureanu et al., 2023; Stengers, 2023). However, authors also identify advantages and benefits of remote interpreting, such as a higher degree of motivation, interpreters’ availability, increased productivity and a more comfortable interpreting experience (cf. Corpas Pastor and Gaber, 2020; Stengers, 2023).

In a recent study, Stengers et al.’s (2023) aim at ascertaining the reasons why interpreters do not use remote interpreting technologies (around 25% in their survey). The main reasons given are that they do not experience the need to use the technology, the organisation they work for does not favour the use of remote technology, or the low remuneration rates for interpreting in this modality. However, the vast majority of respondents intended to use remote technology in the future (73.91% of positive ratings for OPI, 71.74% for VRI, and 65.91% for RSI). These results are in line with Corpas Pastor and Gaber (2020), as most respondents perceived positive effects of using remote technology, especially in terms of usefulness and increased productivity.31 In this sense, Singurenau et al. (2023) also report some positive aspects of using VRI in legal settings: an increase in non-verbal interaction between the interpreter and co-present participants, being able to hear co-present participants better due to physical proximity, feeling less “invisible”, in addition to the cost-effectiveness of using remote interpreting.

A recent research strand on the perceptions and effectiveness of interpreting technologies refers to the use of technology tools and resources designed to support or enhance interpreters’ preparation, performance, and workflow (e.g., CAI tools, term extraction, ASR, and corpora). Individual tools (or a combination of them) have been analysed with regard to automation of terminology searches, corpus-based glossary building, reduction of cognitive load, and improved performance, mainly in the preparation phase or during the delivery of the interpretation service (cf. Costa et al., 2016; Schild Ortiz and Cavalli, 2018; Xu, 2018; Gaber et al., 2020; Corpas Pastor, 2022b; Defrancq and Fantinuoli, 2021; Pisani and Fantinuoli, 2021; Fantinuoli, 2023; Prandi, 2023). Special attention has been paid to the integration of ASR and AI to suggest terminology and numbers in real time, which are well-known problem triggers for simultaneous interpreters (cf. Desmet et al., 2018; Defrancq and Fantinuoli, 2021; Pisani and Fantinuoli, 2021).

The utility of these tools, in terms of their beneficial or detrimental impact, have been evaluated through users’ perceptions and delivery accuracy (cf. Gacek, 2015; Desmet et al., 2018; Defrancq and Fantinuoli, 2021; Pisani and Fantinuoli, 2021; Prandi, 2015, 2023). However, as Frittella (2023) rightly points out, these studies measure accuracy of a given interpretation by means of isolated items (mainly numerals and terms), missing broader aspects of the interpreted message or crucial speech variables, like the density of problem triggers in a given speech unit.

Finally, there are almost no studies on the perceived impact (nor interpreters’ adoption) of the rest of interpreting technologies mentioned in the previous section, namely, machine interpreting services (speech-to-text, speech translation, live captioning, etc.), technology-based mixed modes of interpreting (SimConsec, tablet interpreting, respeaking, etc.), or interpreter management systems and integrated IMS-IDP solutions.



Conclusion


Finally, interpreters’ increasing reliance on digital technologies in performing their task introduces a non-human component into the interpreting process. Whether designated as machines or as computer software, such technologies can be employed to merely support the human interpreting process, to largely replace it, or, in simpler applications, to leave no more room for human agency. This shift from human to machine is surely the ultimate and most drastic shift in our understanding of the interpreter’s identity. And yet, it would not make the cognitive and affective skills of the human interpreter redundant.

(Pöchhacker, 2022: 159)



This quotation from Franz Pöchhacker could very well be the concluding remark of our study. Little remains to be said afterwards. Present-day “shift” from human to machine, i.e. from human interpreting to technology-assisted interpreting, can be seen as a silent, swift, and gigantic technology-driven shift that characterises the latest decade in the profession.

Research on interpreting technologies needs to adopt a comprehensive approach to encompass all manifestation of the so-called ‘tech’ revolution in interpreting. Most probably, the full spectrum of (language and information and communication) technologies used by (all kinds of) interpreters across (all) professional domains, modalities, and sociocultural traditions expands way beyond basic functional categories and narrow or broad conceptualisations of interpreting technologies.

This study has contributed to drawing a road map of interpreting technologies with a cline of human intervention (and computer–human interaction). It has also contributed to advancing the understanding of the deeper interplay within technology and interpreters from a post-fenomenologist stance. However, there is still a long way to go. After identifying pivotal notions, more data-driven and empirical research is needed to fully comprehend the depth and wealth of the tech transformation of the profession. In addition, market studies and industry needs should inform user-centred development of tools and resources for next-generation interpreters. The same applies to interpreting curricula and formal training: they need to keep abreast and updated. The tech tsunami in interpreting is about to come and all stakeholders need to be ready for this tremendous (and hopefully successful) challenge.
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Notes

	It must be acknowledged, though, that the development of interpreting-related technology is not new in the industry (Fantinuoli, 2018b). According to Wang and Yang (2019), it can be traced back to the late 19th century, when radio and microphones started to be used for interpreting (1890s–1920), followed by the emergence of simultaneous interpreting equipment (1920s–1950s), the rapid development of technology due to new modes of interpreting services, automation and machine interpreting (1950s–2010), until now (2010s to the present), the “explosive period for interpreting technologies”, in the words of Wang and Li (2022: 368). See also Tripepi Winteringham (2010) and Fantinuoli (2018a and 2018b) on the the impact of technology on the interpreting profession as a series of “breakthroughs”.

	The AIIC Interpreters for Interpreters Workshop (Bonn, 2017) was one of the first events including papers on new software for preparing for and follow-up of interpreting assignments, together with the panels on technology tools for interpreters in the annual editions of the Conference Translating and the Computer, organised by AsLing in London (2017–2021) and Luxembourg (2022), or the various editions of Human-Informed Translation and Interpreting Technology (HiT-IT), that have taken place in Varna (2017, 2019) and Naples (2023). Other relevant conferences followed, like ‘Preparing for Interpreting 3.0’ (23rd SCIC-Universities Conference, Brussels, 2019), ‘Translation and Interpreting 4.0 – New Ways in the Digital Age’ (BDÜ, Bonn, 2019), ‘Translation and Interpreting Technology Online’ (Triton2021, online event), 3rd HKBU International Conference on Interpreting. ‘Interpreting and Technology: Interplay and Transformation’ (Hong Kong, 2022), Convergence 2023 - Human-machine integration in Translation and Interpreting (Surrey, 2023), etc.

	The European Parliament, the Council of the European Union, the European Commission and the Court of Justice of the European Union [https://ec.europa.eu/education/knowledge-centre-interpretation/news/eu-host-paper-new-technologies-and-artificial-intelligence-field-language-and-conference_es. (Accessed 27 January 2023)].

	Weblink; https://commission.europa.eu/publications/strategic-plan-2020-2024-interpretation_en (Accessed 27-01-2023)

	Weblink; https://lstt-ep-staging2.digital4democracy.com/session.php?page=eye2021&email=demo&password=demo (Accessed 26-01-2023).

	Weblink; https://kudoway.com/. Kudo AI also offers live speech translation.

	Weblink; https://smarter-interpreting.eu/theproject/

	The United Nations Department of Global Communications. 2020. Portraits: UN Interpreters Adapt to New Work Modes during COVID-19. [https://www.un.org/en/coronavirus/portraits-un-interpreters-adapt-new-work-modes-during-covid-19 (Accessed 27-01-2023).

	See note 3.

	Weblink; https://aiic.org/site/world/about/inside/basic/covid. (Accessed 25-01-2023).

	In the sense of “skills, instruments, and other equipment that you need in order to do your job properly” (Collins Cobuild).

	We use the term designation in the ISO 1087-1:2000 sense, i.e. “representation of a concept by a sign which denotes it”. In terminology work three types of designations are distinguished: symbols, appellations and terms.

	See Guo et al. (2023) for a thorough discussion on broad and narrow definitions and categorisation of CAI tools.

	Fantinouli’s distinction between “process-oriented” and “setting-oriented” CAI tools is debatable from a cognitive point of view. For instance, several studies have revealed differences in interpreters’ behavior when working in hybrid and virtual or remote configurations (cf. Orlando and Hlavac, 2020; Kuang and Zheng, 2022). For a comprehensive review of cognitive load in remote interpreting, see Zhu and Aryadoust (2022).

	While full automation of interpreting services is still a utopia, machine interpreting systems have been around for some time. After all, the influence of technology on interpreting is most evident in the development of speech translation systems (speaker-dependent or speaker independent), that combine speech conversion, machine translation and synthesis (Chan, 2017).

	Weblink; https://kudoway.com/solutions/kudo-interpreter-assist/. See also Fantinuoli et al. (2022).

	Weblink; https://smarter-interpreting.eu/. See also Frittella and Rodríguez (2022); and Frittella (2023).

	This does not come as a surprise, as academic research in interpreting is not always aligned with industrial research. According to Wang and Li (2022: 371), “The industry is more alert than academia to the advent of new technologies and their changes. Some technologies (e.g., interpreting management systems) have been popular for some time, but are rarely mentioned in academic research. The latter lags behind industrial research, and as a result, technology is largely ignored in interpreting education.”

	Weblink; https://www.gofluently.com/.

	Weblink; https://aquaschedules.com/.

	Weblink; https://akorbi.com/.

	Weblink; https://boostlingo.com/.

	Weblink; https://interpreter.io/.

	Weblink; https://www.interpreterintelligence.com/.

	Weblink; https://www.scheduleinterpreter.com/.

	Weblink; https://www.smartling.com/.

	Weblink; https://phrase.com/.

	Wang and Li (2022) group interpreting technologies into six categories according to function: computer application; computer-assisted translation (CAT); information retrieval; interpreting devices application; terminology management; and other interpreting technologies. Their categorisation caters for all LT and ICT technologies, including mainstream software applications, that can be potentially used within interpreters’ workflows.

	These figures would probably vary if the survey had been conducted in post-pandemic times. The same applies to technology-related aspects covered in the survey.

	The survey also included questions about automatic content enrichment (ACE). This new type of technology makes texts more intelligent as it can provide external links, concepts, images etc. related to both source and target texts. ACE seems to be utterly unknown by most translators (73%), while a fourth has heard about it but has never used it.

	Pre-pandemic research on remote interpreting (mainly VRI) reveals a lack of consensus about interpreters’ perceptions: while some interpreters expressed a positive attitude in general, others focused on the advantages brought about by remote interpreting in terms of increasing production and lowering costs (Devaux, 2016; Braun et al., 2018).
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Introduction

In today’s digital era, the increasing penetration of technology into many aspects of education has influenced the approaches and methodologies used by frontline teachers across the globe for optimizing classroom teaching and fostering an effective virtual learning environment for supplementation to the former. In the case of language learning and teaching, technological applications in second and foreign language pedagogy manifest in various forms of teaching approaches and instructional methods, including computer-assisted language learning (CALL), mobile-assisted language learning (MALL), and robot-assisted language learning (RALL), which are illustrated using pedagogical examples and based on scholarly works in this section.

Terminologically, applied linguists and language educationists (e.g., John, 2018; Lowie et al., 2020; Stockwell, 2022) distinguished between the three terms as follows: CALL is the most traditional form of technology-supported learning that can be traced back to the 1970s and 1980s when schools and universities used desktop computers for grammar drilling exercises in alignment with the structural approach. With the rise of communicative language teaching, as well as technological advances in multimedia and web tools, language teachers have begun to deploy computers for engaging students in communicative tasks since the 1980s and 1990s. From the 2000s, mobile technologies have evolved dramatically, leading to the emergence of MALL as an alternative of technology-enhanced instruction with people’s increasing access to and growing demand for mobile devices in their daily lives. Compared with desktop or laptop computers, portable mobile devices, including smartphones and tablets, are more flexible and convenient for use, enabling instant communication and other mobile functions, for instance, photo-taking, audio recording, and screen capture for more interactive and dynamic language learning. Over the past decade, RALL has gained increasingly significant attention in education with the rapid development and applications of artificial intelligence (AI) and computational linguistic techniques for today’s robots to recognize human speech and to process and produce language. In this way, language learners can not only engage in conversations with AI-powered robots but also receive some AI-generated feedback to develop their language comprehension and production skills, as if they were interacting with actual teachers or peers in the classrooms.

In recent years, studies in second language acquisition (SLA) and language education have captured the incorporation of ever-changing technology into classroom teaching. For instance, CALL is widely applied to the learning of vocabulary or idioms (e.g., Cucchiarini et al., 2022; Lin, 2022; Rasti-Behbahani, 2021; Reynolds et al., 2021), generation of automated feedback, and supporting computer-mediated communication peer feedback on L2 writing (e.g., Gao & Ma, 2022; Gibbons & Li, 2021; Liu & Hansen Edwards, 2018; Ma, 2022; Peeters, 2019; Stapleton, 2021). As for MALL, smart mobile devices not only allow L2 learners to browse the internet and engage in technology-mediated communication for most of the abovementioned CALL activities, but they also enable users to download and use a large number of mobile apps supported by the iOS and Android mobile operating systems for self-paced, gamified language learning, for example, Duolingo and Memrise (e.g., Ebadi & Bashir, 2021; García Botero et al., 2021; Gay, 2022; Li & Lan, 2022). Nowadays, smartphones can as well be used with or without external devices (e.g., headsets) for virtual reality and augmented reality to create more interactive and immersive user experiences for language learners when participating in L2 classroom activities (e.g., Li & Lan, 2022; Lin & Wang, 2021; Ma & Yan, 2022; Xie et al., 2021). As mentioned earlier, RALL primarily manifests in the form of human–robot interaction (e.g., Engwall et al., 2022; Lin & Mubarok, 2021; Su et al., 2019; Yang et al., 2022) through which language learners can practise conversations with AI robots and/or utilize the feedback generated by the latter based on their own outputs to improve their pronunciations and choices of vocabulary (L2 speaking) or grammatical accuracy and rhetorical organization (L2 writing).

These pedagogical examples, as exemplified above, have shown the high extent to which technology has become commonplace and indispensable to contemporary education worldwide and how technological applications in language teaching, specifically, have diversified into a range of instructional innovations and practices. In this chapter, the benefits of technology-enhanced language learning and teaching will be discussed with specific reference to CALL in classroom contexts and in light of the insights and research from the field of SLA, followed by a call for an instructional guide for L2 researchers on deploying computer-assisted approaches and techniques to concept-based, form-focused L2 grammar teaching in the present digital era. The rationale and procedure of CALL-based L2 grammar instruction are presented by drawing from the research methodology and findings of Wong’s (forthcoming) study on the teaching of prepositions in a higher education English as a second language (ESL) context in Hong Kong.



Benefits of Deploying CALL Platforms for Form-Focused Grammar Instruction

Ever since the emergence of computers and their applications in language teaching, a growing body of scientific and pedagogical research has been conducted to investigate the practice and effectiveness of CALL over the past half century (e.g., Atkinson & Wilson, 1968; Chapelle & Jamieson, 1986; Nerbonne et al., 1998; Olibie, 2010; Rasti-Behbahani, 2021). As Thorne and Smith (2011) noted, different major theories in the field of SLA including Sociocultural Theory (SCT), Interaction Hypothesis, and Input Processing Theory, which originated from diverse branches and areas of applied linguistics (for example, psycholinguistics and cognitive linguistics), have exhibited a convergence trend in addressing the existing and potential role of technology in the acquisition and teaching of a second or foreign language. This phenomenon within the field, as well as other disciplines, is not coincidental but consciously purposeful for the vast majority of SLA researchers of different camps due to the expansive and irresistible integration of computer technology into possibly every aspect and stage of life, ranging from daily personal interaction to formal school (or university) education, as well as professional workplace communication. In view of the growing trend for teaching practitioners to integrate technology in the classroom, be it physical or virtual, it is worth addressing and acknowledging the benefits of deploying CALL platforms for present-day teaching or, more specifically, form-focused approaches to L2 grammar pedagogy, as discussed in the existing research literature.

Empirical evidence in SLA and L2 education research have shown that CALL applications are saliently aligned and compatible with usage-based approaches to form-focused L2 grammar instruction, which focuses on linguistic well-formedness of grammatical structures in terms of morphology and syntax, because of their highly dynamic and fluid characteristics, as compared with their traditional, non-digital counterparts (e.g., Fan & Xu, 2020; Katsaris & Vidakis, 2021; Lee, 2016; Wong et al., 2018). As Presson et al. (2013) suggested, CALL enables teaching practitioners or L2 researchers to teach all levels of language, from morphemes (or phonemes) to words, phrases, and other complex constructions, to L2 learners in adherence with the four fundamental principles of SLA as follows: (1) corrective feedback provision, (2) modelling of L2 knowledge, (3) repetitive practice, and (4) explicit rule instruction. The following examples illustrate how L2 learners can benefit from learning via CALL platforms in different aspects:

First, corrective feedback (CF) is a pedagogical intervention delivered by teachers, peers, or computers to address L2 errors (i.e., systematic deviations from the linguistic norms of the target language) committed by language learners. According to R. Ellis’ (2009, 2010) typology of oral and written CF, feedback can be broadly categorized based on its explicitness (providing the correct target forms versus indicating or locating errors without direct correction) and focus (comprehensive or selective correction of linguistic errors). Among these types of feedback, computer-generated CF outperforms both teacher feedback and peer response in the way that learners can obtain a relatively rich amount of instant and customized automated feedback to make correction and improvement at their own pace (e.g., Bayerlein, 2014; Han & Sari, 2022; Tian & Zhou, 2020). Contrastingly, the teacher and peer counterparts usually not only require much longer time (which is particularly the case when the feedback providers aim at offering comprehensive CF) but also likely have (more) missing or inaccurate correction that resulted from fatigue (following prolonged reading or listening and commenting) or lack of metalinguistic knowledge and/or systematicity of error correction (e.g., Falhasiri, 2021; Han & Sari, 2022; Lee, 2019; Tian & Zhou, 2020). More importantly, learners who are intimidated by interacting with their teachers and peers, in general, or being identified their deficiencies in front of others can choose to consult such non-living resources to alleviate their embarrassment and shame (e.g., Fan & Xu, 2020; Tian & Li, 2018; Wang et al., 2022; Zhang & Hyland, 2018). In this way, these learners will still be able to learn about the errors that they have committed in their writing or utterances and how they can correct and avoid such or similar deviations in the future.

Second, knowledge modelling refers to the diagnosis of learner performance and detection of knowledge gaps so that the learning contents and teaching approaches can be customized to the heterogeneity of language learners within the groups or institutions involved (Presson et al., 2013). With the aid of computer tools, trained teachers are now capable of performing a range of computational techniques for monitoring learners’ knowledge at both individual and group levels with greater ease. For example, instead of reading and analysing each student’s writing manually, teachers or researchers may conduct computer-aided error/text analyses to identify patterns of written errors or to examine syntactic variations and complexity of student writing efficiently by incorporating different corpus analytical methods, including word lists, keywords, collocation, and concordance plot (e.g., Can & Cangır, 2019; Crosthwaite et al., 2020; Li, 2022; Seitova, 2016). In addition to promoting time efficiency, CALL applications help enhance the systematicity and scope of modelling learner knowledge. For instance, teachers may administer computerized diagnostic language tests, such as the Diagnostic English Language Tracking Assessment in Hong Kong higher education ESL contexts, to assess undergraduate students’ levels of English language proficiency based on standardized grading criteria and via automatic marking. With reference to the assessment results, the instructors can identify their students’ areas of lack and thus suggest specific, personalized recommendations for the latter to work on and improve their language and be monitored within the academic term or year concerned.

Third, repetitive practice is a common teaching strategy that can be traced back to the early behaviourist perspective of SLA, according to which learners repeat their learning behaviour (for instance, practising grammar drilling exercises) to establish positive habits for reinforcing the structural learning of a second or foreign language (Skinner, 1965). Despite the diminished importance of behaviourism, such L2 instructional strategies remain commonly used in various teaching contexts worldwide. More recent theoretical perspectives of SLA, such as usage-based approaches, posit that repetitive practice in L2 learning and teaching can promote automaticity for activating learners’ long-term memory (Gettys & Lech, 2013), which is corroborated by R. Ellis’ (2006) view on the benefits of creating more opportunities for learners to attend to and master those difficult L2 grammatical structures. In today’s digital era, CALL enables learners to engage in repeated practice at their own pace and out of class. For example, applied cognitive linguists have utilized computer tools, such as online tutors (with animations), to teach English articles, prepositions, and phrasal verbs to learners and enable them to practise grammar usage over again as they consider it necessary (e.g., Akakura, 2012; Ngu, & Rethinasamy, 2006; Sato et al., 2022; Wong et al., 2018). The findings of those studies have suggested that CALL-based cognitive linguistics applications are often more effective than traditional methods of grammar instruction in the way that learners are able to develop a conceptual understanding of the forms and functions of such function words through both computer mediation and repeated practice.

Fourth, explicit rule instruction is associated with the notions of explicit knowledge and explicit learning. This type of instruction is achieved through teachers’ direct explanation of grammar and learners’ internalization of conscious L2 metalinguistic knowledge, with which the latter can describe and reflect on the rules and mechanism of the target language; oppositely, the implicit counterpart is operationalized through internal processing of L2 inputs for gaining L2 metalinguistic knowledge without a conscious or purposeful intent to express grammatical rules and concepts (VanPatten & Smith, 2022).With technological advances, the explicitness of CALL-based instruction and feedback provision can be adjusted based on each individual learner’s needs, L2 proficiency levels, and individual differences (e.g., learner beliefs, learning strategies, and motivation). In traditional classroom settings, teachers often do not have high flexibility to cater to every learner’s diverse needs when delivering teacher-fronted instruction. More specifically, teachers ought to choose to be either (more) explicit or implicit at each time of writing on the whiteboard (or blackboard) or speaking to the class (e.g., Chong et al., 2022; Ding & Rubie-Davies, 2019; Wadesango et al., 2016). Due to the class time constraint, it is not practical for teachers to ‘reteach’ what has been taught explicitly in an implicit manner, or vice-versa, at all times. With the expanded availability of CALL platforms, which include but are not limited to Blackboard, Moodle, and Canvas, teachers can either adaptively assign learners to instructional materials of varying levels of explicitness or allow them to select their preferred levels (e.g., Hassani et al., 2016; Heift & Hegelheimer, 2017; Katsaris & Vidakis, 2021; Lee, 2016). As the stimuli and interventions are customized to their individual needs and preferences, learners are more motivated to learn accordingly, thus maximizing the effectiveness of learning.

In common, the abovementioned examples demonstrate that the use of CALL platforms facilitates form-focused instruction because of its high transparency, which enables learners to understand the rationale and mechanism of computer-based feedback provision and thus why and how they should incorporate the CF generated into their written and spoken performance. Additionally, learners have more opportunities to engage in repetitive practice to improve their L2 receptive and productive skills based on the customized inputs. With further technological advances, AI applications can hopefully be utilized to a higher extent to enhance the functions of CALL platforms and, more importantly, the outcomes of L2 learning. Recently, Wong and Prange (accepted proposal) proposed a Bayesian probabilistic model for teaching and research practitioners to investigate or examine learner performance and its interaction with both fixed and random factors for modelling of learner knowledge. The proposed model aims to replace the narrow perspective of the Null-Hypothesis Testing approach deployed in previous studies (e.g., Wong et al., 2018) and to provide L2 practitioners with a more holistic view of language attainment for (re)designing curriculum and instruction to optimize language learning and teaching efficacy. For concept-based grammar instruction, AI-powered CALL platforms enable the operational systems to utilize user data collected from target learners to predict their learning performance based on the existing behavioural data and key variables identified (e.g., L2 proficiency, socioeconomic background, motivation, and education level). In this way, the platforms can offer more effective individualized training to learners across levels; for instance, less proficient learners can learn and practise only the unsatisfactory items (e.g., prepositions) with customized stimuli with the corresponding form–function mappings annotated while more advanced learners can be given idiomatic cues to promote their conceptual development further.



A Guide for Designing Concept-Based Grammar Instruction on CALL Platforms

Despite the numerous benefits offered by CALL platforms, the efficacy and sustainability of integrating technology into classroom language teaching remain questionable (Kennedy & Levy, 2009; Rahimi & Yadollahi, 2011). Garrett (2009) pointed out that language educators should, ideally, strive for a “dynamic complex in which technology, theory, and pedagogical are inseparably interwoven” (pp. 719–720). However, many real-life applications of CALL tools are technology- driven rather than evidence-based (Neri et al., 2002). Moreover, it is unclear whether some of the commercialized CALL products (e.g., Babbel, Duolinguo, VIPKID), as well as their bold commercial claims are always validated scientifically. Additionally, MacWhinney (2017) highlighted two major issues with these commercial resources: (a) the lack of integration with classroom activities and (b) absence of learner data for the study of L2 learning. Meanwhile, some L2 practitioners may lack the digital literacy to understand the extent to which technology could be integrated into classroom teaching. In addition, due to different theoretical foundations, technology development, and educational paradigms (Li & Lan, 2022), mixed findings were observed, thereby making it even harder for classroom application. Therefore, recent advances and applications of AI technologies and big data analytics do not automatically guarantee learning successes through CALL. In order for CALL instruction to effectively support the pedagogical goals of classroom practice, instructors must work closely with researchers in the process of developing online materials to ensure consistency with classroom instruction (Presson et al., 2013). On the other hand, the authors urged that the efficacy of educational interventions must be constantly examined through controlled experimental data, allowing interventions to be validated and improved for further implementation. For instance, a series of Web-based tutors, which they referred to as experimentalized CALL (eCALL) tutors, are made available for testing and use from sla.talkbank.org. These online cognitive tutors, motivated by several learning theories, such as the Competition Model (MacWhinney, 2015), are designed to support L2 learning of difficult aspects of Cantonese, English, French, German, Latin, Mandarin, and Spanish (MacWhinney, 2017). For example, The Pinyin Tutor as well as The English Article Tutor isolated the most difficult aspects (i.e., the phonological sounds of Mandarin; the polysemous functions of English articles) for learners through minimal pair design. That is, learner attention will be drawn to the contrasting differences between two competing cues. Learning will occur when the learner is able to acquire both the target as well as the competing cue (For a comprehensive review on the Competition Model, please see MacWhinney, 2012). However, some of these tutors only focus on rule presentation and drilling practice only, failing to promote deep cognitive processing through more engaging materials. The English Preposition Tutor, informed by Cognitive Grammar (Langacker, 1987) and the SCT, is one of the first efforts among the eCALL tutors to deliver a more concept-based online training, which demonstrates the conceptual mapping between spatial and its corresponding non-spatial function of a target preposition form using the same diagram. Using the English Preposition Tutor as an example (Wong, 2022; Wong et al., 2018), this chapter proposes a five-step guide to designing an eCALL tutor for L2 grammar instruction:


Adopting a Concept-based Approach to Teaching L2 Grammar: Combining the Three Usage-Based Models

Cognitive linguistics (CL) argues that language use reflects human conceptualization (Langacker, 1987; Lakoff, 1987; Talmy, 2000) as to how linguistic structures emerge, relying on how the speaker construes or perceives a situation. In addition, CL aligns with the Competition Model seamlessly as both models take on a usage-based approach and recognize the importance of “modelling, pattern recognition, observation, entrenchment, trial and error, and practice” to language learning (Masuda & Arnett, 2015, p. 3). On the other hand, the SCT assumes that human cognitive abilities develop as a product stemming from the dialectical interaction between our biological endowment and culturally constructed artifacts (Vygotsky, 1978, 1986). Therefore, SCT fundamentally links to the key notions of CL, in which it posits human categorization essentially as a matter of “both human experience and imagination – of perception, motor activity, and culture, on the one hand, and of metaphor metonymy and mental imagery on the other” (Lakoff, 1987, p. 8). Within CL and SCT frameworks, grammar instruction is expected to go beyond simply delivering sets of rules or rule-of-thumb definitions. It should equip learners with conceptual knowledge, enabling learners to meet real-life communicative intention through meaning making. Given the high compatibility of CL and SCT, these two theoretical frameworks have been integrated in classroom instruction through concept-based linguistic explanation with highly visual manifestations. However, findings along this line of research have been rather mixed (Buescher & Strauss, 2018; Lantolf & Tsai, 2018; Masuda & Labarca, 2015, 2018). Wong (2022) and Wong et al. (2018) suggested that the diverging evidence might be caused by a lack of transparency in pedagogical intervention (e.g., practice frequency of each target linguistic feature and richness of content materials). The low transparency also makes it hard for researchers to replicate the pedagogical intervention across various learning contexts. Another possible reason to the mixed instructional effects using the CL or the SCT paradigm would be the heavy cognitive load imposed on learners as the CL concepts on grammar could be quite abstract for learners to grasp (Boers & Lindstromberg, 2006). To address these issues, Wong (2022) introduced the third usage-based framework, the Competition Model, to the CL-SCT paradigm. While the CL and SCT inform the research questions on what and how to teach, the Competition Model specifically addresses the research question on how much to teach. By combining the three usage-based frameworks, a synergetic effect is created for L2 grammar learning with eCALL tutors.



Validating Target Language Use and Devising Training and Testing Stimuli with Corpora

Situating the eCALL tutor within the usage-based enterprise enables researchers to draw upon empirical and theoretical approaches that are different yet complementary (Ellis et al., 2016). As usage-based theories hold the view that an individual’s linguistic competence develops from their meaningful interactions throughout their language usage history, tapping into corpora allows us to discover, describe, and count the structural patterns from the authentic spoken and written data of language speakers.Together with natural language processing tools, corpora have been extensively used in recent decades to answer research questions that fall into areas of language use, including phraseology and lexicogrammar (Bennett, 2010). The rich databases of corpora, such as WordNet, British National Corpus, and Corpus of Contemporary American English (COCA), provide rich information about linguistic properties and usages. Such detailed information (e.g., lexical concordances and word frequencies) can be used to validate the linguistic analyses of a target feature. For example, by coding over 500 instances for each target preposition, Wong (2022) validated the polysemous preposition usages (e.g., the preposition over has more than 15 meanings) derived from a cognitive semantic analysis of English prepositions (Tyler & Evans, 2003). Upon validation, researchers will select the validated usages of the target linguistic form(s) for the eCALL tutor. Nonetheless, researchers are advised to translate the complex semantic analyses into pedagogically friendly materials (Boers & Lindstromberg, 2006; Taylor, 1993). Wong et al. (2018) mapped the more abstract preposition usages identified in the semantic network of over (Tyler & Evans, 2003) onto their corresponding spatial usages so as to help learners regulate their knowledge space in a more systematic fashion. On the other hand, researchers will be able to create authentic and diverse sets of training and testing stimuli with the help of corpora. In this way, the eCALL training resembles real-life language use and prepares L2 learners for more target-like production. The sets of training and testing stimuli created should be validated by English bilingual speakers from different backgrounds so that they reflect varieties in English.



Identifying Cues for Cue Contrast

After validation has been completed, researchers will have to identify cues for the target linguistic feature to be trained. A cue demonstrates the mapping between a linguistic form and its function (MacWhinney, 2012). For example, the preposition form in is cued by the semantic function of containment in a sentence, “The two students were playing in the laboratory.” Similarly, the modal verb form may is cued by the semantic function of permission in a sentence, “You may only pick from one of the two options provided.” Since may also covers two other semantic functions (i.e., possibility and concession), and thus there are a total of three cues for may, including may-permission, may-possibility, and may-concession. For eCALL training, researchers must remember that one cue only maps to one function. This implies that each cue in the training must be presented as a separate entity, rather than one cue with multiple functions. The main rationale for teasing out all functions of a form is to allow learners to see how cue competition works. Let us illustrate competition using the cloze sentence, “The flight _____ be delayed.” Both competing cues, may-possibility and will-possibility, express the function or meaning of possibility, so which one should the learner pick? The competition boils down to the contrasting difference between the two cues where may-possibility invites a weaker possibility interpretation whereas will-possibility conveys a stronger possibility interpretation. The learner must acquire both the target, as well as the competing cue in order to reach acquisition. By classifying the cues to be trained in a more fine-grained and systematic manner, limited cognitive resources could be focused on processing the most competing cues. In addition, this increases the transparency of eCALL pedagogical training where researchers and learners can easily decide on which cue to be trained and how many times each cue should be trained. More importantly, this will set a good foundation for building individualized or intelligent eCALL tutors in the future (Wong & Prange, forthcoming).



Fostering Deep and Elaborative Processing during Practice: How Many Trials?

Usage-based approaches recognize the importance of entrenchment, a key notion that highlights how only sufficient practice of input would lead to acquisition (Bybee, 2011). In other words, every time speakers encounter or use a cue (i.e., form–function mapping), it becomes more entrenched and thus allows for a faster activation of the cue. Also, given that language users are highly sensitive to input frequencies of language patterns, input plays a significant role in language learning (N. Ellis, 2002; MacWhinney, 2001). Therefore, once the cues have been identified and placed into contrasting pairs for cue competition, the eCALL tutor must provide sufficient training until the target cues are successfully entrenched in speakers’ mental language representation system. Nevertheless, in order to prevent learners from simply doing mechanical drilling, researchers must make sure the metalinguistic explanations (in the form of feedback or prompt) are cognitively stimulating. Using an eCALL tutor, Wong and Siu (under preparation) found that the intermediate L2 undergraduate learners who had received CL training showed more efficient processing than the group that had received a more traditional metalinguistic rules (i.e., rule-of-thumb definitions) and exemplar training despite the comparable gains in accuracy. Hence, each practice trial should encourage deep and elaborative cognitive processing so as to promote language acquisition. Another frequently asked question would be how many practice trials would be considered sufficient. Is more practice really better? And more importantly, is more practice necessary? Researchers often try their best to balance the training time across experimental groups in instructional studies to ensure fair comparisons for research purpose. However, that might not be fair from learners’ perspectives as some learners may need only a few trials to acquire the target cues while others would need more practice to reach acquisition. Although individual differences during L2 learning have been receiving more attention in recent decades (Suzuki, 2022; Zafar & Meenakshi, 2012), it is quite impossible for L2 practitioners to address these individual differences in L2 classrooms. But with the help of eCALL tutors, some of these individual differences could be addressed. For instance, unlike in a traditional teacher-fronted language classroom, learners enjoy more autonomy during CALL training as they get to decide what, when, and how they would like to interact with the content provided by the computerized programmes. Further, individualized or intelligent eCALL tutors can instantly and accurately diagnose learning problems of an individual and then provide corresponding practice trials for the target cues that are particularly challenging for the individual. In this way, the practice trials are driven by actual learner needs, not what teachers think they might need, thereby increasing learner engagement during learning.



Integrating the eCALL Tutor into Classroom Instruction: Concept-Based Instruction

In addition to a robust design, researchers need to carefully consider how the eCALL instruction can align with the pedagogical needs and goals of classroom practice. Most CALL and DDL tools are used in experimental or informal instructional settings only, and are seldom incorporated into formal instructional settings to support classroom teaching and learning. However, to ride on the waves of rapid technological advances, L2 researchers, learners, and instructors must “reconfigure their relations and roles in order to work in a new, more collaborative manner” (Presson et al., 2013, p. 140). For instance, teachers spend a great deal of class time to merely disseminate information, leaving little time for interactive activities and practice with the newly introduced knowledge. Besides, it takes time for learners to process new and complex information, let alone applying them to complete interactive activities. Therefore, even if the instruction is effective, learning could happen at a later point, depending on the readiness of learners. Under the hybrid learning environment, the eCALL tutor can take up the role as the information disseminator and equip L2 learners with some basic knowledge about the target linguistic structure prior to classroom instruction. In that case, L2 teachers can focus on doing communicative tasks with learners, allowing them to apply the newly acquired knowledge to complete the tasks at hand. More class time could also be allocated to discussing common mistakes produced by second language learners. Additionally, L2 researchers must communicate closely with L2 teachers in order to help devise engaging eCALL and classroom pedagogical materials. As for L2 learners, rather than taking a passive role in learning, L2 learners are expected to come to class prepared in order to apply what they have acquired from the eCALL to completing communicative tasks in class. Consolidation practice delivered via the eCALL tutor could be assigned to students as homework. The consolidation practice must involve content from the communicative activities that have been completed in class so as to demonstrate a link between the eCALL and classroom instruction.

If the eCALL tutor design follows the aforementioned four steps closely, its integration into classroom instruction would be smooth and systematic. The CL-SCT inspired materials available on the eCALL tutor can be further extended and integrated into classroom instruction via concept-based instruction (CBI). CBI, a teaching approach grounded in Vygotskian SCT theory, puts great emphasis on mindful conceptual engagement (Negueruela–Azarola & Fernández Parera, 2016), which can be achieved through materialization and verbalization (for a comprehensive discussion, please see Negueruela, 2003). CBI starts with the materialization stage in which relevant concepts are materialized in a systematic, coherent, and comprehensible way (Negueruela, 2003). For instance, García (2012) used a flowchart to teach the aspectual meanings in L2 Spanish. The concept of grammatical aspect was informed by a CL account of tense and adapted for aspect. Similarly, Wong et al. (2018) and Wong (2022) employed schematic diagrams to teach spatial and non-spatial polysemes of English prepositions. The form–function mappings of the target preposition forms were based on a cognitive semantic analysis of prepositions (Tyler & Evans, 2003). The learners are then encouraged to internalize the materialized concepts through the verbalization stage. L2 instructors and researchers should provide multiple opportunities for learners to verbalize the taught concepts in their own words, engaging learners in deep and personalized processing (Negueruela, 2003). Students’ verbalizations will holistically reflect to what extent they have internalized the taught concepts and their readiness to apply these concepts in resolving linguistic problems at hand (i.e., performing communicative tasks). Finally, we would like to remind researchers to wisely select training materials for eCALL and face-to-face classroom training respectively. For instance, some of the more challenging practice items could be reserved for in-class discussions whereas the rest could be evenly distributed across eCALL and classroom instruction. More importantly, every training and testing item should be annotated (e.g., cue name, idiomaticity, and level of difficulty) and ranked in order to ensure easy manipulation for different contexts.




Operationalization: Concept-based Grammar Teaching with an eCALL Tutor

This study set out to examine the effectiveness of concept-based grammar teaching via the English Preposition Mediation Tutor (Wong, 2022), which was an eCALL tutor developed based on the guide provided in the section, A Guide for Designing Concept-Based Grammar Instruction on CALL Platforms. Since both Wong et al. (2018) and Wong (2022) have confirmed that there was no testing effect based on the comparisons between the various experimental groups and control group, and thus we only focused on investigating the learning effects of concept-based grammar teaching via the eCALL tutor. Moreover, the main goal of this study is to demonstrate how the guide could help researchers develop a sustainable and robust eCALL tutor. Further, this study serves as a pilot study for a larger research project that examines the synergetic effect of the three usage-based frameworks, including CL, SCT, and the Competition Model, on the conceptual learning of English prepositions, in, at, over, through, and across, under both face-to-face and CALL environments. Therefore, we have limited our analysis to the quantitative data that illustrate how concept-based teaching, via an eCALL tutor, facilitates the learning of prepositions. The following two research questions are addressed in this study:


	RQ1. Does concept-based grammar teaching, delivered via the English Preposition Mediation Tutor, have an effect on the L2 development of the English prepositions, in, at, over, and through?

	RQ2. What are the learning differences between spatial and non-spatial polysemes (e.g., through the tunnel vs. through the ups and downs)?




Methodology


Participants

Fifteen ESL year-two undergraduate learners, with Cantonese or Mandarin as their L1, were recruited at a local university in Hong Kong. They were non-English majors with over ten years of learning English through formal instruction. None of them had studied in an English-speaking country before. We categorized the participants as intermediate learners as their reported mean scores for English at the Hong Kong Diploma of Secondary Education Examination was 2.07 (SD = 0.47). According to the Hong Kong Examinations and Assessment Authority (2011), candidates at level 2 are able to demonstrate basic knowledge and understanding to apply concepts and skills in familiar situations. They are also able to communicate simple ideas in a balanced way.



Pedagogical Materials and Design

This study closely replicated the eCALL training from Wong (2022) but added a new pair of polysemes from a new target preposition form through. To add a new pair of through cues to the training pool, four annotators, who were graduate students of linguistics, separately annotated a total of 500 randomized entries from the COCA, with reference to the semantic sentences identified in Tyler and Evans (2003). The annotators agreed on 98% of the preposition senses of through that appeared on COCA and the difficult cases were discussed and resolved in adjudication meetings. There were six training items for each polyseme, making up a total of 84 training stimuli (12 × 7). The experiment was created and hosted using Gorilla Experiment Builder (http://www.gorilla.sc/). The Gorilla Experiment Builder serves as a more affordable alternative for researchers with little or no programming experience to computerize their pedagogical materials. All training and testing stimuli were validated by three monolingual speakers of English to ensure high acceptability and authenticity. A demo version of the English Preposition Mediation Tutor is accessible through https://bit.ly/sla_talkbank_English_HK_prepMedTutor (Table 11.1).



Table 11.1 Seven selected pairs of in, at, over, and through polysemes


	Form
	Schematic diagram
	Function
	Spatial polyseme
	Non-spatial polyseme





	IN
	[image: An exhibit depicts a dot enclosed in a geometric cuboid structure.]
	To enclose something within a container
	There were five police officers in the station.
	The couple was madly in love.



	AT
	[image: An exhibit depicts a left arrow aiming at a vertical bar along the center.]
	To aim at a target
	The council member threw an egg at the chairperson.
	Professor Chan is mad at a student.



	
	[image: An exhibit depicts a dotted left arrow with six cross symbols alternatively tinted.]
	To locate a point along the route
	Blair set out for Beijing but stopped at Shanghai airport.
	Johnson started out at a small company and rose to become the managing director.



	OVER
	[image: An exhibit depicts three down arrows emerging from a solid circle.]
	Higher than, exerting influence
	The mother leaned over her baby’s cradle.
	The leader has power over his followers.



	
	[image: An exhibit depicts a dotted clockwise arrow over a dotted vertical line followed by a solid horizontal line.]
	To cross from one side to another
	The horse jumped over the fence.
	James got over his divorce.



	
	[image: An exhibit depicts a conical structure, its base overlapping a parallel bar.]
	Covering
	He put a blanket over his books.
	Silence lay over the town at midnight.



	THROUGH
	[image: An exhibit depicts a horizontal bar with series of overlapping circles extending from inside out.]
	To cross from one side to another, submerged
	The dog walked through the forest.
	The couple lived through World Wars I and II.






The eCALL training on the target prepositions was delivered in the format of a sentence-level cloze task. On each training screen, learners would see two sentences, one with the target preposition and the other with the distractor preposition. They were asked to decide which sentence provided best matched the context provided by the pictorial illustration. Before making a choice, the animated schematic diagrams of the two competing prepositions, together with their functions, will be shown to learners as prompts in order to guide their selection (Figure 11.1). Once a preposition had been selected, CL-informed CF would be provided, explaining the contrasting differences between the two preposition cues (Figure 11.2).


[image: An exhibit depicts a sample text that reads over and to as different relationship between the trajectory and the landmark.]
Figure 11.1 A sample of the training screen before selecting a preposition.


[image: An exhibit depicts a sample text that reads, the preposition over means that the trajectory is larger or perceived to be larger than the landmark.]
Figure 11.2 A sample of the training screen after selecting a preposition.



Measurement

A picture elicitation test (PET) was adopted to measure the productive knowledge of learners before and after receiving concept-based teaching via the English Preposition Mediation Tutor. The participants were given 55 sentences in total, 3 items for each polyseme (3 × 14 = 42), and 13 filler sentences that examined prepositions other than in, at, over, and through. Each test item was accompanied by a picture stimulus to set up an obligatory context for the target preposition use. The same set of test items were used for both pretest and posttest. Accuracy was the dependent variable and we analysed the learner performance on the target preposition polysemes only. A sample of assessment screen for the PET is shown in Figure 11.2.



Procedure

The study was administered online and there were three sessions of data collection, a pretest, a 60-minute training, and a posttest. The first and second sessions were completed on the first day and the posttest was completed a day after the training. Before the pretest, participants’ consent was sought and they were invited to fill out a language questionnaire regarding their L1 background, L2 learning experiences, as well as other demographic information (Figure 11.3).


[image: An exhibit depicts a sample text that reads, the athlete jumped dash the hurdle along with a picture of boy jumping over a hurdle.]
Figure 11.3 A sample of the picture elicitation assessment screen.



Results

The percent accuracy scores for the PET were used for the paired samples t test to compare the learning effects before and after the eCALL training. The main analysis aimed to investigate how concept-based teaching benefited learners’ productive use of prepositions. No outlier was found in the data. Paired samples t tests indicated that learners improved upon training. This improvement, 0.158, 95% confidence intervals (CI) [0.09, 0.23], was statistically significant, t(14) = 4.96, p < 0.000. Additionally, the paired samples t tests also showed a statistically significant improvement, 0.133, 95% CI [0.06, 0.20], on the learning of spatial polysemes, t(14) = 4.01, p < 0.001. Likewise, a significant gain of.184, 95%CI [0.10, 0.27], was found on the learning of non-spatial polysemes, t(14) = 4.43, p < 0.001 (Table 11.2).



Table 11.2 Effects of concept-based training on the learning of spatial and non-spatial polysemes


	
	Picture Elicitation Test



	Treatment
	Pretest
	Posttest





	
	Mean
	SE
	Mean
	SE



	Concept-based training (N = 15)
	.286
	.025
	.444
	.036



	
	Spatial polysemes
	Non-spatial polysemes



	
	Pretest
	Posttest
	Pretest
	Posttest



	
	Mean
	SE
	Mean
	SE
	Mean
	SE
	Mean
	SE



	
	.276
	.022
	.410
	.037
	.295
	.034
	.480
	.042








Discussion

This study investigated whether concept-based training delivered by the eCALL tutor would improve the learning of English prepositions. We found a substantial increase in accuracy shortly after a 60-min computerized CBI. Such improvement was significant for spatial and non-spatial polysemes. These results are consistent with the growing research that has adopted cue contrast as the main mechanism for eCALL training (Presson et al., 2013; Wong, 2022; Wong et al. 2018). Therefore, the findings confirm that sufficient cue-focusing practice paired with concept-based feedback leads to a better understanding of English prepositions, thereby confirming the synergetic effect of the three usage-based frameworks. Also, our findings enrich those of Wong et al. (2018) and Wong (2022) where a superior effect was found on a production-based test. This piece of finding continues to support the view that concept-based grammar instruction favours the promotion in productive knowledge. Such a consistent and positive finding further emphasizes the need to maintain a fine balance between rich concept-based grammar instruction and practice. Despite the great demand imposed on learners’ cognitive systems during training, cue contrast design has effectively facilitated learners’ deep processing of the competing preposition cues, as reflected by their substantial improvement made after the training. On the other hand, this study also examined how learners acquired spatial and non-spatial polysemes differently upon receiving CBI. It is often assumed that spatial polysemes are easier to learn as they are more concrete (Tyler, 2012). However, our findings showed that the accuracy for non-spatial polysemes were higher than that of spatial polysemes at the PET, which supported the finding in Wong (2022) where non-spatial polysemes were better learnt than spatial polysemes. Thus, we agree with the author that the primary or core sense of a preposition form could be a challenge as its meaning has to be abstract or schematic enough to cover all related senses arising from it (Langacker, 2008). Further, the explicit mapping between the spatial and non-spatial polysemes through shared schematic diagrams might have attributed to the substantial improvement in learner accuracy for both types of cues.





Conclusion

Rapid development in computer technology has opened up a wide array of opportunities for CALL. A tremendous amount of CALL-based L2 platforms and tools have emerged in the past decade alongside advances in AI and big data analytics, and the application of these digital technologies have become more pervasive amidst the Covid-19 pandemic, which had forced people to practice ‘social distancing’ (Li & Lan, 2022). Undoubtedly, some of these latest developed tools and platforms carry great pedagogical potential. However, it is unclear how these recent tools could be effectively assessed and whether these commercial digital products are evidence-based (van Deusen-Scholl, 2015). Therefore, this chapter has aimed to guide L2 researchers and educators to design an eCALL tutor that could serve both L2 research and teaching purposes. Not only is the instructional guide provided in the section A Guide for Designing Concept-Based Grammar Instruction on CALL Platforms well-informed by usage-based theories (i.e., CL, SCT, the Competition Model), but it is also strongly supported by compelling evidence from recent decades (e.g., Lantolf & Tsai, 2018; Wong, 2022; Wong et al., 2018; Zhao & MacWhinney, 2018). The pilot study in the section Operationalization: Concept-based Grammar Teaching with an eCALL Tutor was to demonstrate how the instructional guide could be manifested in L2 research and learning context. Nonetheless, the effectiveness of digital applications to language education heavily depends on the collaborative efforts of L2 researchers, educators, and learners. Besides, there are still apparent gaps within research, as well as between research and industry when it comes to understanding the mechanisms under which CALL might enhance learning success (Li & Lan, 2022). Through communal effort of various stakeholders, we hope to address both theoretical and practical problems regarding CALL and L2 language education, allowing a sustainable integration and utilization of emerging technologies in L2 learning environments.
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Introduction

Corpus linguistics requires an understanding of various linguistic and technological issues relating to the availability of technological facilities for generation, storage, management, annotation, processing, analysis, and dissemination of language data and information as well as a conscious realization of the importance of language corpus in the process of advancing technologies, languages, and societies. In a context when modern computer technology continues to penetrate life and living of common people, we need more clarity to visualize the importance of digital corpora in developing ‘knowledge-based societies’ where language data, linguistic information, and technology developed with language data and information play a beneficial role for the betterment of societies. In recent years, we have noted a positive change in the approach to the use of language corpora as a reliable resource in many domains of language technology and linguistics. This phenomenon of trust in corpora is triggered through several factors such as easy and customized accessibility of corpus data, objective analysis, and description of a language based on actual empirical evidence, utilization of language data and information in various domains of language application and utilization of language-based technology in the development of new societies empowered with linguistic support systems. Also, it reflects on ideological and technological changes that have taken place during the last seven decades or so.

The use of computer technology in linguistics opens many new methods of collecting, storing, and processing language data, interpreting and analyzing them, and fruitfully utilizing them in different domains of humanities, social sciences, natural sciences, and technology. This was hardly possible before the use of computers in generation and processing of linguistic data. In the earlier years, we had to be happy with a limited amount of language data for linguistic works because we had no automated system under our disposal by which we could assemble a large amount of language data from various domains of language use, analyze them, interpret them, and utilize them for our purposes. Now we use a computer to collect language data of any size, type, and variety; classify them, process them, analyze them; and utilize them in various works. The importance of a corpus is acknowledged because it contributes to making new findings, helps in utilizing data in applications, provides scope for modifying old observations, generates opportunities for formulating new theories, and prepares new fields for applying language data in direct service to society. Moreover, it brings in new insights to look into the systemic operation of the human mind to understand the complex cognitive processes like receiving, processing, comprehending, and sharing linguistic signals (Winograd, 1983: 18).

After seven decades of corpus use in various domains of linguistics and language technology, we have now understood that the utility of a corpus is not limited to linguistics and technology alone. It has proved its usefulness in many other domains of natural and social sciences where language data is an integral part of study and application (Dash and Arulmozi, 2018: Ch. 14). Since the analysis of corpus data supplies important perspectives toward linguistic description and interpretation, the information gathered from a corpus becomes valuable input to many disciplines of human knowledge (Leech and Fligelstone, 1992). From several surveys, it is known that language corpora of different kinds are used in more than a thousand studies and applications covering almost all the major areas of linguistics and aligned disciplines (Svartvik, 1986; Biber, 1996; Dash and Chaudhuri, 2003; Dash, 2005; Cheng, 2011; McEnery and Hardie, 2011; Vandelanotte et al., 2014; Crawford and Csomay, 2015; Weisser, 2015; Dash and Arulmozi, 2018; Dash and Ramamoorthy, 2019). The relevance of a corpus, from both theoretical and applied perspectives, is realized when we understand the following objectives of a corpus:


	Emphasis on actual linguistic performance than on competence.

	Emphasis on language-specific properties than on general linguistic universals.

	Emphasis on quantitative results than only on qualitative interpretations.

	Emphasis on empirical validation than on intuitive assumptions.

	Emphasis on scientific inquiry than on hypothetical speculation.

	Emphasis on language application than on language description.



A corpus is a resource that serves a large number of domains of linguistics, language technology, cognitive linguistics, and sister disciplines. Due to multidisciplinary application of real-life language data, corpus linguistics emerges as a new approach toward linguistics—a new method of studying and applying language data using techniques and tools of computer science (Landau, 2001: 277).



What Is Language Technology?

What is language technology? This is an age-old intriguing question. Is it a technology for language or a language for technology? The compound expression (i.e., language technology) is deceptive, ambiguous, and confusing. In our understanding, it is a bidirectional domain that combines both approaches. It is an applied field that includes linguistics, computer science, statistics, and other areas. It is primarily concerned with interactions between language data and computers. It is now treated as a sub-branch of Artificial Intelligence (AI) because language processing is a highly complex method of human–computer interaction. Understanding a natural language by computer is an AI problem because it requires exhaustive information and extensive knowledge about the linguistic and extralinguistic world and an ability to manipulate this information and knowledge by a computer system. The question of whether natural language processing is different from or identical to language technology is a matter of perspective. On one side, we may define language technology by way of focusing on the theoretical aspects of language processing; on the other side, we may look at it as a way of analyzing and devising systems for language application on digital platforms. All language technology systems are, therefore, primarily grounded on machine learning and a major load of information that is needed in machine learning comes from language data. As researchers of language technology, we have to depend on theories, information, and insights gathered from different disciplines of human knowledge (e.g., Linguistics, Computer Science, Statistics, Mathematics, Neuroscience, Cognitive Science, Discourse, Psychology, Sociology, Semiotics, Ethnography, Ecology, Philosophy) to make language technology an area of high applicational relevance in every human life.

The journey of language technology, in a simple count, started in the early 1950s, though researchers may trace it back to much earlier years (Turing, 1950). Some notably successful language technology systems that were developed in the 1960s could primarily work with a restricted amount of language data (Bara and Guida, 1984). During the 1970s and 1980s, many computer scientists began to work with real-life unstructured linguistic data and information with programs that could convert these data into a computer-understandable form (Guida and Mauri, 1984). Up to the 1990s, most of the language technology systems were based on complex sets of manually framed linguistic rules that are applicable to a computer. In the new century, there was a revolution in language technology with the introduction of machine learning algorithms for language processing and this was possible due to an increase in the amount of language data on digital platforms and improvement in storing and processing capacities of computers (Harris, 1984; Rosenschein, 1984; Guida and Mauri, 1986). Notable success in machine translation, for instance, was made due to the application of complex statistical models on large amounts of multilingual text corpora (Chan, 2015).

Recent research in language technology has increasingly focused on unsupervised and semi-supervised algorithms, which learn from multimodal language corpora—both annotated and non-annotated. This is a more difficult task than supervised learning, and it typically produces less accurate results for a given amount of input data. However, there is an enormous amount of non-annotated data, which often makes up for the inferior results. Essentially, modern approaches to language technology are grounded on various machine learning strategies although the paradigms of machine learning are significantly different from those that were applied at the early stages of language processing. The modern machine learning paradigms, instead of using general learning algorithms, often depend on statistical results derived from large language corpora (i.e., big data) to automatically learn linguistic rules through the analysis of several typical real-life examples. For instance, consider the task of part-of-speech (POS) annotation (i.e., determining the correct POS of each word in a given sentence of a text). A typical machine learning-based tool for POS annotation works in three basic sequential stages: (a) training, (b) application, and (c) evaluation. The training stage makes use of a text corpus of training data, which consists of a large number of sentences, each of which has the correct POS tag attached to each word (e.g., Penn POS Corpus). The application stage operates on a large amount of un-annotated natural language text, which is again derived from several corpora, to annotate words at the POS level. The annotation task is done in an unsupervised or semi-supervised manner. Finally, the evaluation stage verifies the outputs of the application stage with various existing or novel statistical models to approve or disapprove results.

Over the years, many different types and classes of machine learning algorithms have been applied to language technology tasks. The most common traits of these algorithms are that they take a large set of ‘features’ that are generated from analysis of language data as inputs. For example, for a question-answering system, some of the typical features (or functions) involve the recognition of a linguistic expression as a question, analysis of the type of the question, understanding the syntactic structure of a question, capturing meaning embedded into it, recognizing the sentiment hidden in the question, searching out an appropriate document that may carry an answer, extraction of the answer from a document, evaluation of the answer before responding, and finally generating the answer either in text or speech mode. Such a complex task of language technology depends on inputs taken from two ends: linguistic data and information from corpora, and technological help from computer science. In essence, language technology is happy in engaging technological devices like computers and mobiles to do a large number of purposeful activities with natural languages, both spoken and written. It brings in new advances in computing and develops tools and systems to serve language-related human requirements. It is recognized as one of the highly productive domains of IT. We may sum up the major domains of language technology in the following manner (Figure 12.1):


[image: An exhibit depicts the core, semi - core, and peripheral domains of language technology.]
Figure 12.1 Major domains of language technology (past, present, and future).


	Digital font generation: development of digital fonts and conversion of non-digital texts into digital form (e.g., printing font, digital font, ASCII, ISCII, and Unicode).

	Corpus development, processing, and annotation: development of a corpus of different kinds and types; different types of corpus processing (e.g., word processing, spelling checking, text normalization, morphological processing, frequency count, lexical search, concordance, local word grouping, lemmatization, grammar checking), annotation of corpus (e.g., orthographic, prosodic, grammatical, syntactic, discourse, etymological, anaphoric, figurative).

	Digital language resource development: lexical databases, dictionaries, thesaurus, references, encyclopedias, machine-readable dictionaries, wordnets, sense nets, course books, grammars, and study materials.

	Human–machine interface development: systems for word sense disambiguation, information retrieval, optical character recognition, text summarization, text conversion, machine translation, web-based learning, question-answering, computer-aided instruction, computer-assisted language education, text preparation, e-governance, and online language education.

	Machine translation support system: multilingual resource access, multilingual information access, transliteration, cross-lingual language information retrieval, and text alignment.

	Speech technology development: speech recognition, synthesis, and processing, pronunciation verification and recognition, voice recognition, speaker identification, text-to-speech, speech-to-text, and speech disorder recognition and repair.



Most of these have direct real-life applications and many of them serve as sub-tasks to solve larger language technology challenges. These tasks not only refer to the volume of research that is to be carried out in future but also reiterate the fact that each task, in itself, is a well-defined problem, the solution of which depends on how it deals with information derived from corpora and the technology generated through computation. In the following sections, I shall discuss digital font generation, corpus generation, corpus processing, corpus annotation, and application of corpus in different areas of human knowledge.



Digital Font Generation and Conversion

In typography, a font is a collection of sorts that constitute the complete character set of a single size and style of a particular typeface (e.g., Times New Roman, Arial, Calibri, Verdana, Cambria, and Book Antiqua). There are many such fonts, in printed and digital versions, that are used for writing English, French, Spanish, and other languages that use the Roman script. Due to the advancement in digital printing technology and availability of these fonts in digital versions, writing texts in digital versions for these languages is no more a problem. Because of these facilities, in the last few decades, we are flooded with a huge amount of digital texts in these languages. Starting from governments to publishers to commercial houses to institutions to individuals, in every domain of human knowledge, everyone is producing a large amount of data that can be easily collected, analyzed, processed, and applied in different works and applications. This is an established scenario for years and the situation is gradually improving day by day.

With regard to non-advanced and non-digitized languages (which are indeed very large in number), this is a crucial issue and a daunting task for scientists engaged in font technology, one of the primary areas of natural language processing. We have to keep in mind that, even at this advanced stage of language processing, there are many non-advanced and minority languages, which have not yet been successful in producing digital language texts or linguistic resources due to the non-availability of digital fonts that could be used to produce digital texts. Against this background, some of the major issues in font technology for less-advanced languages are the following:


	Designing fonts for all minor languages that have separate scripts and writing systems to be used for digital text generation.

	Conversion of existing printed text documents into machine-readable texts through the application of the Optical Character Recognition system.

	Developing fonts of different types and styles to address various academic, administrative, and commercial requirements.

	Conversion of non-Unicode-based fonts into Unicode-based fonts for global access to texts.

	Designing Unicode-based fonts for old and obsolete characters (that were once used in scripts) for proper conversion and rendering of old printed and handwritten texts into digital forms.

	Making Unicode-compatible fonts available to people of those languages so that they can use these to produce digital texts.

	Development of transcription modules for bidirectional-transcription of texts (e.g., English to Mundari and Mundari to English).

	Localization of tools and systems of font technology for non-advanced languages for creating lasting impacts in the development of knowledge-based societies.

	Sharing knowledge and font technology that is already developed and applied in advanced languages with less-advanced and non-advanced language scripts.

	Making font technology a part of digital ethnography in the preservation, protection, and promotion of scripts and writing systems of less-advanced languages.



In the present global context, these works are still unattended for many non-advanced languages. We have to think seriously about how all these problems are addressed and solved so that the benefits of language technology reach every language community—advanced or non-advanced, resource-rich or resource-poor, and technology-savvy or technology-hungry.



Language Corpus Building

The introduction of a corpus in language study adds a new dimension to linguistics. Corpus linguistics is not a ‘new area’ of language study; it is a ‘new approach’ (or a new method) to language study. It argues for studying a language through empirical analysis of language data produced in machine-readable form with a large collection of texts. This approach, over the years, has been successful to bring in new perspectives toward language study in several domains, namely, language description, language education, language experiments, and language computation. The underlying theoretical idea of corpus linguistics is quite broad. It refers to a process of an exhaustive analysis of a substantial body of authentic spoken and/or written texts and processing the same for various academic, social, and commercial needs. Digital corpus is now a known thing to us and we have come to a common agreement to understand what counts as a ‘corpus’, what are its characteristics, how it can be built and classified, how it can be annotated and processed, and how it can be analyzed and utilized. We have also understood that we can refer to corpora to understand some of the complex cognitive and linguistic questions about how people use language for communication, information generation, and knowledge sharing. Also, there are technical motivations for compiling language corpora for building intelligent devices and systems that will efficiently interact with human beings and perform many language-related tasks. All such goals have inspired computer scientists and linguists to work together to develop language corpora to be processed and utilized in designing intelligent systems like machine translation, speech recognition, information extraction, question-answering, sense disambiguation, sentiment recognition, language education, machine-aided instruction, etc. What we have understood from our involvement with activities like corpus generation, processing, annotation, analysis, and applications over the years, is that both language and technology receive huge benefits from insights and information gathered from corpora. This confirms the importance of description and analysis of data and application of corpus in diverse spheres.

The term corpus is derived from the Latin word corpus, which means “body”. In the present context, we use this term to refer to a large digital collection of natural language texts that are assumed to be representative of a given language, dialect, or a subset of a language, to be used for linguistic annotation, processing, and analysis. It typically contains a collection of representative samples that are obtained from texts of different varieties of language use in various domains. Theoretically, it is capable of gathering unlimited selections of texts, compatible with computers, operational in research and application, representative of a source language, processed by a machine, unlimited in amount of data, and systematic in formation and representation. From a theoretical perspective, salient features of a corpus are the following (Dash and Arulmozi, 2018: 16):


	Quantity: A corpus should be big. It should contain a large amount of data from spoken and written sources. It is the total of components that constitute its body.

	Quality: It refers to authenticity of data. All text samples should be collected from genuine use of speech and writing. Samples should be collected from original communication (and not from experimental conditions or artificial circumstances).

	Representation: It should include samples from a wide range of disciplines. Samples should be balanced to all disciplines to represent wide domain varieties. Later studies devised on it will require authentication of information from texts representing a language.

	Simplicity: A corpus should primarily contain simple plain texts. Text should be free from any annotation that carries linguistic and extralinguistic information. Corpus users are not always willing to have additional information tagged to texts.

	Equality: Text varieties should be of even size concerning the number of words. It is, however, a controversial issue, and therefore, cannot be applied blindly. Sampling process varies based on a specific requirement.

	Retrievability: Data and information should be retrieved from a corpus. It draws attention to storage techniques of data in electronic form in an archive. Modern technology allows one to store a corpus in such a manner that one can easily retrieve data from it.

	Verifiability: Corpus should be open for empirical verification. Users are free to use data from it to examine earlier observations. This puts a corpus ahead of generative linguistic study.

	Augmentability: A corpus, unless it is a fixed one, should grow regularly. This allows a corpus to reflect on the linguistic changes that take place in a language over time. By regular addition of synchronic data, a corpus attains a diachronic dimension.

	Documentation: Information about corpus building should be preserved for documentation. It is to be stored as metadata in a header file. This becomes useful at subsequent stages of corpus management and reference.

	Management: It involves storage of texts for faster and easier retrieval. The utility of a corpus is increased by an elegant arrangement of texts in an archive. It makes application of data more effective and fruitful. It may involve schemes for maintenance, standardization, augmentation, upgradation, and dissemination of data.




Classification of Corpus

Digital language corpora are new things. We are yet to come to a consensus about their classification. The scheme that I propose here offers a reasonably workable way of classifying language corpora with delimited categories wherever possible. I argue for using the external and internal criteria for classifying corpora. The external criteria refer to a text type that is linked with participants, occasion, social setting, and function of a text. The internal criteria, on the other hand, refer to the use of language properties within a piece of text. It is known to us that corpora can be of many types with regard to texts, languages, modes of data sampling, methods of corpus creation, manners of text annotation, goals of text utilization, etc. For instance, one corpus may contain samples of written texts, the other one may contain samples of spoken texts, and the third one may contain transcripts of spoken texts. Similarly, a corpus may contain samples of present-day use of a language, while the other may contain samples from old texts; a corpus may be monolingual with a collection of data from a single language, while another may be bilingual or multilingual by including texts from two or more languages; texts included in a corpus may be collected from one source, two sources or many sources of a particular field or across fields. This implies that numerous factors control the content, type, and use of a corpus as well as numerous ways that one can employ to classify corpora. It also implies that the kind of text included as well as a combination of different text types is crucial in classifying corpora. Each corpus developer is, however, free to adopt unique methods in language representation, text collection, and text application. These factors can make a corpus unique in form, content, feature, and function (Dash and Arulmozi, 2018: 38). Taking various factors and issues into consideration, I classify corpora in the axis of genre, data type, language, time, annotation, and application (Table 12.1).



Table 12.1 Classification of corpora based on different axes


	No
	Axis
	Subtypes





	1
	Genre
	text, speech, spoken, multimodal, dialogic



	2
	Data type
	general, special, sub-language, sample, literary, dialect, monitor, sociolect, idiolect, learner, mass media



	3
	Language
	monolingual, bilingual, multilingual



	4
	Time
	synchronic, diachronic, historical, ancient, medieval, modern, time-bound



	5
	Annotation
	un-annotated, annotated, semi-annotated



	6
	Application
	aligned, parallel, translation, reference, comparable, opportunistic, experimental, educative








Corpus Generation

There are various issues relating to design, generation, and management of a corpus. These issues vary based on the type of text and purpose of its use. For instance, issues relating to speech corpus generation differ from issues relating to text corpus development. Development of a speech corpus involves issues and factors like purpose of use, selection of speakers, choice of settings, size of a corpus, use of recording instruments, manner of data sampling, manner of data elicitation, nature of transcription, types of data encoding, management of audio files, editing of input data, processing of spoken texts, annotation of speech, analysis of speech corpus, etc. On the other hand, development of a text corpus addresses issues like size of a corpus, representation of text types, question of nativity of language users, determination of target users, selection of time-span of production of texts, coverage of disciplines, selection of text documents, collection of source text materials, methods of data sampling, manners of data collection, manners of text normalization, management of corpus files, types of text annotation, and issues of copyright. That means, based on the type of text, one has to address various issues of corpus generation. Keeping this view, I address below some of the common issues of corpus generation.

How big a corpus should be? This is related to size of a corpus as size is an important issue in corpus generation. In case of a speech corpus, it is related to the amount of audio data (in MB or GB) or duration of a speech (in hours and minutes). In case of a speech corpus, on the other hand, it is linked with total number of sentences, unique words (types), and total words (tokens) in a corpus. It also depends on the decision of how many text categories are kept in a corpus, how many text samples are put in each category, and how many words are kept in each sample. Although size does matter on the scale of ‘reliability’ of a corpus, in reality, a corpus, however big it may be, is a small representation of the vast amount of speech and text varieties that are produced in a language. In the early 1960s, when computer technology was not conducive to collecting a large amount of language data, a corpus of 1 million words was considered good enough (e.g., Brown Corpus, Lancaster-Oslo-Bergen [LOB] Corpus, KCIE [Kolhapur Corpus of Indian English]). In the last 70 years, computer technology has undergone a sea change in storage, accessing, and processing capabilities, and due to this, size is no more an issue. This is an age of big data. Therefore, the bigger the size of a corpus, the more is its utility, faithfulness, and reliability. In the new millennium, a corpus that contains hundreds or more millions of words is a preferred choice (e.g., British National Corpus [BNC], International Corpus of English, American National Corpus).

The issue of size becomes less relevant in the context of text representation. A large corpus does not guarantee a balanced representation of all varieties of texts of a language, if not desired so. A small corpus with wider text variations is a much better representative than a large corpus with fewer text variations. A large yet less varied corpus cannot be used for generalization of a language. A corpus is truly ‘representative’ when findings from it are generalized to a language or a part of it. Therefore, rather than focusing on the quantity of data in a corpus, it is always sensible to emphasize varieties of data. That means language data should come from the texts of all possible domains of language use. The size of a corpus should be set against diversity of texts to achieve proper representation. In any corpus, the greater the number of unique text samples, the higher the reliability of analysis of linguistic variables. The Brown, LOB corpus, and Survey of English Usage, for instance, contain a wide variety of text types, and therefore, they are considered much better representatives of English. However, the BNC and the ANC, which are not only very large but also far more diversified in structure and text types, empirically settle the issues relating to size and representation.

The question of nativity of text producers is another crucial issue in corpus generation. The general argument is that texts produced by native language users should get priority over texts produced by non-native users in a general and monitor corpus. A general corpus tends to represent a language, which is considered ‘standard’ in works in linguistics and language technology. The non-native use of texts in a general corpus can have an adverse effect on linguistic analysis of data and information. One of the reasons behind building a general corpus is to enable scholars to analyze ‘standards’ to see what does occur and what does not than looking into non-standard interpolations. The primary idea is that we should have a general corpus that includes ‘benchmarked’ and ‘standard’ data so that we can collect information about how accepted standards are commonly used in mainstream linguistic activities. Based on a general corpus, we like to produce texts and reference materials that will guide in spelling, pronunciation, grammar (i.e., syntax), meaning, and usage.

In case of a special corpus, we like to include text samples produced by non-native users as the aim of this corpus is to highlight linguistic peculiarities that are typical to non-native users. Here, the question of representation is not linked with the language as a whole but with the language used by a particular type of people who are primarily non-native speakers. The question of nativity, however, becomes quite complicated and sensitive when we notice that the same language (e.g., English) is used by people separated by some geographical or political barriers (e.g., British English, American English, Australian English, Indian English, African English, Jamaican English). In this case, for instance, we may find forms that are correct by the ‘rules of grammar and usage of Indian English’ (and perfectly understandable) but are not the ‘right’ forms in the ‘rules of grammar and usage of the British and American English’.

There is no fixed target user for a general corpus, as such. Anybody can use it for any purpose. In case of a special corpus, identification of target users is important. Since each research has a specific goal, a special corpus has to be designed accordingly. For instance, a person working on developing a tool for machine translation (MT) requires a parallel corpus than a general one. Similarly, a person working on comparative studies between two or more languages requires a multilingual comparable corpus than a monitor corpus. To summarize this feature, I generalize a model to relate the types of a corpus and its users (Table 12.2).



Table 12.2 The target end-users and the type of corpus they require


	Target users
	The type of corpus required





	Comparative linguists
	Bilingual, multilingual, parallel, and comparable corpus



	Descriptive linguists
	General text and speech corpus



	Dialogue researchers
	Speech, spoken, prosodically annotated, dialogue corpus



	Grammar writers
	Monolingual general and monitor corpus



	Historians
	Literary corpus, diachronic corpus



	Information retrievers
	General, monitor, and annotated corpus



	Lexicographers
	General, monitor, special, reference, and diachronic corpus



	NLP and LT people
	General, monitor, parallel, spoken, aligned corpus



	Parsing people
	POS annotated, monitor, text corpus



	Psycholinguists
	Special, speech, and text corpus



	Social scientists
	General, speech, text, and special corpus



	Sociolinguists
	General, text, speech, and monitor corpus



	Speech technologists
	Speech corpus; spoken and prosodically annotated corpus



	Syntacticians
	POS annotated, parsed, monitor, text corpus



	Teachers and students
	Learner corpus, monitor corpus, and general corpus



	Terminologists
	Special, reference, and topic-based corpus



	Translators
	Bilingual, multilingual, parallel, comparable, annotated corpus



	Word-Net people
	Annotated, monitor, text corpus






Since language changes with time, the determination of a time period is required, at certain stages of corpus generation, to capture unique features of a language manifested within a specific time period. It is, therefore, sensible to keep this feature in mind during corpus creation, as a corpus usually attempts to represent a particular period of time with time indicators. Texts, for instance, published between 1950 and 2000, may possess some unique linguistic items (e.g., words, set expressions, phrases, technical terms) that significantly represent the actual state of a language of that time as well as provide relevant information to understand how changes are taking place in a language within and across different periods.

An important issue in corpus building is the selection of text type. It is necessary to decide if a corpus should contain all types of written text samples or specific sets of text samples. A general corpus usually includes standard text samples as it aims to identify what are central and common features of a language. It hardly cares for any typical, special, and unique features that are represented in the database. Therefore, we can furnish a general corpus with standard text samples of contemporary writings and a calculated and proportional representation of texts can suffice our requirement. On the other hand, in case of a monitor corpus, which tries to represent all possible text varieties, we may include all non-standard and ordinary text samples along with standard and established text samples. It also includes texts produced by little-known writers along with texts created by well-known and reputed writers. A heterogeneous monitor corpus includes text samples from all subject areas and the individuality of the source of a text and its writer are well attested. Thus, a monitor corpus becomes a worthy representation of texts that are ever produced in a language. Diversity is a useful safeguard for a monitor corpus against skewed representation.

The task of sampling of texts has to be done with collected text materials based on the character of a corpus. The sorting of texts can be random, regular, or selective. Since there are several methods for data sampling to ensure optimum representation of texts in a corpus, we may pre-define the kind of data we want to study before we define a sampling procedure. The application of the random sampling method usually saves a corpus from being skewed and less representative. This method is widely used in many corpus generation projects across languages. Alternatively, we may apply selective sampling methods that are used in the Brown Corpus and the LOB corpus or consider more suitable methods of text representation, keeping in mind the goal and purpose of a corpus.

The management of corpus is a complex and tedious task. It involves diverse activities like storage, metadata generation, archiving, augmentation, upgradation, processing, retrieval, dissemination, and other works. Once a corpus is built and stored in an archive, we need robust schemes for regular maintenance, upgradation, and augmentation of the resource. There are always some errors to be corrected, some modifications to be made, and some improvements to be implemented. Adaptation to new hardware and software and addressing the requirements of users are two vital issues that have to be taken care of. Moreover, there are technical issues with retrieval, processing, and applying analytic tools and systems on databases. We have to be comfortable with the application of modern toolkits on corpus as such devices help us execute many useful tasks on a corpus.

The processes of corpus sanitation start when a corpus is made ready for use. There are many linguistic and technical issues relating to corpus sanitation (e.g., text normalization, orthographic error correction, spelling error correction, real word-error correction, grammatical error correction, punctuation error removal, and tokenization). Many of these works have to be done on a corpus before a corpus is made ready for application in technology and other works (Dash, 2021). Recently, scholars have proposed some corpus sanitation principles and rules that may be applied when we normalize texts in a corpus (Dash, 2021: Ch. 3). Typically, various types of errors occur during corpus generation. To remove such errors, we need to verify a corpus with its source texts. We need to ensure that spellings of words are corrected, words are spaced, punctuations are rightly used, text lines are maintained; paragraphs are preserved, and extratextual elements are removed. Besides, we have to check if foreign words, quotations, phrases, sentences, and dialectal forms are properly represented in a corpus. Mathematical expressions, chemical formulae, geometric diagrams, tables, pictures, figures, flow charts, diagrams, and other non-textual elements are rightly removed from a text corpus. Also, all broken strings should be repaired before a corpus is made ready for use. In many situations, it is observed that a word is broken into two parts where the first part is a base form and the second part is a particle, case marker, or an enclitic. Such forms should be joined together to form an acceptable token (e.g., market able &gt; marketable, meaning ful &gt; meaningful, natural ly&gt; naturally). Such errors should be repaired and the broken parts should be merged to preserve the high referential value of a corpus.

It is necessary to dissolve issues of copyright of texts with copyright holders before a corpus is made open for application. Copyright laws are complicated and usually vary from country to country. If one uses texts for personal purposes, then perhaps, there is hardly any problem. This is fine not only for a single individual but also for a group of scholars who are working together on some areas of research. With regard to the use of a corpus for academic purposes, there are also problems with ethical ‘right, wrong, legal or illegal’. As long as it is not directly used for commercial purposes, one can utilize a corpus. However, when one uses a corpus to produce tools, systems, and resources and commercialize these, one has to face copyright problems. In direct commercialization of corpus, one should seek permission from legal copyright holders.




Corpus Processing

The processing of a corpus starts after a corpus is generated and normalized. Processing is necessary for utilizing corpus data in linguistic research and technology development. There are various ways of processing (e.g., data analytics, concordance, collocation, keyword marking, local-word-grouping, lexical clustering, lemmatization, morphological processing, sentence processing, named entity marking), which are applied to a corpus with appropriate technological supports. The outputs obtained from processing may agree with or contradict the results of earlier studies and findings. At present, there are many processing tools and software that are available mostly freely for corpora. I briefly discuss here a few well-known corpus processing techniques for understanding these technical issues. More details are available in some recent works (Bird et al., 2009; Ide and Pustejovsky, 2017; Lane et al., 2019; Vajjala et al., 2020; Dash, 2021).

Studies in mathematical linguistics, computational linguistics, corpus linguistics, applied linguistics, forensic linguistics, stylometrics, and other domains require statistical and quantitative results from a corpus. Without knowledge of statistics about various properties of a language, we make mistakes in the analysis of language data and inference deduction. A corpus often becomes a subject of quantitative and qualitative statistical analyses for addressing empirical and theoretical queries. In quantitative statistical analysis, we classify linguistic properties or features in a corpus, count their frequency of occurrence, and construct statistical models to explain what we observe. We also try to discover which phenomenon is likely to be a genuine reflection of a language and which is a mere chance occurrence. In qualitative statistical analysis, on the other hand, we look at multidimensional analysis of observed phenomena in a corpus and try to find factors behind the occurrence of a feature or an element in a text. Both types of analysis have something to contribute to corpus-based language study. While descriptive statistical analysis enables summarizing the most important properties of observed data, inferential statistical analysis helps to use information from descriptive statistical analysis to reply to questions, formulate hypotheses, and verify propositions. The evaluative statistical analysis, on the other hand, enables testing if hypotheses are supported by true evidence in data and how mathematical models and theoretical distributions of data are related to reality. To perform comparative studies, we apply multivariate statistical techniques (e.g., Factor Analysis, Multidimensional Scaling, Cluster Analysis, Log-linear Models, and Pearson Correlation) to extract hidden patterns of language use from frequency data obtained from a corpus.

Numerical sorting is one of the most straightforward approaches to working with quantitative data of a corpus. Here, items are classified according to a particular scheme, and an arithmetical count is made on the number of items that belong to each class in the scheme within a corpus. Information collected from frequency counts is rendered in alphabetical or numerical order. Both lists are arranged in ascending and descending order based on the requirement of the study. Anyone studying a corpus may like to know the frequency and patterns of use of each item in it. A frequency list of unique words, for instance, is a useful clue in the identification of the type of text (Dhar et al., 2020). By examining the lists, we get an idea about the structure of a text and accordingly, we can plan for an investigation. The alphabetically sorted list, on the other hand, is normally used for general reference purposes. An alphabetically ordered frequency list is used when there is a need to check the overall frequency of a particular item in a corpus. It is useful as an object of separate study also, as it helps in formulating hypotheses to be tested as well as for checking assumptions already made before. However, before we initiate frequency count on a corpus, we have to make a decision regarding the linguistic identity of characters, words, idioms, phrases, clauses, and sentences used in a corpus. It will save us from false observation and wrong inference deduction.

Lexical concordance is a process of making an index of words used in a corpus (Sinclair, 1991). It is a collection of occurrences of words, each in its textual environment, to show patterns of use of words across text types (Roberts et al., 2006). Each word is indexed with reference to a place of each use in texts to measure its range of distribution and sense variations (Wiechmann and Fuhs, 2006). Concordance helps to understand many important issues and aspects relating to the use of words in texts that becomes a crucial input in language teaching (Quiao and Sussex, 1996; Willis, 1998; John, 2001; Sripicharn, 2004; Chan and Liou, 2005). There are some free concordance software (e.g., MonoConc: sorting and frequency; ParaConc: parallel texts processing; Conc: sorting and frequency counting; Free Text: processing, sorting) that we apply to a corpus to collect useful information on lexical use on texts. Concordance is also frequently used for lexicographical works as it helps a lexicographer identify sentences where a word has taken place (Pickard, 1994; Landau, 2001). It is also used in MT to mark contextual frames of single words, multi-words, phrases, and idioms in texts (King and Woolls, 1996; Ulrych, 1997; Barlow and Bowker, 2008). Some more applications of concordance are noted in the study of lexical patterns (Woolls, 2000), semantic variations, syntactic uniqueness (Wu, 1992), genre studies, and stylistic studies (Jackson, 1997). It is an excellent tool for investigating those words that have varied usages, sense variations, and multiple functionalities in a language (Table 12.3).



Table 12.3 Sense variation of the English word game in the English corpus


	An exiting
	game
	Was played between the two teams



	The winner was declared in the last
	game
	of the match.



	They won the Bridge competition in the last
	game.
	



	The next Olympic
	games
	will be held in London.



	The annual
	games
	and sports were held in December.



	The couples are not new to this
	game
	of love.



	The final
	game
	ended in six-all.



	They lost but played a good
	game.
	



	I was just playing a
	game
	with you jokingly.



	It is none of your
	games.
	



	So that was your
	game,
	which I failed to understand.



	The
	game
	of the authority annoyed the people.



	It was a wild
	game
	in last night’s party.



	The hunters went to the
	game
	reserve in a group at night.



	The hound chased the
	game
	into the wild grass.



	They knew the
	game
	was over for their leader.






The method of lexical collocation helps to understand the role and position of word pairs in texts (Clear, 1993). Our traditional linguistic descriptions and hypotheses are challenged by new evidence taken from a corpus through collocation. Recent works on lexicography show that, for many common words, the most frequent meaning is not the one that first comes to our mind and occurs in traditional dictionaries (Evert, 2009). Collocation helps to determine which word pairs have a substantial amount of collocational relation between them (Smadja and McKeown, 1990). It compares the probabilities of two words (W1 and W2) occurring together as an event with a probability of their use as a chance. For each pair of words, a score is given—the higher the score, the greater the degree of collocationality. It enables extraction of multiword units from corpus to use in lexicography and technical translation. It also helps to group similar words to identify sense variation (e.g., river bank = landscape, commercial bank = financial unit). It helps in discriminating the differences in usage between those words, which are similar in meaning. For instance, strong collocates with motherly, showings, believers, currents, supporter, and odour while powerful collocates with a tool, minority, neighbour, symbol, figure, weapon, and post (Sinclair, 1987). A collocation study on the BNC shows that manifest is mostly associated with third-person neuter reflexives (e.g., manifests itself), whereas enjoy occurs with all the reflexive forms except the neuter (e.g., amuse oneself, please oneself, lend oneself, remind oneself). It also determines the distribution of verb forms, which are not very common in use but which have a special affinity for reflexive forms. Knowledge of such patterns is important in moving English language learners from intermediate to advanced levels of proficiency (Xiao and McEnery, 2006). Such information about the delicate differences in collocation between two words has an important role in helping students learn a language in a better way (Table 12.4). Information about collocations of various linguistic items (e.g., words, morphs, idioms) is important for dictionary compilation (Herbst and Klotz, 2009; Béjoint, 2010: 318), language processing (Hermerén, 1991; Gries, 2003), MT (Gledhill, 2000; Kenny, 2000), language description (Kennedy, 1990; Hoffman and Lehmann, 2000; Mair, 2007; Hardie, 2008), and language teaching (Schmied, 2004). It is, however, difficult to determine which two words are an example of a significant collocation, until proper information and computation are applied to texts.



Table 12.4 Collocation of ‘time’ in British English texts


	Collocation
	Sense
	Example





	Spend Time
	To pass your time doing some activity
	I spend a lot of time studying English.



	Waste Time
	Doing something that is not a good use of time
	Stop wasting time playing computer games and get to work!



	Make Time For
	To “create” time in a busy schedule
	I need to make time for regular exercise – maybe I can go to the gym before work.



	Save Time
	Something that is efficient and gives you extra time
	Shopping online saves me time because I don’t have to wait in line at the store.



	Free/Spare Time
	Time in which you have no obligations, and you can do whatever you want
	In my free time, I enjoy reading, painting, and cooking.



	Have Time
	Be available to do something
	I’d like to take violin lessons, but I don’t have enough time.



	Kill Time / Pass The Time
	Do something to make the time pass faster while you’re waiting for something else
	Let’s bring some magazines to help pass the time on the train ride.



	Take Your Time
	You can use as much time as you want, you don’t have to go fast
	“I like all of these computers. I’m not sure which one I want to buy yet.” “That’s OK – take your time.”



	On Time
	On schedule, at the right time
	It’s important to arrive on time for a job interview.



	Just In Time
	At the perfect time, soon before something else happens
	Hi, Henry! Have a seat – you got here just in time for dinner.



	Have a Hard/Rough Time
	Something difficult, or a difficult period in life
	I’m having a hard time solving this math problem. Could you help me?



	It’s About Time
	An expression that means “Finally!”
	It’s about time they fixed the air conditioner in my classroom! It’s been broken for three years!



	Pressed For Time
	In a rush, in a hurry (when you need to do something and you don’t have enough time)
	Sorry, I can’t talk at the moment – I’m a bit pressed for time. Can I call you back later?



	Run Out Of Time
	Have no more time before the limit
	I ran out of time before I finished the test, so I didn’t answer the last five questions.



	Stall For Time
	Delay
	My son didn’t want to go to bed, so he tried to stall for time by asking me to read him another bedtime story.



	Take Time Off
	Not go to work
	I’m taking some time off in July to go camping with my family.






Example from English: British National Corpus

English Phrase: “glass of”

Collocates: wine, sherry, champagne, beer, water, juice, brandy, milk, whiskey, orange, lemonade, rum, iced, sipped, gin, vodka, small, port, cider, and lager. These are key collocates of this word. Notice that there is a very strong semantic preference for drinkable liquids.

The process of lemmatization is related to the identification of inflected and affixed words used in a corpus and reducing these words to their respective lexemes (Dash, 2007). It allows to extract and examine all variants of a particular Lemma without having to input all possible variants, and produce frequency and distribution information for a lemma (Hafer and Weiss, 1974; Harman, 1991). It is useful for language learning where learners are trained to know the total number of possibilities of a lemma. It is used to know which words are inflected, how many times they are inflected, and in which manner they are inflected (Figure 12.2).


[image: An exhibit depicts the process of lemmatization with the identification of inflected and affixed word.]
Figure 12.2 Primary idea of lemmatization of inflected words (Dash, 2021: 168).

The term has changed its sense in linguistics and lexicography. It has acquired a new sense to refer to “an entry word or a headword of a dictionary”. In corpus linguistics, natural language processing, and language technology, it refers to the basic form of a word disregarding its grammatical properties (e.g., tense, aspect, modality, number, gender) (Biber et al., 1998: 94). The term lemmatization is derived from lemma to denote a process that creates base forms from inflected words (Erjavec and Džeroski, 2004). In those languages where words appear in various inflected forms in a piece of text, the base forms, which are obtained from inflected forms, are considered nuclei because all inflected forms are produced by adding inflections to base forms (Jongejan and Dalianis, 2009; Kanis and Skorkovská, 2010). The base form, which we usually look up in a dictionary, is called a lexeme. We normally attach inflection of various types and forms with lexemes to generate new words that may vary in surface structure, usage, grammatical role, and meaning (Savoy, 1993). For instance, after lemmatization of works, working, worked, worker, workers, workable, workability, and workabilities, we get the following two sets: a lemma and a set of suffixes (Table 12.5).



Table 12.5 Generation of lemma and sets of suffixes by lemmatization


	Inflected words
	Works, working, worker, workers, worked, workable, workability, workabilities



	Lemma
	Suffixes





	work
	-ø

-s

-ing

-er

-ers

-ed

-able

-ability

-abilities







The morphological processing of words involves the automatic analysis of the morphological structure of words used in a corpus (Creutz, 2003). The main objective is to identify a word in a piece of text, isolate it from its contextual environment of use, analyze its morphophonemic structure, identify the morphemes used to form the word, obtain grammatical information of morphemes, and identify meaning of the word based on morphemes. Information obtained from morphological processing is valuable for word sense disambiguation (WSD), dictionary-making, parsing, and language learning. It is observed that most of the inflected words used in a language belong to nouns and verbs (Maxwell, 2002). The primary tasks of a morphological processing system include the following:


	Identification of inflected words from a text.

	Detection of a part of speech of an inflected word.

	Identification of the inflection part of a word.

	Segmentation of the inflection part from base or root.

	Extraction of morpho-grammatical information of inflection.

	Production of this information as an output when needed.

	Supply of this for parsing and WSD.



The extraction of information of the part of speech of a word and representation of information relating to inflection (e.g., singularity, plurality, gender, case, person, tense, aspect, modality, honorificity, emphasis, degree) are necessary tasks of a morphological processing system. It enables one to analyze non-inflected, inflected, compound, and reduplicated words of a language (Goldsmith, 2001). It helps in the management of a large amount of morpho-grammatical and lexicosyntactic information that is indispensable in works like word retrieval from texts, MT, spelling checking, lexical categorization, lexical database generation, language teaching, and lexicography. A morphological processing system thus contributes to understanding the form, identity, and function of a word of a language (Wicentowski, 2004). It is an indispensable system in online language education, cognition, and application.

A morphological processing system, as stated above, is primarily concerned with the study of the internal morphological structure of a word. It is a stage where surface structure, lexical type, grammatical property, formation, and functional role(s) of a word are empirically analyzed. For an inflectional language, a morphological processing system reduces lexical ambiguities by increasing compactness in lexical representation of a word. The rules of morphosyntax generate a final form of a word with constituent morphs. These rules are, therefore, known as Word Formation Rules. A morph is not usually embedded in another morph during word formation. However, due to some spelling rules, the final forms of some words are not the results of a simple linear combination of constituent morphs (Nicolas and Francois, 2005). Sometimes spelling rules control selection of rules that are to operate at morph boundaries. Therefore, a big challenge in morphological processing is the detection of morph boundaries, which are not as explicit as a boundary existing between words (Ofazer et al., 2001). Therefore, for extracting an inflected part from an inflected word, we need knowledge of grammar as it helps to find out the right inflection part. During morphological processing, an inflected finite verb, for instance, in a language like Bengali, is treated as a string where a root is tagged with an inflection. The inflection part includes markers of aspect, auxiliary, tense, person, and particle in sequential order. That means all formative elements are grammatically arranged in a fixed linear order following a sequence of their permitted use in Bengali. For instance, ghumāiteichhilen “was indeed sleeping” is an inflected finite verb in Bengali which has a root (i.e., √ghumā) followed by an aspect (i.e., -ite), an emphatic particle (i.e., -i), an auxiliary (i.e., -ch), a tense marker (i.e., -il), and a person + honorific marker (i.e., -en). The final processed output of this verb is as follows (Table 12.6).



Table 12.6 Morphological processing of a Bengali inflected finite verb


	Input Word
	: ghumāiteichhilen





	Root
	: √ghumā)



	Inflection Part
	: -āiteichhilen



	Number
	: Sing +Plural



	Aspect
	: -ite-



	Particle_Emphatic
	: -i-



	Auxiliary
	: -ch-



	Tense_Past
	: -il-



	Person_3rd
	: -en-



	Honorific
	: -en-



	Part of Speech
	: Finite Verb



	Meaning
	: “was indeed sleeping”








Corpus Annotation

Corpus annotation is an innovative process of adding interpretative information to the text of a corpus. Since a corpus contains text samples either from a written or spoken discourse, annotation is done by adopting a value-encoding process, which attaches interpretative information at different levels of a text. The interpretative information may be related to prosody, pronunciation, orthography, grammar, meaning, sentence, anaphora, discourse, rhetorics, etymology, sociolinguistics, and other issues. Interpretative information is classified into two types: (i) intralinguistic information, which is linked with the linguistic features and properties of a text and (ii) extralinguistic information, which is related to information not linked with the linguistic properties and features of a text. Analysis of corpus texts shows that apart from pure intralinguistic information, a corpus also carries several kinds of extralinguistic information. While intralinguistic information helps to understand internal issues and aspects of a text, extralinguistic information provides external information based on which we have a better insight and interpretation of a text.

Both types of information are annotated to a text—either attaching them to the elements of a text or interspersing them within a text. The primary purpose of the annotation is to add additional information to a text so that future analysis and interpretation of a text becomes easy, accurate, and useful. Compared with raw text, annotated text is complex in structure and difficult to access, but easier in analysis, better in interpretation, and more user-friendly in an application. In the past 70 years, we have come across many innovative methods of text annotation (Sperberg-McQueen and Burnard, 1994; Leech and Wilson, 1999; Smith et al., 2007; Ide and Pustejovsky, 2017), some of which are straightforward and easily applicable, while others are multidimensional and complex in operation (Zinsmeister et al., 2008; Dash, 2021). Most of the time, however, annotations are applied to a text based on the nature of a text, the goals of annotation, and future applications of an annotated text. Keeping these aspects in view, we classify text annotation processes into the following types and subtypes (Figure 12.3):


[image: An exhibit depicts the inter linguistic and the extra linguistic corpus annotation.]
Figure 12.3 Major types and subtypes of corpus annotation (Dash, 2021).


Intralinguistic Annotation

Based on the type of information to be added, a corpus can have two broad kinds of annotation: (a) intralinguistic annotation and (b) extralinguistic annotation (Dash, 2011). Intralinguistic annotation involves encoding characters, words, terms, phrases, sentences, and other items that are physically present in a text. If we are inquisitive enough, we can trace the presence of the parts of speech of words as well as the presence of phrases in sentences. We annotate these properties without going beyond the sphere of a text. The annotation of such information in a text is called intralinguistic annotation. Some common types of intralinguistic annotations include orthographic annotation, prosodic annotation, grammatical annotation, named entity annotation, multiword annotation, and syntactic annotation.


	Orthographic Annotation: We identify various types of characters, symbols, and signs used in a written text and mark their exact function in a text. Through interpretation and analysis of the function of orthographic symbols, we know how a piece of text is designed and developed, which script is used for the composition of a text, and in most cases, with reference to a script, we identify language of a text (Grice et al., 2000). In many cases, orthographic symbols are interpretative and representational. In a written English text, for instance, orthographic annotation is needed to solve problems that arise due to the ambiguous use of punctuation marks to form compounds and idioms. A typical type of ambiguity is caused due to the indiscriminate use of punctuation marks and spaces within and across words (e.g., blackboard, black board, and black-board). Some of the major challenges of orthographic annotation include the identification and encoding of punctuation marks, diacritics, graphic variants, mathematical symbols, non-textual elements, numerals, and digits (Garside et al., 1997; Grover et al., 1998).

	Prosodic Annotation: we annotate crucial prosodic features in a spoken text. Our primary goals are to indicate and mark stress and accent in speech, patterns of intonation, spontaneous speech features, suprasegmental properties, and non-verbal cues (e.g., silence, pause, hesitation, repetition, non-ends) present in a spoken text (Johansson, 1995). Moreover, differentiating between stressed and unstressed syllables as well as marking stressed syllables with pitch variations is a challenge that needs analysis and annotation of intonation patterns of speech (Milde and Gut, 2002). It is, therefore, a more difficult process than orthographic annotation. Prosody is primarily impressionistic, which requires careful listening and comprehension of a spoken text by trained ears.

	Grammatical Annotation: we assign exact parts of speech to words and terms after we understand their grammatical roles in a text. That is why it is also known as POS annotation. To assign a POS value to a word, we have to first analyze the role of a word in a sentence and identify in which part of speech it is actually used (Garside et al., 1997). Once it is understood and confirmed, the word is annotated with that value and the resultant output is called a grammatically annotated text. The number of POS tags differs based on the number of parts of speech available in a language and the number of POS tag values included in a tagset used for grammatical annotation. Due to lexical and syntactic ambiguity, a word can have two or more different POS tags based on the reading of a sentence (e.g., Time\NN\ flies FV\ like\ADV\ an\DET\ arrow\NN\ and Time\NN\ flies\NN\ like\FV\ an\DET\ arrow\NN\).

	Named Item Annotation: our primary goal is to identify all proper names used in a text and mark them in different types of named entities based on their form and function in a text (Demir and Ozgur, 2014). The tagset used for this annotation is a subtype under some common types of named entities, such as person names, location names, place names, organization names, event names, time expressions, quantity expressions, monetary terms, and others. The named entities are either single-word names (e.g., Kolkata), double-word names (e.g., New Market), or multiword names (e.g., Oliver Henry Goldsmith Public School). There are several sequential activities involved in this type of annotation: identification of named entities in a text, assignment of specific IDs to them, identification of the type to which these IDs belong, and linking IDs to single-word named IDs or multiword named IDs (Roman et al., 2016). In essence, named entities are recognized and annotated based on their IDs, class, and function in a text.

	Multiword Annotation: a multiword unit crosses a single-word boundary (or space). An expression that is composed of two or more words and is not predictable by any of the words that are used to construct it is considered a multiword unit. In multiword annotation, we identify and mark multiword units with a set of tags so that, at a later stage, a machine identifies them to analyze their forms and functions to understand their role in a text (Damerau, 1993). Typically, multiword units are annotated with the following sets of information: (a) Multiword ID, (b) POS value, and (c) Lemma (Calzolari et al., 2002). Once these are identified and annotated, roles of component words (head and satellite) are analyzed and information is generated for machine learning (Sag et al., 2002). Based on this information, a system recognizes multiword units from texts, assigns their POS values, and differentiates them from chunks and phrases (Baldwin et al., 2003).

	Syntactic Annotation: It is also known as parsing. We identify and annotate all the phrases and phrasal expressions that are used in the meaningful construction of a sentence (DeRose, 1991; Garside et al., 1997). There are different types of phrases (e.g., noun phrases, adjective phrases, verb phrases, preposition phrases, determiner phrases) that are indispensable parts for generating a grammatically valid sentence. Characteristically, each phrase type is different from others with regard to construction, constitution, and function. Since phrases are minimal constituents, which make a sentence meaningful, during syntactic annotation, each sentence is parsed (either at a shallow or a deep level) to define and mark out a hierarchy of dependency of phrases in a sentence. In syntactic annotation, we identify different types of phrases, annotate their dependencies, mark constituents and predicates, and finally define their arguments within sentences (Smith and McEnery, 2000).





Extralinguistic Annotation

In extralinguistic annotation, we annotate a text with that kind of information, which is not physically available inside a text. For instance, when we annotate a text at the anaphora level, there is no apparent information available in a text based on which we can identify how words are linked with others in relation to co-reference. We go beyond the textual level to understand how words are co-indexed or bound with co-referential relations. Some common types of extralinguistic annotation include semantic annotation, anaphoric annotation, discourse annotation, etymological annotation, rhetoric annotation, and ethnographic annotation. Primary ideas about some extralinguistic annotations are presented below.


	Semantic Annotation: it is also known as word sense annotation. Here we assign semantic values to both open and closed classes of words. The primary goal of semantic annotation is to identify the sense a word denotes when it is used in a text. This sense, which is normally known as contextual sense, may differ from the lexicographic sense of words available in a dictionary. The contextual sense is utilized in language applications such as WSD (Löfberg et al., 2005), mapping sense span of words, assigning semantic fields to words (Piao et al., 2006), and representing semantic ontology in wordnet (Miller et al., 1990; Dash et al., 2017). In semantic annotation, we usually emphasize on the identification of semantic information of words and representation of semantic relationships underlying words, collocations, and co-occurrences.

	Anaphoric Annotation: we identify and co-index pronouns and nouns that are used in a text in a co-reference scheme following a broad framework of cohesion (Halliday and Hasan, 1976). Also, we identify different types of anaphora used in a text, list them, and sort these forms to dissolve anaphoric ambiguities in texts (Webber et al., 2003). Applied to a text, anaphora annotation indicates possible anaphoric and other equivalent internal relations underlying the neighbouring words of a text (Popescu-Belis, 1998). This annotation has strong application in studying and testing mechanisms like pronoun resolution, which are important for automatic text understanding and MT across languages (Mitkov et al., 2000).

	Discourse Annotation: we annotate a text at a level, which is beyond the level of sentence and meaning. We do this to understand discourse and pragmatic strategies deployed in a text. It is noted that the identification of specific discourse markers and pragmatic functions of units in a text gives scope to understand the purposes and goals of a text generation (Stenström, 1984). Also, it creates a background for the identification of many other forms of linguistic phenomena in a text (Edwards and Lampert, 1993). For instance, marking spatial and temporal expressions in a text gives scope for identifying discourse relations among all spatial-temporal expressions. Also, it allows us to identify and annotate discourse connectives and discourse particles, which help in the identification of contexts for the pragmatic interpretation of texts.

	Etymological Annotation: it is also known as lexical source annotation. We apply this process to a text to annotate the source of origin of words and meanders words of a language have touched upon (Dash and Hussain, 2013). In a natural language, it is necessary to know how vocabulary is developed, how words evolved and came into use, and how words of one language combine with words of other languages. These questions are addressed if a text is etymologically annotated. For dictionary compilation and language planning, it is necessary to know how a language borrows words from other languages over centuries. For lexicological studies, it is necessary to know how a language increases its vocabulary, how it assimilates concepts by incorporating new ideas through lexical borrowing, and how it adapts words and terms through naturalization (Dash et al., 2009). An etymologically annotated text addresses all the questions and challenges related to the etymology of words.

	Rhetoric Annotation: it is also known as a figure-of-speech annotation. We identify and mark various rhetorical devices used in a text. We annotate these devices based on standard methods of classification and categorization of rhetorics. The use of rhetorics is a common practice in text generation. Each piece of text (either spoken or written) contains a few rhetorics—either explicitly visible or implicitly embedded. Analysis of rhetorics sheds new insights into the theme and structure of a text. For instance, a piece of text made with rhetorical devices is different from a text without rhetorics. A rhetorically developed text differs in the choice of words, order of words, sentence structure, grammatical form, sense implication, and reference. Such properties put up challenges in scientific argumentation in a text (Fahnestock, 1999) and throw up hurdles in the proper understanding and representation of arguments (Green, 2010). These texts put up a real challenge in argument mining, machine learning, text analysis, language computation, and AI (Harris and DiMarco, 2017; Harris et al., 2018).

	Ethnographic Annotation: it is an expected deviation from discourse annotation. It involves marking sociolinguistic cues, ethnographic elements, ecolinguistic properties, and cultural information that are normally concealed in a text (Archer and Culpeper, 2003). Such elements are hardly visible without a thorough analysis of a text at the ethnographic level. Through ethnographic annotation, we mark the presence of various kinds of ethnographic properties in a text and apply these properties in the interpretation of a text from an ethnographic and sociocultural perspective. For instance, following the scheme proposed by Hymes (1962, 1964), we annotate some ethnographic properties (SPEAKING: Setting and Scene, Participants, Ends, Act sequence, Key, Instrumentalities, Norms, and Genre) in a spoken text to understand its form, purpose, and composition. Also, through ethnographic annotation, we annotate a text with demographic and register variables that often remain hidden in a text.



Besides these major types of text annotation, we think of annotation of other types. In most cases, they posit new challenges. We have to think of new strategies to solve these challenges. For instance, we have not yet investigated how a poetic text should be annotated; what kinds of textual, linguistic, stylistic, prosodic, and figurative annotation techniques we should design and apply to poetic texts. Problems and challenges are also there in the annotation of medical texts, texts of court proceedings, conversational texts, multimodal texts (where audio-visual elements are included), mythological texts, and others. Further challenges are involved in the annotation of heritage and classical texts, which require separate tagsets and methods for the annotation of mythological characters, events, anecdotes, ecology, and sociocultural properties.




Corpus Utilization

Some questions are often raised with regard to the use of a language corpus in the study of languages and designing tools of language technology: What is the use of a corpus? Who will be using it? Where will it be used? How will it be used? What purpose will it serve in general linguistics? How can it benefit applied linguistics? How does it contribute to language technology? Most of these questions are addressed in some earlier studies (Zinsmeister et al., 2008; McEnery and Hardie, 2011; Vandelanotte et al., 2014; Dash and Ramamoorthy, 2019).

In a general view, there are two major applications of a corpus: (a) as a diluted source of data to work as a yard-stick for linguistic and extralinguistic verification and authentication and (b) as a test-bed for training and testing of devices, tools, techniques, and systems of applied linguistics and language technology. Keeping these issues in mind, we visualize the value of a corpus in the following ways:


	It is an indispensable resource for developing systems, tools, and software for language technology,

	It is a useful resource in general language description, language analysis, and language teaching and training,

	It is a reliable treasure-house for lexical databases, dictionaries, thesauruses, reference books, and course books,

	It is a ready-made handy resource for multi-purpose non-linguistic uses and references,

	It is a repository of linguistic features and properties, which are used to study the use of language across styles, genres, topics, etc.,

	It is a customizable text for studying particular areas of interest relating to life, language, and society.



There are many benefits of a corpus in all areas and subareas of linguistics and language technology. Both from a theoretical and application point of view, corpus linguistics is a powerful method, which is empirical, scientific, realistic, authentic, open-ended, verifiable, and reliable. We must agree that quantitative data retrieved from a corpus is necessary not only in language technology but also in many areas of linguistics (e.g., speech analysis, lexicography, discourse analysis, language teaching, stylometrics, translation, and language planning). Within mainstream descriptive linguistics, a corpus is a useful resource based on which faithful language description can be made. Many successful works on language description are based on data obtained from corpora. In language teaching, information about the use of phonemes, morphemes, words, and sentences in corpora is used by teachers while they teach a language scientifically. Information about the frequency of use of language properties is not available from introspection; it is to be collected from language corpora only. In language acquisition, observation of actual evidence is a source of verification and validation, since no intuitive judgment can justify a phenomenon observed in language use by infants. Even generative linguists acknowledge the value of a speech corpus as a source of evidence in language acquisition studies. Due to many such advantages, criticisms against corpus linguistics, although partly succeeded at the initial stage, have failed to stop corpus linguistics. In the present context of linguistics and language technology, we have clear ideas about the application of corpus in various domains (Figure 12.4).


[image: An exhibit depicts the text, speech and multimodal language corpus.]
Figure 12.4 Application of language corpus across various domains (Dash, 2021).

A corpus—when it grows in content and size with the inclusion of new texts marked with variations in time, place, genre, topic, region, sex, age, profession, ethnicity, and domain—becomes more valuable in application. It is used to identify new data and information, supplement or refute earlier theories and observations, validate or nullify intuitive hypotheses, revise existing concepts, and formulate new theories. There is no scarcity of corpus users. Starting with linguists, people from all domains that use language (e.g., language technologists, translators, lexicographers, terminologists, sociolinguists, grammarians, language teachers, psycholinguists, cognitive linguists, language researchers, historians, literary critics, advertisers, news reporters, teachers, students, social scientists, writers, publishers, and language lovers) use corpus in some way or other to address their needs. For a general corpus, there is no fixed target user; anybody can use it for any purpose, but for a special corpus, the issue of target user becomes important. Since each study has a specific requirement, a corpus has to be specific. For instance, to develop a MT system, we require a bilingual parallel translation corpus than a monolingual general corpus (Kohn, 1996). Similarly, to study the regional varieties of a language, we need dialect corpora, not a standard language corpus alone. The following table gives a preliminary idea about the people and the type of corpus they require (Table 12.7).



Table 12.7 People and the type of corpus they require


	No
	Corpus user
	Corpus type





	1
	Descriptive linguists
	General, written, and speech corpus



	2
	NLP and LT people
	General, monitor, parallel, spoken, aligned, and annotated corpus



	3
	Speech technology people
	Speech, spoken, annotated corpus



	4
	Lexicographers and terminologists
	General, monitor, specialized, reference, and dialect corpus



	5
	Dialogue researchers
	Speech, spoken, annotated, specialized corpus



	6
	Sociolinguists
	General, written, speech, monitor, and dialect corpus



	7
	Psycholinguists
	Specialized, speech, and written corpus



	8
	Historians
	General, literary, synchronic, and diachronic corpus



	9
	Social scientists
	General, speech, written, special, and dialect corpus



	10
	Comparative linguists
	Bilingual, multilingual, parallel, and comparable corpus



	11
	Machine translation specialists
	Bilingual, multilingual, parallel, comparable, annotated, and translation corpus



	12
	Tagging, processing, and parsing specialists
	Annotated, monitor, written, spoken, general corpus



	13
	Core-grammar designer
	Comparable, bilingual, and general corpus



	14
	Word sense disambiguation worker
	General, comparable, monitor, and diachronic corpus



	15
	Teachers and students
	Learner, monitor, and general corpus
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Although it is often thought of as a new approach to the humanities, it is clear that digital humanities has been stalking the corridors of arts faculties for more than 70 years. Defined broadly as “an array of convergent practices” that allow for “collaborative, transdisciplinary, and computationally engaged research, teaching, and publication” (Burdick et al., 2012, p.122), digital humanities boasts a history that stretches as far back as the mid-20th century. Indeed, as Chris Sula and Heather Hill write, the orthodox narrative of the early history of digital humanities has it that the field emerged with Roberto Busa’s work in 1946 (Sula & Hill, 2019, p.190). The date of course marks the inception of Busa’s Index Thomisticus – a lemmatised concordance project in association with IBM on the works of Saint Thomas Aquinas that indexed nearly 11 million words.

Yet, if one enjoys the thrill of the hunt, the genealogy of Busa’s quantitative approach to literature can be traced back to a moment of genesis in the mid-19th century. A letter written by the eccentric mathematician Augustus de Morgan to his old Cambridge friend Rev. W. Heald in 1851 proposed that one should be able to identify an author based solely on the average word-length of a piece of writing. De Morgan outlines the methodology like this:

Count a large number of words in Herodotus – say all the first book – and count all the letters; divide the second number by the first, giving the average number of letters to a word in that book. Do the same with the second book. I should expect a very close approximation. If Book I. gave 5.642 letters per word, it should not surprise me if Book II. gave 5.619 […]. But I should not wonder if the same result applied to two books of Thucydides gave, say 5.713 and 5.728 […]. I should expect to find that one man writing on two different subjects agrees more nearly with himself than two different men writing on the same subject.

(as cited in Lord, 1958, p.282)



As Lord notes, it is not clear whether de Morgan ever followed up on this thought experiment, but what is clear is that his idea of using formal aspects of texts as a key in the matter of author attribution certainly prompted further interest. Indeed, nearly 40 years later, the autodidact physicist and meteorologist T. C. Mendenhall directly referenced de Morgan as the provocation for his own research into stylometry. Proposing that “a graphic representation of an arrangement of words according to their length and relative frequency to their occurrence” (Mendenhall, 1887, p.238) might produce the literary equivalent of a spectroscopic display, Mendenhall’s precursory studies of Charles Dickens’ Oliver Twist (1838) and William Makepeace Thackeray’s Vanity Fair (1847) did enough to convince him that such a methodology might just “solve questions of disputed authorship, such as exist in reference to the letters of Junius, the plays of Shakspeare [sic], and other less widely known examples” (Mendenhall, 1887, p.245).

Mendenhall’s foresight was impressive. While speculation on the identity of Junius – the pseudonym of a writer who published a swathe of letters critical of the government of King George III over a three-year period (1769–1772) – was something of a cottage industry during the nineteenth and early 20th centuries, it is fair to say that Alvar Ellegård’s 1962 book on the subject did much to steer scholarly consensus towards one particular name. Believed to have been the first computer-aided study in the field of author attribution, Ellegård produced an analysis of the linguistic features of the letters which suggested that by far, the most likely author of them was the Irish-born British politician Sir Philip Francis. And yet, despite the success of Ellegård’s book, Susan Hockey is right when she states that the most influential computer-aided author attribution study was published two years later by two statisticians (Hockey, 2004, p.5). Working with complex but unfashionable Bayesian statistical theorems and the computing power of an IBM 7090 housed at the Massachusetts Institute of Technology, Frederick Mosteller and David Wallace’s determination that James Madison was the most likely author of the 12 disputed essays of the Federalist Papers took the public imagination so thoroughly that a report on their initial findings was published in Time magazine (“Education,” 1962). Indeed, so convincing were the results of their study that the Federalist Papers have now become a test for new methods of authorship discrimination (Hockey, 2004, p.5).

That said, a decade or so later than the publication of Mendenhall’s seminal essay on the spectrographic quality of literature, the controversial physician Havelock Ellis was drawing on the minor studies of T. A. Archer (1881) and M. G. Pouchet (1888) in order to ask whether the use of colours in a text could reveal the “personal psychology” (Ellis, 1931, p.29) of an author. By manually counting the number of colour words in a text, Ellis conjectured that writers have a predilection for a certain colour, and that such colours revealed, “simply and reliably, something about his view of the world which pages of description could only tell us with uncertainty” (Ellis, 1931, p.29). For example, if one could discern a predominance of green or blue – that is, “the colours of vegetation, the sky, and the sea,” as Ellis would have it – then (Figure 13.1),


[image: An exhibit depicts Ellis’ table of calculations for mountain chant, wooing of Emer and others.]
Figure 13.1 Ellis’ own table of calculations.

the poet is predominantly a poet of nature. If red and its synonyms are supreme, we may assume an absorbing interest in man and woman, for there are the colours of blood and love, the two main pivots of human affairs, at all events in poetry. And where there is predominance of black, white, and, I think I would add, yellow – the colours that are rare in the world, and the colour of golden impossibilities – there we shall find that the poet is singing with, as it were, closed eyes intent on his own inner vision.

(Ellis, 1931, pp.24–25)



On its own, the idea that the conceptual landscape of a writer could be extracted from the frequency of colour words in a text is a startling one – and, like the literary work of de Morgan, Mendenhall, and Mosteller and Wallace is perhaps something that could only come from a mind schooled in the methodologies of mathematics and the hard sciences. But in addition to this, Ellis also understood that his quantitative approach to literature was “a definite step in the attainment of a scientific aesthetic” (Ellis, 1931, p.29) that held the potential to pave the way for future comparative work that could, in principle, trace features of literature “from age to age, from country to country, and in finer shades among the writers of a single group” (Ellis, 1931, p.29). For this reason, if one is looking for the progenitor of today’s work in a computational literary studies that often attempts to examine the “longer arcs of change [that] have been hidden from us by their sheer scale” (Underwood, 2019, p.ix), then Ellis’ essay might just be it.

Nonetheless, the quantitative analysis of literary works was ultimately hamstrung for nearly 80 years because of the limitations of not only computing power but access to suitable computing equipment. It is sobering for today’s critic to learn that Mosteller and Wallace needed financial support from the Ford Foundation, the Rockefeller Foundation, the National Science Foundation, as well as the Office of Naval Research, and Harvard’s Laboratory of Social Relations in order to pay for their time on the IBM 7090 (“Education,” 1962). Indeed, the IBM archives outline exactly the cost of such an endeavour. “The IBM 7090, which is manufactured at IBM’s Poughkeepsie, N. Y. plant,” the text of an internal technical fact sheet distributed in 1960 reads, “sells for $2,898,000 and rents for $63,500 a month in a typical configuration” (“7090 Data,” n.d.) – U.S. dollar figures in today’s money of c.$29,000,000 and c.$640,000 respectively. Given such numbers, it is remarkable that Mosteller and Wallace ever managed to conduct their analysis of the Federalist Papers.

Other researchers in the nascent field of humanities computing had to work within much tighter budgets of course, but managed to do so at a rate that prompted the need for a central publishing venue. In 1966, under the editorship of Joseph Raben, Queens College of the City University of New York published the first journal in the field, Computers and the Humanities. The rather modest aim of the publication was to serve as an aggregator for news in the discipline – to compile a bibliography of new works and a directory of active scholars in the field, to announce both conferences and computer courses offered to those working in the humanities, to highlight awareness of new computer applications, and, “when available,” publish “articles of interest to humanists who use computers” (“Prospect,” 1966, p.1). However, if the number of “articles of interest” grew over the following years, it was not through the reporting of breakthroughs in the field but because researchers were applying known methods to different contexts. That is to say, the 1970s and 1980s saw little progress in the discipline since most of the published work still concerned itself with the building of dictionaries and concordance programmes. In a reflection on the state of the field in 1980, Roberto Busa wrote, “we must not hide the fact that the compiling of tables, indices, and concordances of individual words, including their correlations, though so necessary for philology and lexicography, is conceptually a somewhat feeble result” (Busa, 1980, p.88). For this reason, Susan Hockey writes that these two decades of work in humanities computing are perhaps best thought of in terms of “consolidation” (Hockey, 2004, p.7). Nevertheless, while progress in the field plateaued, both decades saw a steady growth in the interest (and use) of humanities computing perhaps because of a blossoming of conferences dedicated to the field in the United Kingdom in the 1970s and the steady emergence of research centres and taught courses hosted at internationally significant institutions like the University of Oxford, the University of Pennsylvania, and the University of Bergen (Hockey, 2004).

At the same time, the voices speaking against the employ of computational methodologies were growing louder. The assurances with which Raben prefaced the first issue of Computers and the Humanities seemed to have done nothing to allay the concerns of the more traditionally inclined humanities scholar. Raben advised,

We recognize the strong fear often expressed that machinery will destroy the intangibles of humane scholarship – the intuitive, subtle responses of the trained mind. Distinguished voices have already warned that a fascination with method may seduce us away from meaningful goals. Such warnings are well taken […]. We need never be hypnotized by the computer’s capacity to count into thinking that once we have counted things we understand them.

(“Prospect,” 1966, p.2)



One of the more distinguished voices to enter the fray belonged to the formidable figure of Stanley Fish. Taking umbrage with the assumptions and typical conclusions wrought by essays in the bourgeoning field of stylistics, Fish penned two combative papers that were so incisive as critiques of the field that it would lead Hugh Craig to later assert that both essays “should be compulsory reading for any beginning stylistician” (Craig, 2004, p.278). Emerging as a defined research area from the formalist approaches to literary criticism that arose in the early 20th century, stylistics argued that the meaning of a text could be determined from an examination of its formal composition. Abandoning what was considered to have previously been an intuitive, impressionistic, and therefore always subjective art of criticism, stylisticians claimed that the precise study of the linguistic features of a text could be codified in such a way that they could allow for what was essentially an objective interpretation. In short, stylistics chased an objective account of the relationship between textual form and literary meaning that ultimately tried to put such “criticism on a scientific basis” (Fish, 1973, p.109). For Fish, not only was the guiding assumption of stylistics – that meaning resides within in a text awaiting discovery – simply wrong, but stylisticians also routinely failed to recognise the fact that they often creatively filled the gap between the collected data and the interpretations that they made. Here was a community of scholars who had seemingly fallen to the very hypnotic charm of the computer that Raben had warned against.

In exposing those who allowed methodological sophistication to veil largely circular or arbitrary reasoning, Fish nonetheless put his finger on the way in which the field could move forward. After critiquing two representative papers of stylistics – one written by Louis Milic (1966) and the other by Richard Ohmann (1964) – Fish continues,

Like Milic, Ohmann admits that at this point his interpretive conclusions are speculative and tentative; but again, like Milic, he believes that it is only a matter of time before he can proceed more securely on the basis of a firm correlation between syntax and “conceptual orientation,” and the possibility of specifying such correlations, he declares, “is one of the main justifications for studying style.” If this is so, then the enterprise is in trouble, not because it will fail, but because it will, in every case succeed. Ohmann will always be able to assert (although not to prove) a plausible connection between the “conceptual orientation” he discerns in an author and the formal patterns his descriptive apparatus yields. But since there is no warrant for that connection in the grammar he appropriates, there is no constraint on the manner in which he makes it, and therefore his interpretation will be as arbitrary and unverifiable as those of the most impressionistic of critics.

(Fish, 1973, pp.117–118)



The point Fish makes here runs the risk of escaping those who are unfamiliar with the methodology of inferential statistics, and specifically the conjecture of the null hypothesis. Without testing first for the absence of a statistical relationship between data points, the interpretation of such data can only be regarded as spurious. Put another way, it is the null hypothesis that ultimately guarantees the significance of the relationships disclosed in a data set. For this reason, it is the absence of a description of the failure to establish a connection between the conceptual orientation of an author and the formal patterns of a text that unsettles Ohmann’s claims and speculations. Without the null hypothesis in place, Ohmann is destined to find “interesting” correlations, as Fish says, “in every case.” If nothing else, Fish’s critique served as early evidence to the veracity of Rosanne Potter’s later assertion that computational studies in the humanities was (and perhaps continue to be) profoundly affected by two groups – literary critics who “lack the training in, or appreciation of, scientific methods,” and computer analysts who “get lost in the jargons of programming and statistics” (Potter, 1988, p.91). If the field of stylistics was to move forward, Fish had shown that the literary scholar had to also become at the very least a student of statistical methods.

One person who certainly had the credentials to move computational literary analysis forwards in this way was John B. Smith. Holding joint appointments in the Department of English and the Computation Center at the Pennsylvania State University in the 1970s and then moving to the University of North Carolina in the 1980s in order to take up a professorship in Computer Science, few other critics could imagine the full promise of the intersection of computers and literary analysis in the manner of Smith. For Smith, computers held the potential to provide the very advancement in the techniques of description and interpretation of literary texts the absence of which Paul de Man had lamented in a symposium paper given at Cornell University in 1973.


It can legitimately be said […] that, from a technical point of view, very little has happened in American criticism since the innovative work of New Criticism. There certainly have been numerous excellent books of criticism since, but in none of them have the techniques of description and interpretation evolved beyond the techniques of close reading established in the thirties and the forties.

(De Man, 1973, p.27)



In his 1978 paper titled “Computer Criticism,” Smith showed clearly that in addition to using the computer to produce conventional aids for future research – that is, to compile dictionaries and produce the kinds of concordance projects for which Busa had become famous – it also had the potential to be used in the analysis of literature itself, and because of this “influence the questions one asks of a text and the way one sees the text and its meanings” (Smith, 1978, p.327). Outlining methods of quantitative literary analysis that were to become staples of those working in the field today (such as principal component analysis, network analysis, similarity and distance scores, and so on), Smith concludes his rigorous essay with two important points. First, the observation that computational literary studies necessarily changes the nature of evidence for a literary hypothesis. Whereas such evidence had traditionally relied only on authority – that is, critical statements of other critics as well as one’s own citation of specific textual examples – computational analysis offered results that could be directly traced back to actual textual features. To this end, computational methods offered a repeatable analysis that could be used to confirm the intensity or pervasiveness of a textual feature or pattern within a text and also, therefore, the “adequacy of a particular assertion with regard to any specific combination of features” (Smith, 1978, p.351). Second, Smith speculated that as critics became comfortable with computational methods, literary analysis would move away from the counting of variables to the framing of models – the significance of which is found in the fact that models have the capacity “to discover combinations and configurations that could not be foreseen” (Smith, 1978, p.351). A mathematical representation of a dynamic system, the models Smith had in mind were precisely those that can be examined and interrogated in order either to tell us that which we do not know, or to give us that which we do not yet have (McCarty, 2004, p.255). In this way, as Willard McCarty later wrote, “models realize” (2004, p.255). And it was precisely this power commanded by the model that Smith understood had the potential to change the kinds of questions the critic was able to ask of literature.

Despite such visionary moments, however, the suspicion that the tasks in front of computational literary studies were just too great to overcome pervaded much of 1980s scholarship. Roberto Busa summed up the air of hesitancy that clouded much of the research when he wrote in Computers and the Humanities:

The major obstacle lies in the “semanticity” of “words,” which is deeply different from that of numbers and symbols […]. Furthermore, we do not speak in words but in sentences. A sentence has a global meaning which is not the pure sum of the values of its single components. The heart of this problem is whether or not we are able to formalize the global meaning of sentences with something less than the whole sentence itself […]. I am not sure whether artificial intelligence will eventually solve this problem.

(Busa, 1980, p.88)



Nonetheless, efforts in the extratextual aspects of the field continued. The latter half of the 1980s saw an impressive effort by a number of international researchers to standardise the way in which digital texts were encoded so that they could be archived and shared in a sustainable manner that encouraged the continued use of computers in humanistic scholarship. Supported by three of the most important scholarly associations in the field and by major funders in North America and Europe (“Charter,” n.d.), the Text Encoding Initiative attempted to define all the features of a text that might be of interest to a researcher, and in so doing produced a guide on the mark-up notation for digital texts – the first full version of the guidelines released in 1994 and containing something in the order of 400 encoding tags. And yet, at the same time, Rosanne Potter was still able to begin her assessment of literary criticism and literary computing by complaining that “most traditional literary critics remain blissfully ignorant of literary computing […]. Thus, not being ‘taken seriously’ is the least of our problems; for the most part, our labours might as well be going on underground” (Potter, 1988, p.91). Despite decades of endeavour, computational literary studies continued to struggle to announce itself to those who sat outside of the humanities computing community.

It was perhaps the rise of the personal computer in the 1990s that ultimately changed the mien of computational literary studies. The rather remarkable year-on-year increases to the power of home computers coupled with increasing affordability meant that computer-driven research could be conducted in almost the same way as traditional literary scholarship. While this undoubtedly resulted in the duplication of work, Hockey notes “it also fostered innovation [because] users were not conditioned by what was already available” (Hockey, 2004, p.10). Some of that innovation was felt in the new pedagogies that emerged for the teaching of literature. The digitisation of cultural material that had been taking place over the previous decades meant that a work of literature could for the first time be simultaneously studied alongside its material contexts and intertexts. Such was the premise of Patrick Connor’s Beowulf Workstation (1991) and George P. Landow’s The Dickens Web (1990), both of which adopted the radically new way of arranging primary and secondary textual and non-textual media in a non-hierarchical network that researchers were then invited to navigate by following embedded hyperlinks.

The coincident emergence of the public internet only worked to increase such innovation. The internet allowed for the maturation of the scholarly communities that had begun to be assembled in the late 1980s on networks such as BITNET. Patrick Conner’s ANSAXNET (1992) and Willard McCarty’s Humanist (1992) were among the first to exploit the power of ListServ groups to promote, propose, disseminate, and discuss the latest news and ideas circling in a particular research field. The internet also allowed for the wide distribution of the digital tools that were beginning to be developed for research. Of particular note here was the first appearance of James Pennebaker’s 1993 text analysis software, Linguistic Inquiry and Word Count (LIWC). Building on decades of research that demonstrated a close relationship between psychological state and language use (Pennebaker, 1997; Boyd & Schwartz, 2021), Pennebaker and his colleagues developed a number of psychometrically validated dictionaries that could be employed in order to draw significant inferences about the psychological composition of a text from simple word frequency calculations (Pennebaker et al., 2015). Undergoing significant reiterations in 2001, 2007, 2015, and most recently in 2022, LIWC has become an ever more powerful tool in the emerging field of sentiment analysis.

Although Saif Mohammad and Peter Turney’s later NRC Word-Emotion Association Lexicon walked the same ground as the LIWC project – developing a dictionary of English words and their associations to eight basic emotions (anger, fear, anticipation, trust, surprise, sadness, joy, and disgust) and two sentiments (negative and positive) in 2011 – it is how this online dictionary was compiled that makes it noteworthy. Explaining that the human annotation of texts by experts contributed unduly to the high cost and sheer manual effort in producing digital resources, Mohammad and Turney turned to the internet in order to find a radically new way of completing the annotation task necessary for their dictionary. They did so by opening up the NRC project to crowdsourcing – that is, allowing the manual task of associating words to particular emotions and sentiments to be undertaken by the general public. Leveraging Amazon’s Mechanical Turk crowdsourcing platform, the annotations and post-processing checks for over 10,000 words were completed to an extremely high standard within a matter of weeks after the initial release to the public (Mohammad & Turney, 2013). In this way, the internet proved not only invaluable for the distribution of research but also for the creation of research resources.

Indeed, the internet became rightly lauded for the various ways in which it could serve as a venue for publication, an opportunity to promote scholarly work, and as a means by which to build communities of interest, whether academic or not. Importantly, the internet opened up avenues of engagement between the academy and the public that resulted in what might be thought of as a grand democratisation of research. Perhaps nothing captured the spirit of this democratisation more than the emergence of the first open-access digital literary archives. The first of its kind was the William Blake Archive in 1996, which looked to position itself as an international public resource that provided unparalleled access to digital representations of the visual and literary work of Blake – work, that in its physical form, remained generally inaccessible to the public because it was, and continues to be, “widely dispersed, and more and more often severely restricted as a result of [its] value, rarity, and extreme fragility” (“Archive,” 2022). Without the internet, collections the size of the William Blake Archive would be all but unthinkable.

Even with the open circulation of such extraordinary projects as the William Blake Archive, it is perhaps fair to say that most literary critics became cognisant of computational literary studies as a consequence of Franco Moretti’s rather provocative ideas about world literature, which he published as the 20th century gave way to the 21st. Somewhat serendipitously, at the same time that Moretti was writing about world literature, leading U.S. universities were actively considering ways to globalise literature programmes in the wake of the revisionary advances that a heady melange of interdisciplinary research fields led by postcolonial studies, diaspora studies, and transnational studies had made to liberal thought. So when Moretti argued that to do justice to the idea of a world literature (rather than a national or regional literature) one ought to include as many texts as possible in one’s thinking, those who thought of world literature as a potential way forward paid close attention. It was not so much the idea of the expanded reading list that captured the imagination, after all Moretti’s assertion merely echoed the sentiment of John Burrow’s earlier complaint that “It is a truth not generally acknowledged that, in most discussions of works of English fiction, we proceed as if a third, two-fifths, a half of our material were not really there” (Burrows, 1987, p.1), but rather the conclusions that Moretti reached when considering the consequences of what such an expansion meant for the act of literary criticism. When Moretti spoke of traditional literary criticism as the articulation of a “theological exercise – the very solemn treatment of very few texts taken very seriously” (Moretti, 2000a, 57) ⎯ he did so not just to highlight the fact that 99.5% or more of published works eventually disappear from the public imagination, and in so doing, succumb to what he characterised in another provocative essay as “The Slaughterhouse of Literature” (Moretti, 2000b), but to suggest that “the very close reading of very few texts” that had “radiated from the cheerful town of New Haven” needed to be reimagined – perhaps replaced. What Moretti had in mind was a “distant reading,” which is to say a style of reading born from “sampling, statistics, work with series, titles, concordances, [and] incipits” (Moretti, 2000b, 208). Only through a turn to such a quantitative literary analysis, Moretti reasoned, could the critic hope to write on a corpus of texts that had the potential to swell from one- or two-hundred novels to many thousands.

Thus, distant reading swapped the close analysis of texts for an analysis of trends and trajectories across texts – and in so doing, stumbled across some truly fascinating observations that did more than suggest that our inherited ideas about genre, canonicity, literary influence, literary history, and so on were ripe for re-thinking. One such example came from the pen of Matthew Jockers, who, along with Franco Moretti, founded the Stanford Literary Lab in 2010. Comparing texts in a corpus of just over 3,000 American and British 19th-century novels, Jockers found that the minor fluctuations in the use of the word the by American and British novelists over the century ran almost perfectly parallel to each other (Jockers, 2013, pp.105–106). While the calculations for making such an observation were absurdly simple – for each national literature, determine the “relative frequency” of the usage of the word in each decade by counting the appearance of the word the in each decade and then divide by the total number of words in each decade – the result was nothing but puzzling in the extreme (Figure 13.2).
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Figure 13.2 Jockers’ graph of the correlation.

How was such a correlation possible? Of course, the Atlantic Ocean posed a formidable barrier to the (seemingly instant) exchange of language habits that this graph seemed to show. Jockers himself could provide no answer. He wrote, “My conclusion regarding this phenomenon is quite literally ‘to be determined.’ Unless one is willing to entertain Rupert Sheldrake’s notion of ‘morphic resonance,’ then the behaviour of the is downright mysterious” (Jockers, 2013, p.108). For those of a materialist disposition – those, say, who have turned to computational methodologies as a means by which to explore the world republic of letters – Jockers’ invocation of Sheldrake’s notion of morphic resonance is nothing more than a further provocation. But the simple fact of the matter was that Jockers had found an aspect of the most commonly used word in the English language that was entirely unexplainable, and he had only done so because he had employed computational methods. Without the ability to interrogate such a large corpus of texts, the small part played by the word the in the story of the relationship between British and American 19th century novels would have forever remained an aspect of the unsaid in the narrative of literary history.

At the same time that Jockers was making such perplexing discoveries, his colleagues at the Stanford Literary Lab were producing pamphlets that even in their modest form pushed the need for a revision of established ideas of literary history. In May 2012, for example, Ryan Heuser and Long Le-Khac showed that contrary to conventional thought, the language of the 19th-century British novel progressively moved away from words associated with moral judgement and towards “hard seed” words – which is to say, a cohort of words that “can be collectively characterized as concrete description words of a direct, everyday kind” (Heuser & Le-Khac, 2012, p.27). But in addition to taking to task an almost unquestioned sense of the moral character of the Victorian novel, Heuser and Le-Khac’s work was also proving itself noteworthy because of how it arrived at such conclusions. Rather than (intuitively) imposing a dictionary of words upon a term like “morality” and then testing for it, both Heuser and Le-Khac recognised that if one wanted to understand what morality meant in the 19th century, one had to work to reconstruct the concept. Put simply, contemporary word associations might not capture the way in which a concept had changed over time (Underwood, 2012). In order to combat this problem, Heuser and Le-Khac instead allowed texts to talk for themselves. By employing an unsupervised topic modelling algorithm based on Latent Dirichlet allocation (Blei et al., 2003), Heuser and Le-Khac were able to generate “topics” (or clusters of associated words) from word co-occurrences within texts, and in so doing, trace the history of “moral valuation” as it was written rather than as it might be imagined by the 21st-century critic.

While not the first use of computational modelling in literary studies, Heuser and Le-Khac’s pamphlet symbolised the growing sophistication of the field as a whole in the second decade of the new millennium. Just as John Smith had foreseen at the end of the 1970s, literary analysis in the 2010s had begun to expand its repertoire from “measuring variables to framing models of literary concepts” (Underwood, 2019, xi–xii). In the context of a public internet that had changed entirely the possibilities of research – through instant communication, instant access to millions of research documents, access to huge digital libraries like the Internet Archive (34 million holdings), the HathiTrust Digital Library (17 million holdings), and the free-to-access Project Gutenberg (60,000 holdings) – the emergence of powerful statistical analysis platforms such as Python and R gave every researcher the tools necessary to be able to engage at the very highest levels of computational literary analysis. Publicly funded initiatives like Quanteda, a free R package created at the London School of Economics in 2013 with funding from the European Research Council, provided the researcher with “a comprehensive workflow and toolkit for natural language processing tasks such as corpus management, tokenization, analysis, and visualization.” A description of the package written by its lead team continues, “It has extensive functions for applying dictionary analysis, exploring texts using keywords-in-context, computing document and feature similarities, and discovering multi-word expressions through collocation scoring” (Benoit et al., 2018, p.1). In short, Quanteda allowed the individual researcher to produce state-of-the-art analyses of literature, the like of which could only be imagined 15 years earlier.

The open source nature of Python and R meant that users could freely develop and disseminate their own packages. This has resulted in specialists releasing to the public high-end packages, such as CARET (Kuhn et al., 2016), Kernlab (Karatzoglou et al., 2004), and TensorFlow (Abadi et al., 2015), that stand at the sharp end of contemporary research in areas as advanced as machine learning, deep learning, and artificial intelligence. What unites such packages is the relatively newfound ability to reliably cast the unstructured data that describes, say, the words that constitute a novel into an n-dimensional vector space, and from there, allow an unsupervised mathematical model to manipulate the vectors so that it can carry out a desired task – such as classifying a text. Perhaps the most interesting observation that the literary critic can make about this process is that even the most basic unsupervised network-based model quickly outstrips the capacity of the human to follow how it determines its outputs. However, this “dark secret at the heart of AI” as Will Knight and others have framed it (Knight, 2017), should do more than feed into contemporary science fiction fantasies of robot rebellion. Rather more importantly, it should also alert one to the kind of mathematics that sits at the heart of today’s computational literary studies – conditional probability. In this branch of mathematics, numbers lose the relationship to the discrete and the definite that they enjoy in the popular imagination, and the very real consequence of this is that the outputs of such models can only ever be regarded as a tentative interpretation of the data. Therefore, as Ted Underwood writes, “expressing a model mathematically has the advantage of making some assumptions explicit (including, especially, assumptions about quantity and degree). But numbers have no special power to settle questions” (Underwood, 2019, p.xviii).

It is an important point to stress because this, above almost any other observation, has the power to allay the fears of the traditionalist who suspects computational literary analysis seeks at base to dismiss the work of the literary critic. The simple fact of the matter is that such mathematics recognises that unstructured complex data can only be represented with a degree of error. Whether epistemic or aleatoric, uncertainty permeates collected data and must be accounted for in statistical analysis. Interpolation error, model bias, numerical error, observational error, and parameter uncertainty are all scores of such uncertainty, and each speaks to the important fact that number cannot solve a complex “problem” like literature. Indeed, no model can report on the world with total confidence. For this reason, computational methodologies in the study of literature not only return one to the significance of the interpretative act of the critic but must return one to the interpretative act of the critic. Understood like this, those who adopt computational methodologies to interrogate literature are, in the words of Stephen Ramsay, “not trying to solve Woolf. We are trying to ensure that discussion of The Waves continues” (Ramsay, 2011, p.15). Put another way, computational literary studies does not labour under the misapprehension that quantitative analysis can provide a singular answer to the questions asked of literature, but it does promise to illuminate new avenues of investigation; it does promise to light previously unregarded arcs or developments in literary criticism; it does promise that we continue to think and talk about our literary inheritance.

This, then, moves one towards something of a conclusion. The relationship of technology and literary criticism is at its best when it is conceived of as a hybrid enterprise – the critic leveraging new and powerful tools of computation that not only amplify the capacity of the individual scholar but also show that same scholar the terrain of new questions to be considered. The dream of being able to work in this way has been with us for over a hundred years, and it has already resulted in some remarkable works of scholarship. But it is the invitation that it has extended to all literary critics that is perhaps its most extraordinary contribution to the discipline – a scarcely believable invitation to read again, and to discuss again, our shared literary heritage.
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Introduction

Compared with that of Chinese history and cultural studies, the development of technology and digital humanities in the realm of Chinese Literature has lagged far behind. On most occasions, digital humanities in Chinese Literature is still a synonym of database construction that serves as a simple research engine of primary e-texts. After the first online version of Scripta Sinica database 漢籍全文資料庫計畫 (https://hanchi.ihp.sinica.edu.tw/ihp/hanji.htm) launched by Academia Sinica in 1995, databases such as Wenyuange Edition of Siku Quanshu 文淵閣四庫全書 (1998) provided by Digital Heritage Publishing Limited, Guoxue Baodian 國學寶典 (http://www.gxbd.com/) (1999), Hanquan Full-text Search Database of Classics 寒泉古典文獻全文檢索資料庫(http://skqs.lib.ntnu.edu.tw/dragon/) (2003), Basic Database of Ancient Books中國基本古籍庫(http://er07.com/home/pro_3.html) (2003), Full-text search system of Tang and Song Lyrics 唐宋詞全文檢索系統 (http://cls.lib.ntu.edu.tw/CSP/W_DB/index.htm) constructed by Lo Fengju 羅鳳珠 (2006), Database of Poetry and Prose Collections through All Ages 歷代詩文集總庫 (http://er07.com/home/pro_212.html) (2008), Chinese Classic Ancient Books Database 中華經典古籍庫 (http://publish.ancientbooks.cn/docShuju/platform.jspx) (2014), and Kanseki Repository 漢籍リポジトリ (https://www.kanripo.org/) (2016) have included nearly all of the fundamental texts found in Classical Chinese Literature, from novels to separate collections (bieji 別集), anthologies (zongji 總集), and the remarks on poetry (shihua 詩話 and cihua 詞話). Partial resources of kanshi or hansi 漢詩 and its remarks can be found in JapanKnowledge (https://japanknowledge.com/), Diaolong Full-text search Database of Ancient Books in Chinese and Japanese 雕龍中國日本古籍全文檢索資料庫and The Collection of Korean Anthologies DB (http://db.mkstudy.com/en/mksdb/e/korean-anthology/p/). The International Dunhuang Project (http://idp.bl.uk/) contributes to the research of medieval lost poems and ci lyrics, literary criticism, and vernacular literature found in Dunhuang manuscripts. Speaking of databases dedicated to a specific research theme, the Ming Qing Women’s Writings (MQWW, https://digital.library.mcgill.ca/mingqing/) constructed by Grace Fong is the only online digital archive of writings by women in the Ming and Qing dynasties, including verse, shihua, and verse novels (tanci 彈詞). In addition to basic browse of indices of collections by library, publication year, genre, or personal names, users can search authors by geographical location and marital status (Fong 2014), facilitating the investigation of factors affecting the education, marriage, and general life course of women writers. With the aid of the title transcriptions and scanned images of entire works, 11 papers selected in Fong and Widmer (2010) revealed how women in Late Imperial China responded to challenges, such as illness and war, as well as their attempts to transgress their prescribed gender roles and social boundaries.

Regarding bibliography of rare books, scholars can freely assess the National Kanseki Database 全國漢籍データベース (http://kanji.zinbun.kyoto-u.ac.jp/kanseki/) (2001), Database of Ancient Books in Higher Education Institutes 高校古文獻資源庫 (http://rbsc.calis.edu.cn:8086/aopac/jsp/indexXyjg.jsp) (2006), and Union Catalog of Rare Books Database 古籍聯合目錄 (https://rbook.ncl.edu.tw/NCLSearch/Search/Index/) (2012), with the latter including over 840,000 items from 90 institutes around the world. Images of these rare books are available in the websites of major institutes, while in the Chinese Text Project (ctext, https://ctext.org/) (2006), textual edition has been generated using OCR (Optical Character Recognition) from the scanned texts, despite its relatively low accuracy. When faced with situations where only physical copies of materials are available, scholars can readily employ OCR technology provided by Text Recognition and Proofreading Platform (https://ocr.ascdc.tw) and gj.cool 古籍酷 (https://ocr.gj.cool/) to digitise and organise electronic texts. The technology of text recognition of scanned ancient documents is notably mature in Japan, especially those written in cursive script (kuzushi ji くずし字). Electronic dictionary of Kuzushi Ji includes Electronic Dictionary Database of Kuzushi Ji 電子くずし字字典データベース (https://wwwap.hi.u-tokyo.ac.jp/ships/w34/search/), the Joint Search System of Historical Character Database 史的文字データベース連携検索システム (https://mojiportal.nabunken.go.jp/), and Kuzushi Ji Search Databaseくずし字データベース検索 (http://codh.rois.ac.jp/char-shape/search/) that included a dataset of over a million images of Chinese characters and kana 仮名 found in Japanese Ancient Books. MOJIZO (https://aimojizo.nabunken.go.jp/) enables analysis of a single character after uploading image files, while in 2021, a new app of AI Kuzushiji Recognition called miwo was officially released by the ROIS-DS Center for Open Data in the Humanities, in which the transcribed texts are directly shown on the image files of woodblock-printed books or handwritten documents. With the aid of other tools on Chinese-Gregorian calendar (e.g., https://sinocal.sinica.edu.tw/) and measurement conversion (e.g., https://docusky.org.tw/DocuSky/docuTools/MeasurementConversionTool/measurementconversion.html), one is confident of contending that modern scholars are fully equipped to retrieve and interpret the e-texts of Classical Chinese literature.

As stated by Wang and Lee (2021), major databases only provide basic search and enquiry functions without further tools on statistics, visualisation, and text mining. The database content is confined to the platform, and is not transferable to other databases for further analysis. Additionally, search results or feedback cannot be shared among users or database managers, making collaborative research and database evaluation difficult. However, it seems that most scholars in China, as well as in a broader Asian context, are not discontented with the stated inadequacies, and this sentiment can be closely related to the reception of digital humanities in these regions. The stereotype of “bookish” humanities research that only adopts digital humanities in a sense of text digitalisation and digital libraries, together with the low participation of Chinese scholars in journal articles on digital humanities (Tang, Cheng and Chen 2017), inadequate involvement from humanities scholars and immature theoretical models, is all attributed to the little interest and fledgling stage of digital humanities in Classical Chinese literature (Peng 2020: 595, 599).

Dedicated to readers who have little background on digital humanities, rather than a detailed discussion to the technology developments or methodology, this chapter serves as an introduction to innovative application of digital humanities in terms of text mining, GIS (Geographic Information System), and statistical analysis of Chinese versification.



Text Mining in Classical Chinese Literature

The China Biographical Database Project (CBDB, https://projects.iq.harvard.edu/cbdb) is a joint project of Fairbank Center for Chinese Studies at Harvard University, Institute of History and Philology of Academia Sinica, and Center for Research on Ancient Chinese History at Peking University. Compiling information from literary collections, traditional biographical records, official archives, the Union Catalogue of Chinese Collectanea 中國叢書綜錄 and other databases such as the MQWW, Ming Qing Name Authority files 人名權威─人物傳記資料庫 (https://newarchive.ihp.sinica.edu.tw/sncaccgi/sncacFtp), and Pers-DB Knowledge Base of Tang Persons 唐代人物知識ベース(currently under maintenance), the CBDB contains biographical information of over 520,000 individuals (as of August 2022) and over 52,000 titles including lost works. After downloading the standalone version of the CBDB in MS Access format, users can query by name, methods of entry into government, office holding, kinship, associations, social networks, place associations, and status. Searching through social networks is particularly useful as it includes friendship, family, scholarship, politics linkage, and mutual communication as seen in poetry or prose writings and biographic texts. Figure 14.1 shows the aggregated social network of Jiang Kui 姜夔, with maximum node distance restricted to 1, i.e. an “ego network” that only shows all the people associated with Jiang Kui and all the associations between the people in the network (Fuller 2021:78). Only friendship, family, scholarship, and writing relationships are selected.


[image: An exhibit depicts Jiang Kui's assemblage of social network with restricted node distance and associations.]
Figure 14.1 Aggregated social network of Jiang Kui, maximum node distance = 1.

The latest update of the database includes a beta version of the CSA (Crowdsourcing System for Association Data) devoted to Ming dynasty letters (https://csa.cbdb.fas.harvard.edu/). On top of recipients of 7000 letters from the Song and Yuan periods identified by the CBDB, this CSA consists of all the letter titles found in extant literary collections for 1650 Ming dynasty writers. Fields like author, title of the piece, kind of association, and name of the collection are prepopulated. This enables users to search all letters written by or to a particular person, such as Wang Shizhen 王世貞 in Figure 14.2. In case of unidentified names, e.g. Wang Yunzhu王雲竹 in row 10195, users are invited to fill in the particulars in the blank space if they recognise that person, so that the identifications will be updated in future versions of the CBDB.


[image: An exhibit depicts all letters written by or to a particular person related to Wang Shizhen with text in foreign language.]
Figure 14.2 List of letters related to Wang Shizhen (partial screenshot).

The DocuSky Collaboration Platform (https://docusky.org.tw/DocuSky/home/) constructed by the Research Center for Digital Humanities of National Taiwan University, is an integrated platform with a series of text-mining tools:


	Tagging tools of keywords (Batch Tagging Tool) and geographical names (Historical Placename Query Tool) listed in authority files. It is also linked up to MARKUS developed by Brent Ho and Hilde De Weerdt, which tags personal names, place names, temporal references, and bureaucratic offices in Chinese and Korean texts. Using default entities, tags are generated in the following text of Baishi Daoren Gequ 白石道人歌曲 (Figure 14.3):


[image: An exhibit depicts an user interface where the text is in foreign language.]
Figure 14.3 Tagging function of MARKUS.

Note that homophones like yan 燕 “swallow”, meishan 眉山 “mountain-like eyebrows”, and xingping 興平 (wrong word segmentation) are mistaken as geographical names, and should be eliminated before exporting as a MARKUS file for word frequency analysis. A demonstration analysing the frequency of various demons as seen in Journey to the West can be found in Hu (2018). DocuSky also provides tools that mark up dialogues in fiction or perform measurement metric conversions.


	Format conversion between plain text,.xml,.csv, MARKUS, and.json files;

	Tools for database creation, metadata integration, DocuXML management, and retrieval texts from WikiSource, CBETA, Ctext, and Kanripo.

	Term Clipper which keeps on clipping specific terms from the text. In Figure 14.4, the tool automatically identifies Yangzhou 揚州 as a potential keyword for clipping after inputting “liu” 柳 “willow”. There are also tools that conduct N-gram (i.e contiguous N characters) or tagged word frequency analysis, text alignment, and writing style analysis. Figure 14.5 presents statistics on 1-gram and 2-gram frequency analysis of Jiang Kui’s Baishi Daoren Gequ.


[image: An exhibit depicts an automated MARKUS interface with text in foreign language.]
Figure 14.4 Term clipper clipping the term “Yangzhou”.


[image: An exhibit depicts statistics on 1 - gram and 2 - gram frequency analysis with text in foreign language.]
Figure 14.5 1-gram and 2-gram frequency analysis of Baishi Daoren Gequ.

A writing style analysis tool calculates the similarity of two texts using four different methods: Yang’s Rank-Frequency Distance (which measures the dissimilarity of rank-frequency distribution), Tu’s Term Frequency t test (a two sample t test of high-frequency words), Tu’s Mining Function (which examines the document frequency difference of N-gram words), and affix analysis. Applying Yang’s Rank-Frequency Distance, Yang et al. (2003: 476–478) grouped ten chapters each of The Red Chambers into segments and detected that the distance between the first 80 and the last 40 chapters is generally larger than the distance within both parts, suggesting that they were written by two different authors. Tu (2014) also reached a similar conclusion by integrating Term Frequency t test, Mining Function, and adopting affix analysis. Tu discovered dissimilarities in affixes such as qibu 豈不 “is it not” (which appears more frequently in the first 80 chapters) and qizhi 豈知 “doesn’t somebody know”(which only appears in the last 40 chapters). Apart from the above calculation methods, Hu et al. (2014) suggested a new mathematical analysis by testing for chrono-divides, i.e. group of features that characterize the difference of styles, and support a two-author hypothesis. As a result, they found clear stylometric differences between the first 80 chapters and the last 40 chapters. Chapter 67 is also stylistically exceptional from the rest of the first 80 chapters, suggesting that it may not have been written by Cao Xueqin曹雪芹. However, Tu (2014) contends that both Chapters 64 and 67 are not Cao’s work.


	GIS and visualisation.



The Academia Sinica Digital Humanities Research Platform, developed by the Academia Sinica Center for Digital Cultures (ASCDC), is an integrated platform where users can build their own personal library, add annotations, and conduct comparison and text analysis. Users can upload their own.txt, Excel and MARKUS files, or import texts via Kanripo, CText, Scripta Sinica database, and Wikisource. The texts will then be automatically segmented using CKIP CoreNLP (https://ckip.iis.sinica.edu.tw/service/corenlp/) or Jieba (https://github.com/fxsjy/jieba). In addition to those contributed by CBDB, the Buddhist Studies Authority Database Project and ASCDC, users can upload tailor-made authority files (for personal and geographical names) and relative term files (for friendship, kinship, and currently character relationships in The Red Chamber and Romance of the Three Kingdoms) for tagging and analysis. Other functions include authority term frequency and occurrence analysis, text difference analysis, text similarity comparison, social network visualisation, pie charts, word clouds, and dynamic maps. The text difference comparison function is particularly useful in Classical Chinese literature, since it compares the difference between two texts in terms of authority, N-gram, or word segmentation. Here, a short authority file with only ten entries is created in order to compare their frequencies in Zhou Bangyan 周邦彥 and Jiangkui’s ci lyrics (Table 14.1).



Table 14.1 Frequency comparison of ten selected characters in Zhou Bangyan and Jiangkui’s ci lyrics


	Zhou
	Frequency
	%
	Jiang
	Frequency
	%





	風　↑5.5%
	132
	100
	春　↑43.9%
	55
	100



	春　↓43.9%
	74
	56.1
	風　↓5.5%
	52
	94.5



	日　↑12.1%
	64
	48.5
	月　↑18%
	32
	58.2



	月　↓18%
	53
	40.1
	梅 ↑20.8%
	21
	38.2



	柳　↓7.9%
	40
	30.3
	柳　↑7.9%
	21
	38.2



	恨　↑3.6%
	36
	27.3
	日　↓12.1%
	20
	36.4



	秋
	36
	27.3
	秋
	15
	27.3



	梅 ↓20.8%
	23
	17.4
	恨　↓3.6%
	13
	23.6



	星　↑1.4%
	9
	6.8
	星　↓1.4%
	3
	5.5



	冬
	1
	0.8
	
	
	






Another example is a proximity search, which displays collocation of characters preceding, between, or succeeding the characters jiu酒 “wine” and hua花 “flower” in Zhou Bangyan’s ci lyrics. The characters that appeared in the lines “倚闌一霎酒旗風，任撲面、桃花雨 (I lean against the balustrade, in a flash the wind flutters the wine flag, while I let the peach blossom rain strike my face)” are marked with a border in Figure 14.6.


[image: An exhibit where the texts are written in a foreign language.]
Figure 14.6 Proximity search for “wine” and “flower” in Zhou Bangyan’s ci lyrics.

While research materials and results can be disseminated via the platform, a default authority file of basic vocabulary in poetry (e.g. weather, landscape, animals, plants, food, furniture, colour, and emotion) would further promote accessibility of text comparison in Chinese Literature. Such a list can be prepared by means of “category books” (leishu 類書) digitalised by Souyun 搜韻(https://sou-yun.cn/poetlifemap.aspx) and Rhyming Dictionaries like Shiyun Hebi詩韻合璧. Focusing on colours and natural phenomena, Liu et al. (2018) reported a few interesting findings. For instance, Li Bai 李白 liked to use the character bai 白 “white” much more than other poets, while hong 紅 “red” is the most frequent colour word used in Quan Songci; chunfeng 春風“spring wind” appeared in Li Bai’s poems three times more often than qiufeng 秋風“autumn wind”, which seems to be Du Fu 杜甫’s preference.

One way to visualise the results of text mining is the creation of word clouds which highlights the most frequently keywords used in the text. For readers who have no prior knowledge of Python, HTML5 Word Cloud (https://wordcloud.timdream.org/#) is a convenient tool that supports Chinese characters and Chinese text segmentation. The word clouds of Zhou Bangyan’s lyrics and Jiang Kui’s lyrics are juxtaposed below for comparison (Figures 14.7 and 14.8). While Zhou tends to describe dusk (huanghun 黃昏), sunset (rimu 日暮), and solitude due to long-distance sojourn (tianya 天涯 and qianli 千里), Jiang emphasizes the spring wind (chunfeng 春風, dongfeng 東風), the present world, and the here and now (renjian 人間). Interestingly enough, the most frequently used phrase in Zhou Bangyan’s lyrics is dangshi 當時 “at that time”, which is surpassed by erjin 而今 “now” in Jiang Kui’s lyrics. The contrast is more obvious if we also consider jiushi 舊時 “the past”, jiuri 舊日 “the old days”, and rujin 如今 “now” (Table 14.2). The phrase jinhe 今何 is a wrongly segmented phrase and therefore should not appear in the word cloud. Users of HTML5 Word Cloud may refer to the CKIP CoreNLP which correctly segments the lines with part-of-speech tagging (Figure 14.9).


[image: An exhibit depicts numerous words that are written in foreign language.]
Figure 14.7 Word cloud of Zhou Bangyan’s ci lyrics.


[image: An exhibit depicts an array of words with text in foreign language.]
Figure 14.8 Word cloud of Jiang Kui’s ci lyrics.


[image: An exhibit depicts a P O S tagging with period and comma categories and text in foreign language.]
Figure 14.9 CKIP CoreNLP’s accurate word segmentation of lines containing the characters “jinhe”.



Table 14.2 Comparison of time adverbs in Zhou Bangyan and Jiang Kui’s ci lyrics


	
	No. of entries (% of full text)



	
	Zhou
	Jiang





	dangshi 當時
	14 (0.21)
	7 (0.21)



	jiushi 舊時
	3 (0.04)
	1 (0.03)



	jiuri 舊日
	5 (0.07)
	0 (0)



	erjin 而今
	6 (0.09)
	9 (0.28)



	rujin 如今
	3 (0.04)
	4 (0.12)






Unlike HTML5 Word Cloud, the Corpus Grams Tool of Docusky generates word cloud according to N-grams. Figure 14.10 is a 3-gram word cloud for Baishi Daoren Gequ.


[image: An exhibit depicts a word cloud with the words in foreign language.]
Figure 14.10 3-gram word cloud for Baishi Daoren Gequ.

The “Text Analysis and Visualisation of The Observatory Review”, launched by The Chinese University of Hong Kong Library, is a good example of WordCloud visualisation and geospatial-temporal visualisation of newspaper archive. After digitisation and OCR of early tabloid newspapers in Hong Kong, the library particularly selected The Observatory Review 天文臺 (1950–1985), an early tabloid newspaper founded by Chen Hsiaowei 陳孝威, who published observations and classical verses on international and national affairs, as an experiment of text analysis. In addition to the word cloud, bar charts that display the top 50 words by frequency from NER type PERSON, ORG, and EVENT, along with an interactive world map with tags of countries, dates, and related keywords, have also been employed. Another example is Chan (2021) comparative analysis employing word clouds and proximity search techniques. This study examines the differences in terminology related to locations, rituals, daily life, authority, and entertainment within the 100 Palace Lyrics authored by Wang Jian 王建, Song Bai 宋白, and Wang Gui 王珪 respectively.


Social Network Analysis, Geographic Information System, and Literature Map

Data of social network in the CBDB can be exported to UCINet, Pajek, and Gephi for network visualisation. Figure 14.11 is a social network graph of Jiang Kui plotted by Gephi 0.10.1 using the information retrieved as shown in Figure 14.1:


[image: An exhibit depicts an array of interlinked names from You Mao, Jian Kui, Xu Nanqing, to Xin Qiji.]
Figure 14.11 Social network graph of Jiang Kui.

Note that many significant persons such as Jiang’s uncle-in-law Xiao Dezao蕭德藻, Zhu Xi 朱熹, and Jing Tang京鏜 who appreciated Jiang’s talent, and several poets who composed poems back and forth with Jiang (Xia 1998), are not shown in the graph. A more stunning case is Wen Tingshi文廷式, whose social network graph only consists of his two students, Zhen Fei (Consort Zhen) 珍妃and Jin Fei (Consort Jin) 瑾妃 (Figure 14.12)


[image: An exhibit depicts an interlinked network between Jinfei, Wen Tingshi, and Zhenfei.]
Figure 14.12 Social network graph of Wen Tingshi.

The relationship between Wen and his teacher Chen Li 陳澧 is not mentioned, nor is Chen’s any social network, which understates the significance of Chen and the role of Xuehaitang 學海堂as a premier academy in 19th-century Guangzhou.

Launched by the Chinese University of Hong Kong Library, the Hong Kong Writers and Artists Biographical Database (https://hkbdb.lib.cuhk.edu.hk/) integrates biographical information of over 123,000 Hong Kong writers and artists (as of June 2022) from late 19th century to the present time, and 15,203 names of organisations. The main reference of classical poets in Hong Kong is Zou (2011) which mainly focuses on the collection title and biographical texts of Hong Kong poets, with relatively less information on early Lingnan literati. Regardless of this, the database still provides a handy two-step social network graph on literati closely related to Xuehai Tang (Figure 14.13). While the graph clearly illustrates the linkage between Xuehai Tang and other academies such as Guangya Shuyuan 廣雅書院 and Jupo Jingshe 菊坡精舍, Chen Li’s relationship with Xuehai Tang and his students (e.g. Wen Tingshi and Liang dingfen 梁鼎芬 etc.) is still missing. In addition to name search and social network graphs, the database also provides a timeline of events, SPARQL query, and API for further analysis of Hong Kong literature.


[image: An exhibit depicts an array of interlinked words with text in foreign language.]
Figure 14.13 Social network graph of Xuehai Tang’s literati.

Another tool that can be used to draw binary association diagrams is BinRelLite (https://docusky.org.tw/DocuSky/docuTools/Lites/GraphViz/BinRelLite.html) in DocuSky, developed by National Taiwan University’s Research Center for Digital Humanities. The debate strategies in Romance of the Three Kingdoms and the friendship network of Ouyang Xiu 歐陽修, Su Shi 蘇軾, and Wang Anshi 王安石 are provided as a case study by Tu (2021, 2023).

Proposed by Lo Fengju 羅鳳珠 in 2005, a GIS system of Song poets and poems (http://webgis.sinica.edu.tw/website/songpoem/viewer.htm) mapping the birthplace and basic affiliation of Song poets, along with maps of the territories of the Northern and Southern Song Dynasties, as well as the geographical names mentioned in Su Shi’s poems composed in Huangzhou黃州, has been launched. In addition to the China Comprehensive Gazetteers and the China Historical Geographic Information System Project, data retrieved from CBDB can be saved as.kml files for GIS visualisation. Figure 14.14 shows the geographical distribution of Qing writers described as “proficient in poetry and prose writing” 工於詩文. The geographic distribution of social networks can also be displayed on a map, showing relevant individuals in their respective locations. However, it is worth noting that individuals without information about their birthplace or affiliation cannot be displayed properly on the map. In Figure 14.15, the details of Xu Nanqing 徐南卿, Jiang Kui’s friend, are placed on the map far from Asia. Chien Chinsung 簡錦松’s on-site research 現地研究, which involves confirming geographical information specific to a poem through on-the-spot investigation, has also benefited from the development of GIS and GPS technology. Chien (2015) emphatically underscores that the purpose of on-site research is not the construction of antique maps or the verification of ancient place names; it is by no means a discipline within geography. Instead, it effectively uses GPS data as a universally understood language to acquire on-site evidence for establishing precise interpretations of ancient literary works. GPS serves as a tool to assist scholars in avoiding an overreliance on imprecise linguistic descriptions of geography found in traditional texts; cross-reference historical and contemporary locations by overlaying ancient maps onto satellite maps; the documentation of investigation routes and distinctive terrains; and rectification of geographical information that is currently absent from modern maps. Also, movements of celestial bodies, such as the sun, moon, and stars, as well as changes in mountain ranges, exhibit relatively minor variations, while alterations in hydrology, administrative systems, material culture, and transportation are more substantial in nature. These can be regarded, to varying degrees, as evidentiary factors for on-site investigation (Chien 2012c).


[image: An exhibit depicts geographical location of the Qing writers in China.]
Figure 14.14 Geographical distribution of Qing writers described as “proficient in poetry and prose writing”.


[image: An exhibit depicts the details of Xu Nanqing on a chart far from Asia.]
Figure 14.15 Incorrect Geographical Placement of Xu Nanqing in Jiang Kui’s social network map.

With altitude measurements in Fengjie 奉節, Chien (1999) successfully refuted previous studies that suggested the Chu Palace 楚宮 and Yangtai 陽臺 mentioned in Du Fu’s poems were located in Wushan 巫山. Later with the aid of GPS, GIS, and Google Earth Pro in on-the-spot investigation, as well as the calculation of lunar phases and astronomical information found in the poems, Chien re-evaluated the exact location of Leyou Yuan 樂遊原 (Chien 2004), the route of Ziwugu Dao 子午谷道 (Chien 2008), the interpretation of Du Fu’s “An Official Pavilion at Xiangji Temple in Fucheng District” 涪城縣香積寺官閣 written in the rock inscription at the official pavilion (Chien 2009), the travel dates and schedule of Du Fu’s travel from Qinzhou 秦州 to Chengdou 成都 (Chien 2011), location of composition of Wang Wei 王維 and Pei Di’s 裴迪 poems in Wangchuan Ji 輞川集 (Chien 2012a), the route of Lantian Section 藍田段 of the Shangzhou Wuguan Road 商州武關驛路 mentioned by Bai Juyi 白居易 (Chien 2012b), and the most likely sailing route adopted by Xin Qiji 辛棄疾 when he returned to Qianshan 鉛山 (Chien 2020).

Chen et al. (2017) selected 340 ci lyrics composed by Song lyricists, analysing the place and time of composition, as well as the emotional information of each lyric. Assigning emotional values such as delight (+1.0), open-mindness (+0.6), calm (+0.4), remembrance (−0.5), anxiety (−0.6), sadness (−0.8), and angriness (−1.0), they established a spatiotemporal database to show the dynamic changes of collective emotional characteristics with time and place as seen in these poets. With visualisation created by ArcGIS, they concluded that changes in the poets’ collective emotions were consistent with significant national development and incidents, which can be attributed to the negative values of emotional values in the Southern districts of the Southern Song Dynasty. Although a sample size of only 340 ci lyrics is inadequate for accounting for collective emotional characteristics, it did enlighten the academic community by suggesting an innovative way to conduct a quantitative study of writing style and geography.

The recently established Academic Map Publishing Platform (AMPP, http://amap.zju.edu.cn/) offers a range of maps depicting poetical itineraries for reference. However, these maps are currently somewhat scattered and lack distinct categorisation by era or theme. A more commonly adopted “literature map” is the chronological map of Tangsong Literature 唐宋文學編年地圖 developed by Wang Zhaopeng 王兆鵬. The beta version was launched in Souyun in 2017, featuring the birthplace and basic affiliation of over 50 Tang poets and 110 Song poets, along with the place of composition of their poems. As an example, Figure 14.16 displays Wang Changling 王昌齡’s map of poetical itineraries. To test the feasibility of the map, Zhou (2020) selected works by Wangbo王勃, Cen Can 岑參, Du Fu, Mengjiao 孟郊, Yu Xuanji 魚玄機, and Guanxiu 貫休, as the places of composition basically cover all ten circuits 十道 of the Tang Dynasty. Astonishingly, the number of poems written in Suzhou in 752 has exceeded those written in Luoyang, Chengdu, Kuizhou 夔州, Yangzhou 揚州, and Hangzhou 杭州, reaffirming Suzhou’s significance in Tang Poetry. Given the nature of a beta version, it is understandable that certain important but extraordinary poems are not included, e.g. Li Shangyin李商隱’s unnamed poems with an unknown place of composition, works of anonymous poets as seen in Dunhuang manuscripts. While the map includes Xiao Dezao, his famous nephew-in-law Jiang Kui are still not in the inventory. Moreover, in spite of the fact that four maps of the Five Dynasties Period have been provided for mapping, no poets of the corresponding period have been included yet. Despite the above weaknesses, it is highly anticipated that the map will serve as a vivid pedagogical and research tool to enrich our knowledge from geographical and chronological perspectives.


[image: An exhibit depicts Wang Changling’s survey with text in foreign language.]
Figure 14.16 Wang Changling’s map of poetical itineraries (partial screenshot).

Mazanec (2017) is an ideal case study to summarise the tools mentioned above. Through a careful study of the works of poet-monks in the late medieval period, by tracing the geographic trajectories of the poet-monk with Palladio (https://hdlab.stanford.edu/palladio/), Mazanec affirmed that before 790, poet-monks were concentrated around Hangzhou, and were later centred in Changan in 810–870. They fled urban centres to escape the rebellion of Huangchao 黃巢 in 880–907 and finally stabilised in regional capitals and sacred mountains. Mazanec also plotted a network graph with the aid of Gephi, illustrating the network of late medieval exchange poems among Buddhist monks, Daoists, and other poets. A pie chart showing retriplication (repetition of a character three times, a technique widespread in Buddhist literature) in the Tang and Five Dynasties, and a chart of betweenness centrality rankings of the major late medieval poets that reveals Guanxiu 貫休, Qiji齊己, and Shangyan 尚顏’s role as “between” poets connecting major late medieval poets, best elucidate the development of Chinese Buddhist poetry established by these elite poet-monks.



Digital Humanities in Chinese Versification Studies

Due to its interdisciplinary nature, the study of Chinese versification is often viewed as marginal, if not an ad hoc research theme in the formation of recent style prosody 近體詩律 during the 5th–8th centuries. However, not only does it reveal the development of linguistic features in Chinese poetry, particularly in terms of euphonic effects, but Chinese versification is also fundamental in poetry writing and appreciation. Apart from the orthodox prosodic patterns adopted by recent style prosody, alternative patterns that were later abandoned, deviant forms (aoju 拗句) arose in the Mid-Tang period and later served as a marker of old style prosody 古詩詩律, are all unsolved problems in Chinese versification studies. The study of old style prosody, notorious for its arbitrariness and ambiguity, was once a controversial issue among Qing critics: Zhao Zhixin 趙執信 (1662–1744) wrote the Shengdiao Pu 聲調譜 following Wang Shizhen王士禛’s (1634–1711) refusal to teach Old Style Prosody, and Zhao’s work inspired addenda and responses in the following century that collectively formed the Shengdiao Pu series. The Gushi Pingzelun 古詩平仄論, a text thought to be Wang’s own writing published by Wang’s descendants, illustrated various differences in terms of prosodic model, the accuracy of which is yet to be confirmed. Complexity and confusion mounts when it comes to the versification of ci lyrics: the conventional name of a tune (cipai 詞牌) may have several alternatives, while the lyrics of a tune may also vary in terms of length, prosodic forms, and rhyme scheme (youyiti 又一體). For instance, the tune name Mulan Hua 木蘭花 (“magnolia”) has an alternative name of Yulou Chun 玉樓春 with four alternative forms, not to mention relevant tune names, such as Jianzi Mulan Hua 減字木蘭花(2 alternative forms), Tousheng Mulan Hua 偷聲木蘭花, Mulan Hua Ling木蘭花令 (3 alternative forms), and Mulan Hua Man 木蘭花慢 (12 alternative forms), that pose a number of puzzling questions for most readers, and the definitions of terms like jianzi 減字, tousheng 偷聲, ling 令, and man 慢are still debatable. The issue of conventional name and prosodic (also syntactic) forms are often mistaken as merely a musical one, overlooking its significance on the development of ci lyrics as a genre.

In November 2022, an international conference titled “Versification, Network, Future” was jointly held by The School of Humanities, Tsing Hua University, and the editorial board of Digital Humanities. One of the sessions was “Classical Poetry and Prosody”, with sub-sessions of “Big Data and Versification Studies”, “Language and Versification”, “Infrastructure and Poetry Research”, and “Digital Application in Poetics”. With the aid of private datasets, scholars explored topics, such as the change of prosodic paradigm of Yongming Style永明體 from wasp-waist 蜂腰 to tonal opposition in positions 2–4, statistics of lines with 2-1-2 and 2-2-1 poetic rhythms, versification of heptasyllabic quatrains in the Tang Dynasty, the prosodisation of Shengshi 聲詩 in Mid-Tang Period, change of caesura and antithetical flaws as seen in Bai Juyi’s poem, deviant forms found in imperial examinations of the Southern Song Dynasty, and digitalisation of ci indices (Song, Hao and Zhong 2022). It is highly expected that big data research will open up new possibilities of re-analysis of classical Chinese versification and history of Classical Chinese literature.

Nonetheless, there is no current public database specialised for the study of Chinese verification. The most well-known search systems include Souyun, System of Quan Tangshi Analysis 全唐詩分析系統, System of Quan Songshi Analysis 全宋詩分析系統, and System of Hanshi Prosody Analysis 漢詩格律分析系統 (https://ppas.cl.ntu.edu.tw/hanshi). The “recent style prosody verification” function enables users to verify if a certain poem observes prosodic rules of recent style prosody from the perspectives of tones according to Middle Chinese deviant forms and rhyme. The system of Kanshi Prosody Analysis further checks against alternative prosodic rules, such as those suggested by Shenyue 沈約, Liutao 劉滔, Yuanjing 元兢, and Sakumon Daitai 作文大体 complied in the Heian period of Japan. Yet, all of the above systems only allow user to verify the prosody of one poem at one time, and the absence of prosodic pattern search function results in the infeasibility of advanced statistical analysis, such as prosodic pattern occurrences, and synchronic or diachronic comparison of prosodic preferences among poets. Despite the fact that the systems of Quan Tangshi and Quan Songshi Analysis provide search function of prosodic pattern, the results are severely flawed and thus completely unusable for versification studies: when retrieving lines with five consecutive level tones (i.e.平平平平平) in pentasyllable-regulated poems with level-tone rhymes, both systems also include entries with five level tones scattered across two adjacent lines. Yao 窅, the first character of this poem has two different pronunciations that belong to the level tone and deflected tone, respectively, it is only when pronounced as a level tone that the whole couplet contains five level tones. In fact, none of the lines in this poem, nor do the first 20 entries shown in Figure 14.17, contain any prosodic pattern with five consecutive level tones.


[image: An exhibit depicts an user interface with text in foreign language.]
Figure 14.17 Search result for five consecutive level tones in system of Quan Tangshi Analysis (partial screenshot).

Another Database on Kanshi literature (http://140.112.145.92/poem), which is no longer open for public use, also marked the tones of all poems in Quan Tangshi and Quan Songshi, one poem at a time. While attempting to re-investigate the development of recent style prosody with the aid of the database, Tsai (2019a, 2019b) neglect of variant readings, typos in e-texts and duplicated poems cast doubt on the accuracy of analysis. Song and Zhang (2015) also created a private database, using a specialised computer program provided by Pan Wuyun 潘悟雲 that automatically marks the tones of the poems for further analysis. By comparing the prosodic patterns of poems by Shen Yue 沈約, Xie Tiao 謝朓, and Wang Rong 王融 to those found in the Nineteen Old Poems 古詩十九首, as well as poems by Cao Zhi 曹植 and Xie Lingyun 謝靈運, Song and Zhang contended that certain dominant tonal patterns have been recognised in the Yongming style poems. These include tonal contrast of positions 2–4 and 2–5 within a line, and tonal contrast of positions 5–10 within a couplet. It is worth noting that Song and Zhang have introduced several statistical tests, such as the chi-square test for goodness of fit and homogeneity, the binomial test for rule determination, and the Bayesian test for assessment of relative probability.

There are no available electronic resources on cipai and the versification of ci lyrics. Although users may check against Souyun to confirm if a certain piece of ci poem observes the cipai’s prosodic regulations, the references of prosodic regulations are Qinding Cipu 欽定詞譜 and Long Yusheng 龍榆生’s Tangsong Ci Gelü 唐宋詞格律, which do not include all existing variant forms. With regard to the tune Nange Zi (南歌子, “southern song”), Table 14.3 compares the variant forms identified by Qinding Cipu, Cilü 詞律, Tangsong Ci Gelü, and the results generated by the newly constructed database, which will be introduced later. The numerals represent the number of characters in a particular line, a comma (，) denotes a line without rhyme, an ideographic full stop (。) denotes a line with rhyme, and a vertical bar (|) denotes a new stanza.



Table 14.3 Variant forms of Nange Zi


	
	
	Qinding Cipu
	Cilü
	Tangsong Ci Gelü
	Database





	1
	5，5。5。5，3。
	V
	V
	
	V



	2
	5，5。7。6，3。
	V
	V
	V
	V



	3
	5，5。7。6、3。

5，5。7。6、3。

(rhyme: level tone)

	V
	V
	V
	V



	4
	5，5。7。4、5。|

5，5。7。4、5。

	V
	
	
	V



	5
	5，5。7。6、3。|

5，5。7。6、3。

(rhyme: deflected tone)

	V “Marked as “5。5。7。4。5。|5。5。7。4。5。” in Qinding Cipu.”
	V
	
	V



	6
	5，5。7。6、3。|

5，5。7。4、5。

	
	
	
	V



	7
	5，5。7。4、5。|

5，5。7。6、3。

	
	
	
	V



	8
	5，5。7。9。|

5，5。7。9。

	
	
	
	V



	9
	5，5。7。4、5。|

5，5。7。5、5。

	V
	
	
	



	10
	5，5。7。6，4。|

5，5。7。6，4。

	V
	
	
	V



	11
	5，5。7。6，5。|

5，5。7。6，5。

	
	
	
	V



	12
	5，5。7。6，6。|

5，5。7。6，5。

	
	
	
	V



	13
	5，5。7。6，5。|

5，5。7。6，6。

	
	
	
	V



	14
	5。7。7，2。7。|

5。7。7，2。7。

	
	
	
	V



	15
	5，5。7。6，5。|

5，5。7。3。5。

	
	
	
	V



	16
	5，5。7。6，5。|

5，5。7。6，3。

	
	
	
	V






While variations 3, 4, 6–8 may differ only in punctuation arbitrarily marked by the editors of Quan Tang Wudai Ci and Quan Songci, variations 12–13 can be viewed as equivalent to variation 11 with inserted function words (chenzi 襯字); variations 14–16 are unique variations that were not identified by previous indices. For the example of variation 9, the editor of Quan Songci provides a variant reading that is identical to variation 4.

Due to the chaotic and arbitrary nature of tune names, accurate statistics of ci lyrics are inherently challenging. One needs to pay special attention to alternative name of tunes when analysing the most frequently used tunes in the Tangsong periods, for instance, in Quan Tang Wudai Ci and Quan Songci, only 234 entries were found for the tune Yulou Chun (玉樓春, “spring of jade mansion”), while at least 99 more entries with the pattern “7。7。7，7。|7。7。7，7。” were found for its most commonly used alternative name Mulan Hua, not to mention other names that are less abundant.1 Without a complete list of a tune’s metrical variations, it is also impossible to answer the following ad hoc questions to meet the needs of versification research and poetry writing:


	What are the available tunes if a lyrist prefers a “4，4，4。” pattern at the very beginning of the second stanza?

	What 3-stanza-tunes with rhymes of deflected tones can a lyrist adopt?

	When did the first ci lyric work with “leading word” (lingzi 領字) appear? Where are leading words usually placed? Are there any restrictions on the position and tone of leading words?

	How do short tunes (xiaoling 小令) and long tunes (changdiao 長調) differ in terms of line length and prosodic patterns?



To resolve the problems mentioned above, a new database for Tang and Song Versification is under construction. The database consists of the following functions:


	Corrected texts and full-text search of over 57,000 Tang poems, 254,000 Song poems, 2,700 ci lyrics of the Tang and the Five Dynasties and Ten Kingdoms Periods, and 21,000 ci lyrics of the Song Dynasty. Ci lyrics found in Dunhuang manuscripts are also included. Poems that are duplicated (chongchu 重出) or have authorship wrongly assigned (cunmu 存目) are given ID numbers separately, along with their page numbers in Quan Tangwudai Ci and Quan Songci as references.

	Prosodic patterns, line length, and position of new stanzas are simultaneously displayed along with the poems. Prosodic patterns are generated in two different formats: (1) level and deflected tones (pingze 平仄); (2) the four tones of Middle Chinese. For ci lyrics, the prosodic patterns are further converted to the symbols adopted by Wang Li 王力 (Wang 1958), e.g. 4A=仄仄平平, 4A’=平仄平平, and 4X =4A or 4A’. Search for specific prosodic patterns is also available (e.g. cipai that includes a line with the pattern 平仄平平仄仄). As ID numbers are assigned to all poems and lyrics in chronological order, it is convenient to check the time of emergence of a particular tune or prosodic pattern.

	Search results include hyperlinks that lead to a page specialised for the name of tunes. Information from indices such as Shiyu Tupu 詩餘圖譜, Xiaoyu Pu 嘯餘譜, Cilü, Qinding Cipu, as well as the alternative names recorded in Wu and Wu (2015). Figure 14.18 shows the particulars of the tune Yangzhou Man 揚州慢: it has an alternative name Langzhou Man 朗州慢 that does not appear in Quantang Wudai Ci and Quansong Ci; it has four variants with 3, 2, 1, and 1 entries respectively.


[image: An exhibit depicts a screen with text written in foreign language.]
Figure 14.18 Variations of Yangzhou Man (partial screenshot).


	The search results can be retrieved in.tsv or.xlsx file for further analysis. As an example, all 43 ci lyrics written by Liu Yong 柳永 with the pattern “4，4，6。” are displayed in Figure 14.19.


[image: An exhibit depicts a screen with lyrics written in a foreign language.]
Figure 14.19 Liu Yong’s ci lyrics with “4，4，6。” pattern (partial screenshot).


[image: An exhibit depicts a screen with text in a foreign language.]
Figure 14.20 Display of tonal values (partial screenshot).


	Rhyme scheme and rhyme distance (i.e. number of characters between two rhymes) of ci lyrics. Biographical data (year of birth and death, alias, basic affiliation etc.) of poets is also provided for the investigation of dialectal features shown in the poets’ rhyming.

	Memo page for the administrator and user to provide feedback and errata. Despite the administrator’s painstaking effort to prepare error-free e-texts, misprints, and inaccurate readings in Quan Songci, especially wrong punctuation and assignment of stanza, are often found throughout the testing processes. By reloading the data files, entries are simultaneously re-modified to achieve higher accuracy. Thus many scholars use the database, the more accurate it will become. Moreover, scholars can share their latest findings as remarks, which foster collaborative research.



The display of tonal values for characters with multiple readings is a perplexing issue, and currently, the administrator has no perfect solution. Other systems such as Souyun only illustrate such cases with the character “Zhong” (中, “neutral”), making no further judgement of their readings. Apparently, the expression “平平中仄平” can potentially refer to both “平平仄仄平” and “平平平仄平”, causing confusion in the search results of prosodic patterns. Song and Zhang also admitted that manual adjustment on wrong tones, tones absent from the database, and multiple readings are needed after their software generates the outcomes (Song and Zhang 2015:48). What is more confusing is that the reading of characters is not a one-to-one relationship: given the same lexical meaning, different tones of the same character may still be adopted by different poets according to their own preference and prosodic needs. An example of this phenomenon is the character “yang 颺” meaning “to float, to flutter” (Table 14.4).



Table 14.4 Examples of alternative pronunciations of the character “yang” in Quan Tangshi


	Level tone
	Deflected tone





	盛時易徂謝，浩思坐飄颺。

(Wei Yingwu韋應物)

	鳴雨既過漸細微，映空搖颺如絲飛。

(Du Fu)




	飄颺南陌起東鄰，漠漠濛濛暗度春。

(Liu Yuxi劉禹錫)

	風颺檀煙銷篆印，日移松影過禪牀。

(Wen Tingyun溫庭筠)




	颭若荷珠亂，紛如爝火颺。

(Xu Xuan徐鉉)

	今日鬢絲禪榻畔，茶煙輕颺落花風。

(Du Mu杜牧)







As it is impractical to prepare a complete list of multiple readings along with the preferences of different poets, the administrator has manually assigned a default pronunciation to each of these characters with multiple readings, which is marked in red. The explanation of the characters from Guangyun 廣韻 is also provided for users’ reference so that they can amend inaccurate readings for re-generation of search results. Alternative references to rhyming such as Pingshui yun 平水韻 and Cilin Zhengyun 詞林正韻 are also included (Figure 4.20).

With the aid of the database, Siu and Chau (in press) re-analysed 625 pentasyllabic poems and 150 heptasyllabic poems written by Du Fu into six different periods, attempting to re-evaluate Du Fu’s level of observance of the ABA and xy systems discovered by Downer and Graham (1963). While Du Fu’s observance of the ABA system reaches its peak in the third period (760–762), followed by the three periods of new prosodic experiments that violate the ABA system. Du Fu’s new prosodic experiments of the xy system did not commence until the fourth period (763–766) when deviant forms and yy-xx patterns are deliberately and skilfully used, while the underdeveloped xy system found before the fourth period resembles the prosody of High Tang. As Du arrived at Chengdu 成都 and led a relatively peaceful life, the need for adopting deviant forms to express his emotional entanglements decreased drastically. The prosodic difference of Du’s pentasyllabic and heptasyllabic poems, and distribution of various deviant forms, are fully discussed based on the dataset.

It is hoped that the database will serve as a sustainable tool for both poetry writing and versification studies. Yet, it is still in the course of construction and testing, and further modification of functions is required. This includes the display of tone and prosodic pattern, analysis of variant forms, comparison of variant forms among ci indices, and cross-referencing of biographic data (e.g. the CBDB). In the long run, the database will help promote interdisciplinary research by including musical scores of ci and qu lyrics. For example, musical scores and dance notation (wupu 舞譜) in Dunhuang manuscripts, Gagaku 雅楽 scores in Japan, and scores of kunqu 崑曲 opera will be incorporated to foster comparative studies of versification among different genres.

In the realm of Classical Chinese literature, the application of digital humanities is still in its infancy. Due to limited familiarity with disciplines like Python and statistics, collaborative and interdisciplinary research remains relatively underdeveloped. This has restricted the advancement of digital humanities and, in some cases, led to an overreliance on coders. Regrettably, not all the scholars of Classical Chinese literature can fully grasp the potential of digital humanities, while graduate students employing digital humanities for research may not receive full recognition from examiners for their efforts in coding and methodology innovation. Even with an abundance of electronic texts, previous research primarily focused on discussing methodologies, without giving due consideration to the accuracy of the texts. As pointed out by Liu et al. (2018), it is presently beyond their “current capacity to make sure that the contents are perfectly authentic”. Tsai (2019a, 2019b) statistical analyses of poetic metrics also did not account for variant texts, which to some extent has hindered the integration of digital humanities with traditional scholarship. However, due to a limited understanding within the academic community and a lack of independent verification capabilities, researchers are often left with no choice but to unilaterally accept these statistical findings. Therefore, providing accurate electronic texts, or at least ones that can be promptly corrected, becomes crucial, and the database for Tang and Song Versification represents an initial response to these challenges. Nonetheless, the advancement of digital humanities does not imply that researchers can devote less time to reading texts. Errors in word segmentation and data misinterpretation resulting from coding can further test scholars’ diligence. The rise of digital humanities serves not to replace traditional research, but rather to question the true value that scholars of classical Chinese literature bring to the table.




Note

	Refer to Liu and Wang (2012:118–122) for a list of most commonly used tunes in the Song Dynasty. While they have taken alternative names into account, the statistics are different from what was generated from the author’s database.
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Introduction

This text investigates duration as a fundamental aspect of the musical listening experience. Duration is not normally understood as a perceptual attribute to music that is on par with the four that are generally accepted as such: loudness, pitch, timbre, and (sonic) space. The definitions of the four are not settled (and perhaps never will be), especially in regard to timbre (Houtsma 1997; McAdams & Giordano 2009). Pragmatically, however, they can be ‘reverse engineered’ and used as dimensions to generate parameters of various kinds, with which we compose music or design sound. Hence, if we want to explore the full range of compositional possibilities within the perceptual canvas, we must get a grasp on the extremes of these dimensions. Let us briefly review pitch, loudness, space, and timbre, before probing the notion of duration and how it might be used as a generative dimension of musical composition.

The liminal conditions for human loudness and pitch perception are rather well known. An acoustic pressure wave too intense might cause physical injury or death, while one that is too faint does not, from a phenomenological perspective, exist in the world of the listener, i.e. the soundscape. Neither do sounds that are a too low or too high in pitch. Sounds that are at the borderline of perception (or pain) can be said to represent the extremes of these two dimensions. As for space, or more precisely the spatial attributes of source perception, the most important ones are direction and distance. Note that hearing is naturally omnidirectional (while ocular vision only covers approximately a ninth of the spherical environment, without eye or body movements). While there are no ‘extreme directions’ in space, the frontal azimuthal region is privileged in human hearing. Distance, however, does have a liminal extreme that interacts with loudness: in any acoustic space, there is a ‘border’ (which envelops the listener in three dimensions of space) beyond which the source sound cannot be heard by the listener, as its sound is dispersed in the acoustic medium (e.g. air) and attenuated below the minimal sound intensity level. As for the extremes of timbre, there are multiple properties that interact with the three other dimensions, especially pitch and loudness. We might simply note that there are two extremes of timbral informational content, represented by a maximally predictable sinusoïdal wave and white noise, which is maximally unpredictable.

It must be noted in this preamble that no reference to time or duration has been made so far, even though each of the four main attributes depends on a sonic object possessing duration in order for it to be perceived. Pitch, loudness, timbre, and (sonic) space do not exist by themselves ‘outside-time’ (Xenakis 1994), but only function as attributes to sonic objects, which may be dynamic and developing in time, or which might indeed exist merely as a potential (an ideal state), statically and outside of the flow of time. This is well known from phenomenology. But what about the possibility of understanding duration itself as an attribute to a sonic object? From the compositional ‘reversed’ perspective, duration is immediately and directly present as a dimension that can be deployed in multifarious ways: sonic objects can be designed to play at a given moment in time, or within a time span; sounds can be manipulated to fill a longer or shorter duration; the durational transformation of sonic objects can be made to represent the passing of time itself. To establish what we mean by ‘extremes of musical duration’, we need to tackle conventional notions of what music is. Therefore, this investigation commences with a review of music pieces that can be considered ‘very long’ or ‘very short’, and present an initial analysis of what it is that enables a sonic object possessing ‘extreme duration’ (long or short) to be heard as a piece of music.

Clearly, duration matters. Composers spend considerable effort to assure that it is ‘just right’. Pierre Schaeffer wrote in his Traité des objets musicaux (1966) that sounds cannot be ‘too short’, because “the ear cannot apprehend form, too quickly designed to be perceived… only a single event is perceived” (p. 253, my translation). At the same time, sounds cannot be ‘too long’, since “a kind of auditory screen cuts the sound into ‘slices’, in near-identical portions… the long sounds [are] too similar to themselves… [too little novelty, or too much continuity]: it’s noise” (p. 254). A review of the repertory has identified works of extreme durations: from the very long to the very short. In what follows, we focus on music that pushes the limits of conventions, largely tagged as ‘experimental’ or ‘research music’. (Pop song authors are also concerned with duration, though commercial works typically have durations within a much narrower time frame than experimental works). Some compositions build on previous work, as in the composition of meta-works or derivative works. What happens when an existing work is lengthened or shortened? Where is the breaking point? What transformational forces can be applied to an appropriated piece of music, such as changing its duration, before the structural integrity of the composition breaks down, and – possibly – a new work emerges, one that is derived from knowledge of established experiences subjected to novel processes of temporal adjustment.

We introduce five perceptual constructs to discuss how duration affects the ontology of musical works. For very long musical pieces, we posit that the defining concepts are continuity, slowness, and repetition; and for very short pieces, they are recognisability and specificity. Other analytical concepts have been borrowed from other fields and will be discussed further below. For example, the perspectives of ubiquity and metabole (Augoyard & Torgue 1995) give rise to the question of how sound events emerge in the mind, and how the perception of single events relate to the perception of the soundscape as a whole (Lindborg 2015b; 2016). In a case study, we show that the principle allowing a serendipitous connection between two works, very long and very short, respectively, is the overarching concept of iconicity: an extrinsic quality enabled by technologies of appropriation.



The Omnipresent Soundscape

R Murray Schafer advanced that the ‘soundscape of the world’ is a “macrocosmic musical composition” (Schafer 1977, p. 5). His idea is that ever since there was a listener – a soundscape consists of acoustic events that are heard – the ‘world soundscape’ has been playing: here, there, and everywhere. If the world can be listened to and understood as music, it is the longest piece that could ever exist; it is continuous, changing, and it is currently being performed. Before the advent of sound recording and playback technologies, specific pieces were created purposefully and listened to deliberately. If someone wanted music for their wedding, they hired a fiddler. Today, music is available 24/7, for example via radio broadcasts or the Internet. We may retain a feeling of deliberate listening by isolating ourselves acoustically with an individually curated playlist, presented via earbuds from a mobile device. Or, we may engage in experiencing the indeterminacy of the global village and expose ourselves to quasi-continuously varying auditory displays simply by moving between different public spaces in the soundscape of a city.

Where there is commercial activity, such as retail shops or restaurants, we are dealing with a servicescape (Bitner 1992), a complex environment that is constructed partially by sonic design elements such as moozak (Truax 1978/1999). In a previous project, the author suggested a typology of acoustic design elements, especially for restaurants (Lindborg 2015a, p. 49). With globalised sound reproduction technologies and content generation, the soundscapes from distant urban areas approach similitude: for example, the servicescape experience of clothes shopping sounds very much the same regardless of whether you are in Myeong-dong, Marina Bay Sands, or Montbéliard. As we have no earlids, the continuous acoustic stimulation of eardrums and the rest of our body massages us completely (Fiore & McLuhan 1967). The sonic character of the cityscape, fuelled as it is by commercialism, has been likened to torture techniques reported from “military bases… hidden around the globe where 24/7 high-intensity lighting and loud amplified music are the conditions of an excruciating reality of enhanced interrogation” (Cusick 2008).

The acoustical continuity of physical space is accompanied by a perception of environments as more homogenised, less differentiable, and less like ‘places’ (Augé 1995). Regardless of whether your soundscape is mediated via earbuds or shopping mall loudspeakers, technology drives the development towards a weakly articulated acoustic environment, with more loosely cross-modal attachment between physical objects, materialising sound indices (Chion 1994), visual displays, and actions. These components become essentially ubiquitous and metabolic (Amphoux 2003; the terms refer to space and time, respectively); that is, they are both spatially and temporally under-defined (Lindborg 2015b). Omnipresent moozak is both an agent and an outcome of “the expanding, nonstop life-world of ‘late capitalism’” (Crary 2013). In response to the forces of homogenisation, many people seek to personalise their sonic experience using earbuds and mobile devices. Thus equipped, the soundscape they perceive is an ‘extended reality’, or ‘hybrid reality’ in that it merges multiple audio streams, such as external city noises and signals, spoken communication, and music from a playlist – especially while sharing one of the two earbuds with a friend. If the soundscape of the world is semi-designed, consisting of both highly adapted, precise acoustic events, and left-over noises (Lindborg 2015b), does this level of agency qualify the listener-consumer as a co-composer, as Schafer would suggest, of a ‘macrocosmic, infinite work of music’?


Unified Time Structure of Music

Karlheinz Stockhausen introduced a “basic concept of a single, unified musical time”. Conceptual categories, he said, “such as color, harmony and rhythm, dynamics, and ‘form’, must be regarded as corresponding to the different components of this unified time” (Stockhausen & Barkin 1962, p. 42). When expressed on a logarithmic scale, measurements of duration are more intuitive to us. Stockhausen claimed that pitch, rhythm, phrase, and form are connected through the concept of periodicity. We are used to thinking of pitches in different octaves, but the duration of pieces can also be expressed in terms of octaves. Specifically, the longer periodicities that lend form to whole pieces, vary “according to the fixed perspective of our tradition… between dimensions of around one minute and ninety minutes. This corresponds to 1, 2, 4, 8, 16, 32, 64, 128 – a range of seven octaves” (Stockhausen 1971). Most fundamentally, the continuum of acoustic sound depends on physical intensity; “the listening dimensions timbre, pitch height, pulse and movement are different temporal sub-areas, segregated from the total energy spectrum of the physical intensity continuum by the processes of auditory perception” (Christensen 1996).

The unified time structuring of periodicities can be significantly expanded, well beyond what is humanly graspable (Roads 2004, pp. 3–6). In his analysis, all acoustic phenomena are integrated through time, from infinitely long (and old) waves of movement, to infinitesimally short (and fast-lived) physical vibrations that approach the theoretical limits of our current understanding of time and space. This perspective lays out the physical domain of duration, but the perceptual problem remains unaddressed. The unified time structure is clearly not perceptually continuous, because we biologically perceive pitch as phenomenologically different from iterated impulses, and we are individually and culturally conditioned to think musical duration in relation to how language is produced – breathing, tongue movements, body gestures, and so forth. As it turns out, the history of music technology, especially the invention of recorded and reproduced sound, highlights the existence of phenomenologically different types of duration. Technology has allowed composers to explore both phase transitions (such as the transition from iterated pulses to pitched continuous sound) and durational extremes, which are the focus areas of the present text. In what follows, five musical concepts – continuity, slowness, repetition, recognisability, and specificity – lead into two overarching and general concepts – appropriation and iconicity – to form an analytical lens model allowing us to investigate the problem of duration. See Figure 15.1 for an illustration. While referring to several works, we focus the reflection upon two pieces of music and what connects them. One piece is ‘very long’: 9 Beet Stretch by Leif Inge (2002); and the other is ‘very short’: the last portion of the Complete Beethoven Symphonies in Johannes Kreidler’s Compression Sound Art (2009). Both are examples of derived works, or meta-compositions, with appropriation as the fundamental technique and aesthetic. Figure 15.2 indicates the temporal proportions between the pieces by Inge and Kreidler, in relation to the recording by Béla Drahos and Esterházy Sinfonia of Beethoven’s Ninth Symphony, released on Naxos, which Inge and Vinjar used to produce a stretched-out derivative meta-composition.


[image: An exhibit depicts a model indicating the relationship between the duration and appropriation and iconicity.]
Figure 15.1 Lens model illustrating the relationship between the analytical concepts employed in this chapter.


[image: An exhibit depicts the temporal proportions between the Inge, Beethoven, and Kreidler.]
Figure 15.2 Temporal proportions between the main two pieces discussed in the present paper: 9 Beet Stretch (Inge 2002, realised by Vinjar in 2004) and Complete Beethoven Symphonies, in Compression Sound Art (Kreidler 2009), connected via Ninth Symphony (Beethoven 1824; recording by Drahos and Esterházy Sinfonia released on Naxos 1997).




Very Long

Music of very long duration is normal in the context of rites as old as humankind itself. Compositional genres such as nohgaku (or Wagnerian opera cycles) stylise such rites into coded cultural events. Other genres of music deploy over many hours in a ritualistic setting, such as techno at a club for dancing. Long-lasting experiences such as these have a special attraction to many people, and they cannot be said to be ‘experimental’ in the sense that they challenge cultural codes and would thereby have to retreat from becoming part of the mainstream consumption of music. So let us review experimental works first, and take note of how they are characterised by continuity, slowness, and repetition.



Continuity

Because we are biological creatures, any process that is long enough tends to be perceptually broken down into segments. While the sense of hearing is active ‘24/7’ and commences well before birth (as early as the 16th week of gestation; see Marx & Nagy 2015), there are psychological constraints to our listening attention – sooner or later, the mind wanders – and a physiological limit to staying awake. We can hear when asleep, but not listen.

The perspectives of ubiquity and metabole (Augoyard & Torgue 1995) give rise to the question of how sound events emerge in the mind of a listener, and how the perception of single events relate to the perception of the soundscape as a whole (Lindborg 2015b). The question that needs to be addressed in the present context of long compositions is this: When is a piece of music one? What allows an acoustic stream to be perceived as a single sound event, as a continuous, self-contained, and integral entity. We must agree that it is not immediately dependent on duration; an extended sonic experience may be perceived as unitary. But musical fabric is fragile. The perception of continuity is torn by the passing of time. When does perceived one-ness break down, and the event transforms in the listening mind into a loosely connected series or grouping? At the timescale of the very short (and despite the trained efforts of reduced listening), there appears to be a frontline where a phase transition inevitably happens: when a sound event fractures into a complex sound object, such as a mixture (Schaeffer 1966; Roads 2004, pp. 18–20). At a longer timescale, Stockhausen’s Momente (1962–1972) puts the same principle at play. In a nod to classical movements, the ‘moments’ are separated by calm, near-silent hiatuses. Compositionally, the in-between moments are simply short segments of unstructured performer non-activity (as in, there are no specific instructions, only the absence of instructions), resulting in relative ‘silence’. This is exactly what facilitates large-scale perceptual clustering (Augoyard & Torgue 1995). Connecting works that have started a long time ago and those starting today and might play on into the future, the ‘long now’ (Eno 2004), is the subjective perception of a plastic and extended time instant.



Slowness

Not all works of long duration contain slow music but most do. A work such as Sorabji’s Opus Clavicembalisticum (1930; Huisman et al. 2017) is described by a set of instructions: it is a score, in the classical sense. Fully composed and with a total duration of more than four hours (in the few recordings available), the density of notes is occasionally very high, which might make the music be perceived as having a relatively fast speed. Conversely, La Monte Young’s The Well-Tuned Piano (1974; Sharp 2019), of similar overall duration, has generally a much lower density of notes, and is perceived as being much slower. John Cage’s score for ORGAN²/ASLSP (1987) contains 65 actions, such as changing chords. The tempo instruction is “as slowly as possible”: the composer avoided chronometric specificity. Therefore, the set of instructions (score) for this piece represent a musical structure that, in a sense, exists ‘outside of time’ (Xenakis 1994). As a result, performances of the piece have had vastly differing duration. The longest is currently ongoing in a German church and has a target duration of 639 years, the same as the age of the building at the point in time when the piece was commenced (Vogl 2005). Foreshadowing the discussion that follows, since this interpretation employs an actual pipe organ, the attack portion of tones is intact, and only the body of the sound is stretched. Thereby each musical tone retains recognisability, and “allows for listening associations to be savoured, along with the inherent musicality of its constituent harmonics” (Truax 2001).

Looking for a moment towards video art, “24 Hour Psycho” (Gordon 1993), is an experimental video, i.e. an image stream with no sound. It appropriates Alfred Hitchcock’s film by presenting it at a slow frame rate (∼2 Hz), so that the resulting duration becomes exactly 24 hours. In this version, no attempt is made to create original and additional material; Hitchcock’s frames are simply presented more sparsely. Therefore, it is hardly an original work, but rather an extreme interpretation of half of an existing œuvre (only the video, since the audio was excised from the movie). In contrast, consider Leif Inge’s 9 Beet Stretch, which also has a duration of 24 hours. It is a stretched-out interpretation of Beethoven’s Ninth Symphony that “maintains all the pitches of the original”, this long duration is enabled by techniques of granular synthesis, with grain size and density carefully adjusted to the character of the music in different parts of the source recording. Continuous and minimally transformed interpolations of the original audio material effectively creates novelty: a slow, stretched-out, and original work of music. The current and widely referred version of the work was realised – one might say, constructed – by Anders Vinjar in 2004. The technique of granular synthesis, with grain size and density carefully adjusted to the character of the music in different parts of the source recording, and by this addition, repetition, and interpolation of audio material, novel sonic materials are effectively created. Inge gave the single conceptual instruction as follows:

A recording of Ludwig van Beethoven’s 9th symphony is to be stretched to 1 day -24 hours - with no pitch distortion. For concerts or installation, use either supplied material or augment any full length digital recording of Beethoven’s 9th symphony. As the length of the source recordings varies, so will the ratio of the augmentation vary to reach the full 24 hours length. With a partial performance, the performed part must be augmented with the same ratio as would the whole recording. There is a version for 9 Beet Stretch for each recording available of Beethovens [sic] 9th symphony. If there for any reason is hard to obtain a copy of Beethoven’s 9th symphony, please use Wolfgang Amadeus Mozart’s Requiem.

(Inge’s score)



Obviously, the technique of time stretching applied this way creates the perception of a music that is slow, compared with what we know as the original source material.



Repetition

Working with turntables and records, Pierre Schaeffer became fascinated by the “particular phenomenon” of repetition, and wrote that “it is imperative to have lived such moments… to find this fervour of listening, this feverish process of discovery” (Schaeffer 1966, p. 33, my translation). The force of repetition made him distinguish the sound as a musical object, a perceptual structure separated from its physical-material cause. This phenomenological notion is useful and fundamental, since “in fact, we do not perceive objects but structures which allow us to identify objects” (p. 33). Through repetition, there is no more a sonic event, and “sound, imprisoned within the magnetic tape then repeated indefinitely while staying always the same, separates itself from any context, and lets itself be discovered through novel perceptual perspectives” (p. 33). Through repetition, sound is abstracted and can potentially become music. As Brian Kane puts it, “repetition musicalizes the sound fragment by removing the dramatic and anecdotal traces of its original causal context” (Kane 2014). We may compare Schaeffer’s experiment with that of Eric Satie in his conceptual composition “Vexations” (written around 1894, but the score was only printed in 1949, more than two decades after the composer’s death, and the piece was first performed in 1963). Satie created a piece of very long duration by having the pianist repeat a simple four-line segment hundreds of times. Hence the musical composition becomes extreme because of multiple repetitions at the formal level. In a similar spirit, Schaeffer exploited turntables as a tool to train his listening abilities. Linking repetition with (sonic) continuity, it seems that a truly long piece of music must be continuous in the sense that there are no segments of non-activity. This principle has been explored by the Freq-Out collective of sound artists (Hauswolff et al. 2003–) in a series of more than a dozen large physical sound installations based on the recombination of fragments in semi-controlled ways, yielding music ambiences of very long (quasi-infinite) duration – in fact, these installations are duration-less. A work that is similar on the surface but by contrast has a duration is Jem Finer’s Longplayer (2000). It is a piece of computer music that controls how 234 Tibetan bowls are struck (or played back as samples in a version where a computer performs the piece automatically) in a number of specific temporal variations. The total duration is exactly 1000 years. Having exhausted all combinations, the piece might truly end, or indeed, start again, and repeat.

Such pieces are enabled – one might even say that they are provoked – by music technology. If technologies of recording and reproduction of sound have come to dominate natural perception of duration, they may even dominate life itself. Yet the long (24 hours) and repeated (daily) online streaming of 9 Beet Stretch in fact connects the machine-like with the biological, and enables an “aesthetic suspension of time [that] is in fact not incompatible with the scale of human experience, but on the contrary constitutes precisely the ceaseless, (a)temporal environment in which we currently live” (Dittrich 2017).



Very Short

Pieces of extremely short duration risk being submerged in the flux of longer, more dominant sonic structures. A single sound may stand out, though it is not the sound itself that pertains to things in the world, but rather, we understand sound, by default, as evidence of action. Ecological listening is innate: we spontaneously attribute auditory phenomena to causal actions (Chion & Gorbman 2009 p. 471; see also Tuuri & Eerola 2012; Lindborg 2016, 2019).


Synechdoche is the basis of perceptive selection… the faculty of a sound to stand out from the whole, and be understood as an event… It emphasises the permanence of the attributed source [and makes it] more likely to be remembered. Synechdoche organises the perception of time and enables the experience of duration.

(Augoyard & Torgue 2006, pp. 124–125)



In the foreword, Schafer wrote that

synechdoche forms part of what relates the individual to his or her environment and… refers us to Pierre Schaeffer’s “oreille primitive” [primal ear; causal listening], the ear of the first humans, constantly on the alert in a potentially dangerous natural environment of storms and wild animals.

(op. cit.)



The creation of short pieces of music places special demands on their compositional economy of means. In what follows, we will argue that what makes a sound that is ‘very short’ stand out and yet retain a level of compositional integrity is its sonic recognisability and specificity.


Recognisability

Musical miniatures were popular among classical composers. Beethoven’s “Bagatellen” is one example out of many that features a series of relatively short pieces. It can be noted that they were unusual in two ways: firstly, in that they did not rely so much on inherited schemes (often popular dances and ditties), but instead offered a space for experiments in musical form, and secondly, in that some of the miniatures are extremely short, down to eight measures. While composers such as Richard Wagner and Havergal Brian made works of very long durations, Anton Webern, surely as a response, specialised in condensation of musical material. We hear this, for example, in his Drei kleine Stücke Op. 11, for cello and piano (1914); the second piece has a duration of only 25 seconds. Yet the musical gestures and sonic material are fully recognisable, and identify with the grand tradition of romantic-classical European music. Having a kindred romantic spirit, albeit more rough-edged, we find the shortest piece of music released as a commercial single: You suffer by Napalm Death (1987). This is a song labelled as grindcore, consisting of a single explosive gesture, performed by the three men band. The gesture is immediately recognisable in that it distils micro-elements that define the genre it operates within, and entirely refers to. In this sense, like Webern, it is a human-enabled compression of human-perceivable musical structures.

Going beyond the human, relaying on technology and going towards machine art, Johannes Kreidler has made experiments with extreme time compression, proposing what he terms a ‘near-vertical music’. One such experiment is the Complete Beethoven symphonies, played in one second. Kreidler (2009) states that in the change in temporal scale “form becomes a detail” and that “the ideal of compression is, on the one hand, to save all important information”. This is clearly not possible, neither from the perspective of digital compression technologies, because physical formats have limited bandwidth, or perceptually, because listeners cannot ‘un-stretch’ these near-vertical pieces so as to recuperate the original. Comfortingly, Kreidler assures us that the purpose is “to reduce it to a handy size”. With this tongue-in-cheek listening instruction in mind, we might grasp, at the very end of that one second, and upon repeated listening, the distinct sound of voices, emanating from a lossy compression of Beethoven’s Ninth Symphony. In this sense, Kreidler’s pieces explore the borderline between recognisability and machine art.

Hegel comes to mind: he defined a musical tone as “ein Daseyn, das verschwindet, indem es ist” – an existence that disappears as it comes into being (Hegel 1817, quoted in Rehding 2015). Mathematically, Kreidler’s concept could be pushed all the way to reducing the ‘soundscape of the world’ to a Dirac impulse, represented digitally as a single click: a swift-as-can-be displacement of the loudspeaker cone, producing a single propagating wavefront. In 2000, James Whitehead a.k.a. JLIAT defined Still Life #6: The shortest piece of music, which was released as a single sample on a CD (Whitehead 2014). On a journey to the Ultima Thule of brevity, the conceptual sound has lost all recognisability. Similar to the ‘world soundscape’, this single ‘click’ denotes nothing beyond itself and thus does not possess the attribute of recognisability.

Recall Schaeffer’s admonition that sounds cannot be ‘too short’ in the mind of the listener, lest they lose all connection with a perception-based empirical understanding of the world. Just like there are ‘pitches’ outside the range of human hearing (e.g. their fundamental frequency is too high), there are ‘durations’ outside the range where we hear them as [potentially] musical. Kreidler’s Compression Sound Art series stays true to a musical heritage. From a point of view of perception and cognition, and as far as idea-based sound art goes, the series constitutes a point of reference. In order to convey the musical humour in his miniatures, Kreidler offers – which is essential – explanatory text labels or visual images. Their interest lies in the way a technical procedure alters our perception of popular icons of sound and music. Just like Magritte, who simultaneously paints a flying pipe and curly text to remind us that ceci n’est pas une pipe, Kreidler plays us a lossy-compressed musical icon and tells the listener that ‘this isn’t the music’. The subject matters that connect with popular culture are perhaps made ‘because we can’. Consider Cutler’s (2016) claim that “the old idea of originality in production has given way to… originality in consumption, in hearing”.




Specificity

Since Schafer referred to the ‘soundscape of the world’ as a musical composition, to which we all contribute, it qualifies as both the ‘largest’ and ‘longest’ of musical works. Clearly, it does not have an identifiable author, but this is a minor issue. More important is to recognise that this universal soundscape cannot represent anything but itself; therefore, as a representation, it is simply too ‘large’ to be specific. Probably, it is also too long in duration, but the jury is out on that one.

Inge’s 9 Beet Stretch is remarkable for at least two reasons: “[firstly,] its insistence on a fixed, if radically extended, performance time, and [secondly,] its explicit reintroduction of classical European musical content into the field of experimental music and sound art” (Dittrich 2017). The listening experiments that Pierre Schaeffer made in the late 1940s led him to formulate a theory of sound perception, where a differentiation of listening modes is fundamental. While time compression of a sound invites semantic listening, time stretching of the same sound invites reduced listening (see Lindborg 2019 for a discussion of listening modes). While compression points outwards, to the connotations that we perceive in a sound, the extenuation of a sound into a tone, a drone, a texture, draws our attention inwards, to the sound itself.

When specifying events within a large musical structure, we may compare with the experimentation that was part of the Fluxus movement. In this context, Douglas Kahn notes that, for the Fluxus composers, long durations revealed that

any single sound contain[s] exceedingly complex processes of production, of internal configuration: that a single sound’s interaction with corporeal and environmental space transform[s] it from one moment to the next; and, therefore, that a simple musical structure of repetition or sustainment [is] not simple at all.

(Kahn 1993)



It is possible to increase the lossy compression of data so that eventually, when it is extreme, the perceptual linkage between input and output is severed. In the case of very short pieces, Kreidler’s ‘compression art’ balances at the edge of recognisability in order to remain specifically connected with the original. But the problem of specificity reappears also at the other end of extreme duration. As the musical structures of a piece of music are drawn out in time, their specificity decreases, until the relevant connotation disappears entirely; at the extreme, there is only the ubiquitous metabolic drone. Luckily, through this process of lengthening, other qualities are gained, or rather, they are gradually revealed. Alexander Rehding (2015) writes that “as the tempo of the music slows down, the previously inaudible dissonances automatically move to the centre of our attention. The liminal deceleration of the music cannot help but bring the details into focus”. This analysis is apt for 9 Beet Stretch, or similar meta-compositions. However, Schafer’s ‘universal soundscape composition’ cannot be time-stretched, and it cannot be made to represent anything but itself. This makes for the observation that

in a stretched audio world, we can hear the very material conditions of hearing itself.…What if we had more time for listening to music while we were in in fact already listening to music? What if we could adjust the ratio of aesthetic time to empirical time in a piece of music so that we could more substantively integrate the time of our musical reflection into the actual empirical time of listening?

(Dittrich 2017)



This question points to the intriguing possibility of the listener actively gaining different musical perspectives when aided by a time dilatation technology, such as the ‘playback speed’ on YouTube and other streaming sites. Furthermore, Dittrich claims that “the relentless continuity of a 24/7 work like the 9 Beet Stretch indicates a world that radically denies the possibility of fragmentation, cessation, and release from its otherwise unendurable duration”. But this position is not tenable from a phenomenological point of listening, because the specificity of the reference cannot be maintained at temporal extremes.



The Case of Beethoven’s Ninth

After having considered, albeit briefly, the essential aspects of long and short music, I will make three claims. Firstly, that Leif Inge’s 9 Beet Stretch is not a piece of “24/7” music, as has been claimed by Dittrich (2017). Secondly that Kreidler’s Compression Sound Art, specifically the ‘Beethoven symphonies in one second’, deals not with compression but with lossy compression – an important distinction. Thirdly, I claim that a listening-based understanding of Inge’s and Kreidler’s re-interpretations of the Ninth Symphony depends crucially on the cultural status of the source material. Listening to these works, as well as to other works of extreme duration (whether short or long), is rewarded when we are allowed to discover linkages with a culturally iconic composition: in this case, Beethoven’s Ninth Symphony. Without this connotation, our interest would be lost. Since Inge’s and Kreidler’s versions are derivative works of art, i.e. interpretations or re-arrangements of existing audio recordings, a final discussion of appropriation (and its shadow, iconicity) offers a key to understanding their respective contributions to music and conceptual sound art.



Appropriation and Iconicity

Does minimal temporal adjustment of an existing copyrighted artwork give rise to a new, original work, or does it remain a derivative work? It is sobering to refer to the ‘Joyce Hatto affair’, arguably the deepest-cutting fraud that music history has known. A recording engineer, William Barrington-Coupe copied and remastered commercial recordings of a number of pianists, and then released them on his own label as independent interpretations by Joyce Hatto, his wife, after her death. To produce an illusion of rare pianistic virtuosity, Barrington used post-production techniques such as digital time stretching and compression (giving an effect of speed and dexterity) and effects (filtering producing a timbrally warmer or more brilliant sound, depending on what is needed and dynamic compression increasing the articulation of tones in sequence). The skilled thief’s meek explanation was that he did this in order to disguise and “improve the original”. The hoax went on for years before it was unravelled (see Lindborg 2007 for a discussion and references).

Born of a kindred spirit but entirely honest in its creative transparency, Leif Inge’s 9 Beet Stretch is an experimental work that forms a counterpoint to Kreidler’s. Both are derivative works, based on recording(s) of Beethoven’s Ninth Symphony. Kreidler, and indeed Inge, both work with existing recordings and transform them to something else and novel. This kind of activity is at the basis of creativity. Yet it is relatively recently that a growing awareness of the technical, psychological, and societal, beyond economic, consequences of appropriation of audio recordings: ‘plunderphonics’ is the term coined by John Oswald. Cutler (2016) writes that plunderphonics, as both an aesthetic and a technique,

radically undermines three of the central pillars of the art music paradigm: originality (because it deals only with copies); individuality (since it speaks only with the voice of others); and copyright (specifically, the breaching of copyright; this is a condition of its very existence).



The slow music of 9 Beet Stretch manages to establish itself as a piece with a specific identity, exactly because it relies on a well-established cultural icon. It is a piece with an exact duration, 24 hours, that we recognise as ‘long’. In order to be perceived as one musical object, there must be silences (relative), both before it and after it. Therefore, it is incorrect to claim that it is ‘a piece of continuous 24/7 music’, even if it may be presented as such (surely an aberration of the composer’s intent). That claim is superficial, since such a presentation can be effectuated with a repeated playback of any audio recording whatsoever, of whatever duration (even extremely short). The musical object that is 9 Beet Stretch is an audio file (or a container of five audio files, i.e. one for each of Beethoven’s five movements). This object is physical: it is the outcome of the composition conceptualised by Inge, technically realised by Vinjar from appropriated material (as intended). The listener is drawn into the materiality of the orchestra and the voices – an imagined reality of the trace of something that did exist. As Dittrich writes,

the piece constantly pushes us away toward a timeless sonic flux, ‘sounds in themselves’ that we may experience variously as sublime, ambient, boring, annoying. The ambivalence of the piece extends to its very duration, in which the immense, otherworldly aesthetics of the stretch meets the mundane tempo of our daily lives, where digital processes operate in and around us ceaselessly, whether we take the time to listen to them, or not.

(2017)



If it is true that “plundered sound carries, above all, the unique ability not just to refer but to be; it offers not just a new means but a new meaning” (Cutler 2016), it implies that when we listen to 9 Beet Stretch, we listen, in fact, to three things at once:


	we hear echoes of Beethoven as a cultural artefact, in the semantic listening mode;

	we experience the sound itself, in the reduced listening mode; and

	we understand the nature of time stretching in and of itself, as a technique for audio processing, in the causal listening mode (cf. Lindborg 2019).



This triple-layered listening experience is entirely enabled by computer technology, since it is physically (near-) impossible to produce the piece using purely acoustic instruments, played by humans. The three layers thus correspond to modes of listening. This perspective is anchored in what Schaeffer distinguished in his turntable experimentations, that

the ear thus functions as an apparatus integrating time in three different ways… Firstly, by attending to the object as it develops without losing track of the time that passes [in-time, semantic]… Secondly, by optimally memorising the object’s overall form in a temporal representation [outside-time, reduced]. Thirdly, by anchoring this form to a start moment in time through a nuanced perception of the attack [in-time, causal].

(Schaeffer (1966, p. 255)



By definition, derivative works only exist as extensions of previously created works, and their force of artistic novelty (if any), depends on their ability to retain a cultural connection with the original. This connection is evident in Kreidler’s collection of ‘compressed cultural icons’. While these are bursts of musical humour, a jolly pêle-mêle of cultural icons, Inge’s piece does not have a comic effect on the listener, but rather draws them in to an embodied mode of listening: much more intense and reduced (in the sense of Schaeffer and Eno) than listening to Beethoven’s original, and ultimately, offering an approach to the transcendental that is grounded in a technologised art appreciation appropriate to the early 21st century.



An Experiment to Find the Durational Midpoint

To better understand how duration can be operationalised on an iconic piece of music, let us make a listening experiment. To start, we note the duration of Inge’s ‘very long’ version of the Ninth (24 hours, i.e. 86,400 seconds), the ‘normal’ length of a performance of Beethoven’s original (here represented by Esterházy’s recording, which is 64 minutes and 54 seconds, i.e. 3,894 seconds), and the duration of Kreidler’s ‘very short’ version (approximately 0.13 seconds; from the available recording on Kreidler’s website, it is hard to judge the exact duration of his version of the Ninth). The durational proportion Inge: Beethoven is approximately 22:1, and that of Beethoven: Kreidler is approximately 30,000:1. We may now make two rather amusing observations. Firstly, if Kreidler’s version is in fact 0.1296001 seconds, then the durational proportion between Inge’s and Kreidler’s versions is 666,666:1. Secondly, if we have a recording of Beethoven’s Ninth that is 68 minutes and 6 seconds, it would be 31,415 times longer than Kreidler’s version: this number is 10,000 × π. Then recall what Stockhausen pointed out, that our perception of duration is logarithmic. We may say that Inge’s version is 4.5 octaves slower than Beethoven’s original, and that Kreidler’s version is 15 octaves faster than Beethoven’s. Since the durational proportion between the two extremes corresponds to approximately 20 octaves, we may define a ‘middle point’ that is 10 octaves faster than the ‘very long’, and 10 octaves slower than the ‘very short’ (the exact ratio of time stretching/compression is 816.4962:1, which corresponds to 9.673302 octaves). This version of the Ninth has a duration of 1 minute and 50 seconds. I layered three sounds: (1) a time compression of Inge’s version, (2) a time-stretch of Kreidler’s version, and (3) an audification of a MIDI file of Beethoven’s Ninth, all three sounds with the exact same duration. The title of this étude in conceptual sound art is Midi van Bee21, and it can be listened to here: http://soundislands.com/midi-van-bee21/.



Conclusion

In this chapter, we have reviewed pieces of extreme durations, that is, ‘very long’ or ‘very short’. We have noted that in comparison with Schafer’s Soundscape of the world, all other musical compositions are shorter, and that Schaeffer warned that sounds can be ‘too short’. An anthropocentric and phenomenological epistemology obliges us to consider human biological processes as the measuring stick when considering, in the first place, what might be called ‘long’ or ‘short’. Thus, physical motion, heart beats, breathing, diurnal patterns, and life spans become points of reference when discussing duration. We have argued that three concepts are of particular importance to ‘very long’ music pieces, namely slowness, continuity, and repetition. Likewise, there are two concepts important for ‘very short’ pieces, namely recognisability and specificity. In the case of Inge’s and Kreidler’s respective versions of Beethoven’s Ninth Symphony, both come out of three things: phenomenological experimentation with analogue technologies that enabled a training in reduced listening, digital technologies enabling re-design of the durational attributes of any given sound, and an aesthetic of appropriation, a technique that has stimulated a radical questioning of the border between replication and reinterpretation. Finally, the five concepts were brought together in a lens model under the overarching concept of iconicity.
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Introduction

Technology is ubiquitous and raises many philosophical questions. What makes something a technological product rather than a naturally occurring object? Can (nonhuman) animals produce technology? (Henceforth, “animal” will be used to denote nonhuman animals.) How should we understand the function(s) of technology? What are technology’s ethical and policy implications? There are different ways of answering these questions. Some views focus on agents’ intentions as necessary for creating technological objects; this ensures that naturally occurring objects are left out; it might also exclude objects produced by animals. On other views, technological products do not require agents’ intentions. This means that animals, including some insects, can produce artifacts analogous to human technology. In this chapter, we cover a wide-reaching landscape of topics regarding how to define technology, its role in science, and how it impacts communities. We hope to show that topics in philosophy and technology are far-reaching, touching on many important ontological, epistemological, ethical, and policy questions.

In the next section, we discuss how to understand technology, distinguishing between technology as practice and technology as product. In the section What Is Technology?, we give an account of artifacts that includes technological products, whether intentionally or non-intentionally produced, by both humans and animals. In the section Artifacts, we characterize what it means for an artifact to be for something—to have a function. In the section The Function of Technology, we turn our attention to the boundary between technology and other stuff, and in the section The Boundary between Technology and Non-technology, we discuss the relation between technology and science. “In the section The Ethics of Technology,” we look into the ethical consequences of technology. Finally, in the section Technology and Public Policy, we discuss technology policies.



What Is Technology?

Sometimes, technology is defined in a narrow sense that requires the application of scientific knowledge, where science is defined, in turn, as the sort of epistemic endeavor made possible by the scientific revolution of the 17th century. This narrow definition is useful in singling out and investigating technology as it developed within Western societies after the 17th century, particularly in combination with the rise of modern capitalism and the industrial revolution. That said, there is a lot of continuity and many similarities between the “scientific revolution” and previous epistemic practices as well as between the technologies made possible by the scientific revolution and the rather sophisticated artifacts that preceded it (and contributed to making it possible). Therefore, we will adopt the common usage of “technology” that applies to artifacts both before and after the scientific revolution. This allows us to also include technologies produced by Indigenous people and traditional societies, which serve many of the same purposes as Western technologies but often in more sustainable and organic ways.

Technology can be seen as either a variety of disparate, somewhat interrelated historical and social phenomena, or a unified phenomenon amenable to a single account (Wartofsky, 1979). If we see technology as unified, there are two notions of technology. The first is technology as practice while the second is technology as product. These two notions complement one another. Technology is traditionally seen as a peculiarly human endeavor. In this section, we will follow tradition—in the next section, we will consider both human and animal artifacts.


Technology as Practice

When technology is seen as practice, technology consists of inventing, designing, engineering, crafting, manufacturing, and using artifacts (Mitcham, 1994). One approach to technology as practice does not seek to define “technology” as such, but rather to link the design and production of technology to certain physical structures that have technical functions (Franssen and Koller, 2016). We will discuss technical functions in the section Artifacts. In this section, we will focus primarily on the central role of design. Designing technology is planning an artifact to serve a purpose. It attempts to bring the world closer to the way that a designer wishes it to be. Technology changes the world to better suit the goals and desires of those who make and use the artifact.

The design process can be approached in different ways. One way is through trial and error, which is sometimes considered the simplest design approach. It is a problem-solving technique that generates new insights and ideas and can lead to the creation of novel technologies. The trial-and-error approach fits the notion that design is a creative process that relies on intuition and reasoning rather than a clearly defined methodology (Suh, 2001). It is often embraced and applauded by modern start-up companies who tout the phrase “fail fast and fail often!” because the process of trying and failing until success is seen as a catalyst for technological innovation and progress. Those who treat the design process as interactive and who develop products as they use them often follow this design paradigm. For example, companies that develop hiking and climbing equipment are often run by hikers and climbers who take prototype designs into the field to test whether they succeed or fail as they are being developed. This process has drawbacks. When trial and error is unsuccessful, the costs can be high. Failing fast and often can lead to high expenses and a delayed production time. So, failing fast and often also requires regular successes to keep the process moving forward.

Some have argued that trial and error should be replaced altogether with a series of steps that take the design from an initial idea to the creation and testing of prototypes, and then to the final product. Suh (2001) develops a view of axiomatic design, which consists of decisions made during the design stage. He argues that we should have a theoretical framework to aid in decision-making during design to avoid the risks involved with trial and error. This framework proposes that, when designing something, two axioms should be followed. The first is to heed the functional requirements, or the design goals. The second is to minimize the information required to produce the design. To do this, the functional requirements of the project—what the product must be able to do—must be articulated into a set of detailed design specifications that need to be met. The requirements are then combined into a blueprint, which is used to generate a prototype, which is then tested to see if it actually meets the requirements. This process can be repeated until the requirements are met. During this process, there is still room for innovation when the designer may develop new tools to achieve a design goal (Suh, 2001, p. 31).

While Suh’s aim was to replace the trial-and-error paradigm of design with a specification of how to make design decisions efficiently, there still remain methodological concerns about the role of decision-making in the design process. Design requires decisions. For good design, decisions should be informed by practical rationality. Now, consider the relationship between practical rationality and the creativity that drives the design process. Creativity generates different options and courses of actions while practical rationality involves making a choice among the available courses of action. The concern arises when we consider the creative process that leads to the generation of different design options. If creativity is unstructured or sloppy, then the available options end up being suboptimal. This leads to a tension between the creativity that generates ideas and the constraints of practical rationality. A tension between creativity and practical rationality can generate a problem similar to design by trial and error: increased expenses and production time.



Technology as Product

Technology as practice leads to the creation of artifacts. Technological products are material objects that come about through a design process and serve one or more functions. There are two main ways to think about functions and technological products. The first considers how technological products interact with the world—how they mediate human experience (e.g., Verbeek and Crease, 2005). This approach evaluates products as good or bad in virtue of how they are used in daily life. The second approach sees technological products as functional objects, whose properties include technical functions. The attribution of functions to technological artifacts entails normative judgments about whether these artifacts perform their functions well or poorly. Whether an artifact performs its functions well or poorly seems to depend on what the product was designed for. Thus, artifacts have a dual nature as designed physical structures that realize intentionality-bearing functions (e.g., Kroes and Meijers, 2006).

As we discuss later, however, the intentions of designers may not be necessary for artifacts to acquire functions. There are some artifacts that have important functional roles to play without having been produced by an intentional process at all. If we want a notion of technology broad enough to include both human and animal artifacts, we need a notion broad enough to include non-human, non-intentionally produced artifacts. In the next section, we will discuss such an inclusive account of artifacts. The difference between these two approaches is that the former evaluates technological products by considering how they are used whereas the latter focuses specifically on the product itself and asks whether it fulfills its function. From here on, we will focus on the latter conception of technology as product.




Artifacts

Technological objects are often just called artifacts. Importantly, there is a difference between ordinary objects, such as pebbles that can be found on a river bank, and artifacts such as guitars. Thus, we need to distinguish objects that count as artifacts from those that do not. To a first approximation, for an object to count as an artifact, it should be made to serve a (practical) purpose. We put it as follows:

Artifact: Object made for a purpose.



In the section Artifacts, we develop an account of the teleological function that details what it means for an artifact to have a purpose. For now, a purpose is a state of the world pursued by one or more organisms. For an object to be made for a purpose, in the relevant sense, it cannot be made solely by naturally occurring processes that have nothing to do with the pursuit of such a purpose. Rocks in rivers, over time, are naturally tumbled to be smooth and round so that they work nicely as paperweights on a desk, but they were not made to be paperweights. To rule out naturally occurring ways of making objects, we demand that, to count as artifacts, objects be made by organisms.

Organisms make a lot of stuff within their own bodies, ranging from organs built during development to hormones and other metabolic products. None of these should count as artifacts. To count as an artifact, an object should be external to its maker(s) and such that, under appropriate conditions, it can be used to serve its purpose.

Even so, objects external to organisms can be produced by accident or as a byproduct. Material scraps produced from leather working or wood shavings generated during a milling process can be repurposed as home décor or hamster bedding, but they still need not count as artifacts. The way an artifact is made should be governed by a design process, where “design” is understood in a very broad sense. As mentioned in the section Technology as Practice, a design process can be executed through trial and error or in a more structured way. Either way, for a design process to occur, there must be some modification of materials involved where the materials are changed from their original state, which did not serve the purpose in question, into some new state, which is such that the artifact can be used to serve its purpose. Object modification need not be produced through an intentional process; it can take place through trial and error that naturally occurs over an extended period. This allows for long-term, naturally occurring, evolutionary trial-and-error processes underlying the creation of artifacts like the large structures built by termites. These structures serve the purpose of regulating hormone levels within the colony while keeping the nest itself cool. Termite nests are the result of modifying different features of the environment and are not generated through any intentional process; they were designed over time through a naturally occurring trial-and-error process. We will discuss termite cathedrals in a later section, but we can see here how objects of this type can be the result of a non-intentional, naturally occurring trial-and-error design process.

With these further clarifications, we can give a more complete account:

Artifact: Object, external to organisms, made by organisms for a purpose and such that, under appropriate conditions, it can be used to serve its purpose.



As stated, this account leaves out anything that is not an object. Some have argued that some performative art forms, such as music concerts (Dipert, 1993) or belief systems (Hilpinen, 1995), count as artifacts. One might also argue that action in general qualifies as an artifact (Evnine, 2016). The account we provided could be extended to cover at least some of these putative artifacts. Since they are usually not counted as technology, we set them aside.


Animal Artifacts

The philosophy of technology literature often focuses solely on human technology, to the exclusion of animal artifacts. To appreciate the deep similarities and continuity between animal and human artifacts, it is helpful to distinguish between tools and artifacts. Under our definition, many tools count as artifacts but not all do. Organisms modify their environment, sometimes in very specific ways. For example, they dig burrows to protect themselves and their offspring from the weather and predators. When such modifications involve manipulating objects for a purpose, those objects are called tools. Examples include sticks and stones used by chimps to hunt ants and crack nuts, respectively. When the objects being manipulated for a purpose are novel structures made by organisms, they are artifacts. Some chimpanzee dipping sticks are an example of this kind. Lapuente and others (2016) analyzed a group of chimpanzees who regularly used dipping sticks in their daily lives. The authors classified the dipping sticks as tools because they present with clear signs of modification, such as removed branches, leaves, and sometimes bark with additional clear use-wear signs such as blunt or frayed ends (Figure 16.1).


[image: An exhibit depicts different styles of dipping sticks labeled a to j.]
Figure 16.1 Different dipping sticks gathered by Lapuente et al. (2016).

Chimpanzees use the dipping sticks to gather different substances like water or honey depending on the length and fray of the stick. This is a clear instance of tool use in chimpanzees. We can ask whether these tools also count as artifacts. Our account returns an affirmative answer. The sticks have been modified by removing branches and leaves to give it a smooth surface. Then, the end of the stick has been frayed in different ways depending on whether it is meant to collect honey, water, or some other liquid. Chimpanzee dipping sticks are objects made through a design process: the branch was physically modified and it was designed to serve a purpose—collecting some liquid-like substance. Dipping sticks are an example of an animal tool that also counts as an artifact. Thus, as Lapuente et al. suggest, they are an instance of animal technology.

Chimpanzees seem to be the kind of animals that can produce artifacts intentionally, but the present account also captures artifacts that are created by processes that need not involve intentions. Consider the cathedral-like structures that some termites build (Figure 16.2).


[image: An exhibit depicts an exterior view of a Cathedral termite mounds with towering structures.]
Figure 16.2 Cathedral termite mounds (Nasutitermes triodiae), Northern Territory, Australia.

Termites do not live inside the structures. Instead, they build them atop their underground nest. Do termite cathedrals count as technology? First, we can ask generally whether the structures were made through a design process. Termites build the structures out of a mixture of soil, termite saliva, and dung over the process of four to five years. They physically modify the soil and dung by adding saliva in order to create a clay-like substance that hardens into a strong, solid structure. Termites build their cathedral-like mounds because they have evolved over time to be reactive to a pheromone that drives them to build. While the termite mounds are not the result of the termites intentionally building them, they are the product of a long-term, naturally occurring evolutionary process that causes the termites to modify their environment. Importantly, these structures serve a purpose. The mounds act as an air-conditioning system that funnels cool air down to the underground colony. The structures create a micro-environment that sustains the colony itself while also governing the behavior of the termites that live inside of it through pheromone transmission. Thus, the structures serve two purposes: first, they create an air-transfer system that cools the nest, and second, they regulate the flow of pheromones within the structures, which then modulates the termites’ behavior so that the termites continue building it. Because termite structures are the result of a design process that leads to the modification of the environment to serve a purpose and are used for their purpose, termite structures meet our artifact definition and count as technological objects.




The Function of Technology

Artifacts are for something—they have functions. Functions are also features of biological traits. Some views distinguish artifact function from biological function while others offer a unified account. Those who distinguish between biological and artifact functions are often driven by the idea that artifact functions serve a human purpose and should therefore depend on human intentional states. Yet, in the previous section, we saw that animals, including insects, produce artifacts even if they are not capable of intentional action. Therefore, if we wish to include animal artifacts (as well as biological traits) among the items that have functions, we should not require intentional creation among the conditions for having a function. There are three main ways of thinking about function that do not require intentional creation: functions as causal roles, as selected effects, or as contributions to a goal. These can be seen as different accounts of functions or as different but complementary notions of function.

The simplest and most inclusive account of function is that a function is a causal role. According to this view, an object or trait X has function F if and only if F is a causal role and X performs F. If “causal role” is interpreted to simply mean (manifestation of a) causal power, then any (manifestation of any) causal power will count as a function. The resulting notion is much broader than our ordinary usage of “function.” Thus, “causal role” can be interpreted in a more restrictive way—specifically, to mean contribution to select activities of a complex system (e.g., Cummins, 1975). Artifacts and their components play all kinds of causal roles, including causal roles that contribute to select activities of larger systems—thus, artifacts have functions in this sense. Still, given this notion of function, things cannot malfunction: if they cannot perform a causal role, they simply lack that function. For example, given this account, a type of Band-Aid that always causes infections is not malfunctioning; it just has the function of causing infections. Given the importance of getting technical artifacts to perform properly (at appropriate rates, under appropriate circumstances), a stronger notion of function appears to be needed.

Another influential account of function is that a function is a selected causal role. According to this view, tokens of type X within a population have function F if and only if F is a causal role and tokens of X were recently selected because they performed F. A population in this sense need not be a series of organisms; it may be a series of artifacts as well. In addition, being selected because of performing F can mean a number of things. It can mean that systems that had an X that performed F within previous generations left more descendants than systems that lacked an X that performed F, and this is at least in part because the Xs performed F; this notion of selection works as an account of teleological function for many biological traits. It can also mean that the Xs themselves were differentially retained within a larger system because they performed F. If the larger system is a nervous system and the Xs are connections between neurons, this notion of selection provides an account of neuronal selection and learning, which in turn yields an account of the function of plastic systems such as nervous systems (Garson, 2019). If the larger system is a population of organisms that make and use artifacts, this same notion of selection provides an account of teleological function for at least some human and animal artifacts (Preston, 2013). The selected causal role account of function has more explanatory power than the (mere) causal role account. For one thing, it comes with a notion of malfunction: something can be selected for performing a function and yet be unable to perform it. For another thing, it explains why things come into existence or survive the selection process: because they perform causal role(s) that, after the selection process, becomes their function(s). However, the selected effects account of function does not work for entities and traits that are novel, and hence have no selection history. At least for artifacts that have been newly invented, and yet can malfunction, a third notion of function might be needed.

A third important account of function is that a function is a contribution to a goal. According to a recent version of this account, tokens of type X have function F if and only if F is a causal role and performing F by tokens of X provides a regular contribution to a goal of a population of organisms (Piccinini, 2020, Ch. 3). Living organisms extract energy from their environment and use it to perform physical work that has certain physical effects. Specifically, for living organisms to continue to exist, living organisms ought to reach the following states at least some of the time: survival (performing specific actions that preserve their specific organization); development (going through a life cycle that includes growing and developing into a mature organism); reproduction (making other organisms similar to themselves); and helping (benefitting other organisms, especially offspring, relatives, and symbionts).

Organisms reach these states to the extent that their special functional organization allows them to successfully pursue them. Because these states are pursued, we can call them biological goals. If these biological goals are not pursued and reached at least sometimes, the population will go extinct. In order to pursue these biological goals, organisms must possess a number of interdependent mechanisms each of which provides a regular contribution toward one or more of those goals. These regular contributions are biological teleological functions. This goal-contribution account can then be extended to goals that are not directly biological, such as pleasure, truth, power, and so forth.

A benefit of this goal-contribution account of functions is that it can be extended to both human and non-human artifacts. As we have seen, artifacts also have teleological functions. An artifact’s teleological function is what it is for as opposed to other things that it may also do. Paper clips are designed to hold papers together but they can also do many other things. They can be used as a bookmark; they can be straightened out and used to pick a lock; they can be used to pin back your hair; they can hold unruly wires together, etc. Even though a paper clip can take on these other uses, what the paperclip is for is holding papers together—that is its teleological function. An artifact’s teleological functions are typically contributions to the goals of the organisms that create and use the artifacts. Consider again the termite mounds. The mound is for two things: it has two functions. It cools the termite nest and regulates the termite pheromones, which in turn causes the termites to work on the nest. This straightforwardly contributes to the survival of the termites by keeping their nest cool so that they do not overheat in hot weather. If not for the mounds, termite nests would be unlivable. A corollary of the goal-contribution account is that technology can function properly relative to some goals (e.g., making our lives convenient) but be dysfunctional relative to other goals (e.g., survival, as when technology causes climate change).



The Boundary between Technology and Non-technology

So far, we have drawn distinctions between artifacts, tools, and other objects. Not all objects count as tools and not all tools count as artifacts. We might also be concerned about the roles objects play in cultural processes more generally. This helps show how there is not always a bright line between naturally occurring objects, artifacts, and artifact byproducts. This pushes back on the modification and design requirements in our definition. Can some non-deliberately modified objects count as artifacts? Furthermore, modification is a matter of degree—an object can be more or less modified. Is there some kind of modification threshold that must be met? Does an object need to be modified to a certain degree to count as an artifact?

When studying human evolution, archeologists unearth objects of different types. One example is the unifacial and bifacial chopping cores from the Paleolithic era. These cores are thought to be a byproduct of flake production. Flakes were long and narrow blades that could be fashioned into knives, scrapers, spearheads, and other similar objects. The byproduct from flake production is a heavy core that was used for woodworking and other kinds of soft-material activities (Toth and Schick, 2010; Figure 16.3).


[image: An exhibit depicts two stone cores, one flaked on one side and the other flaked on both sides.]
Figure 16.3 Unifacial and bifacial chopping cores (Image credit: Chazan and Horwitz, 2006).

Chopping cores are probably not designed. Instead, they are byproducts of the creation of flakes that were then fashioned into different kinds of tools. Is it possible to qualify choppers as being more than a useful byproduct of flake creation? If choppers were not deliberately modified objects because they are merely what is left over after a modification, could they have a teleological function? Choppers were used for severing soft materials like wood, meat, and animal skins. They were used to cut through meat for consumption and to cut hide and fur for various uses. The choppers naturally included an easily gripped, large, rounded portion while also having sharper edges from where the flakes were chipped off. Paleolithic choppers, although not directly designed, count as tools and are for something.

As to whether choppers are artifacts, they are a borderline case. Insofar as they were mere byproducts of flake production that were repurposed after being found, they are not artifacts. Insofar as their production was incorporated in the production of flakes for the purposes to which choppers were put, they are artifacts. If their makers got to a point where they intended to create choppers, they are definitely artifacts. But choppers could still be artifacts even if their makers unintentionally created them for their purposes, since we do not require that artifacts be the product of intentional design.



Technology and Science

Technology as practice is closely related to science. It has even been argued that technology itself is a form of applied science because the technologist applies scientific ideas when designing or manufacturing artifacts (Bunge, 1966;Gardner, 1996). Bunge supports this position by distinguishing between what he calls pure science and applied science. Pure science has a distinctly cognitive aim, which seeks to increase knowledge, while applied science has the practical aim of solving problems. For example, cell biology is the study of cells in their own right, regardless of applications, although its discoveries aid in the identification or diagnosis of cancer, while cancer research is applied science because it evaluates the causes, patterns, and occurrences of cancer to determine risks and develop treatments (Bunge, 1966, p. 329). Views of this kind have fallen out of favor: most contemporary authors agree that technology is not merely applied science. Instead, technology is generally held as its own enterprise distinct from science.

This does not mean that there is no relationship between science and technology. Many technological advancements are developed alongside scientific research. It is more accurate to say that science and technology feed off of one another in a symbiotic way. Scientific knowledge allows us to create new technologies, which then allow us to make new observations and experiments—to do new science.

Scientific discoveries play a role in the creation of new kinds of technologies. For example, remora fish (also known as sucker fish) travel great distances by “riding” on the backs of larger fish like sharks and whales. It was originally thought that the remora fish was suctioning the back of the larger fish (hence its nickname). This was proven incorrect. Instead, remora fish actually “surf” along the larger fish’s back by gliding along their host’s body near the blowhole and dorsal fin where there is minimal drag. It turns out that the area between the blowhole and the dorsal fin has a much lower velocity fluid than other regions on the surface of the host’s body. By hovering above this area, the remora fish creates a low-pressure zone, which keeps it sucked close to the body of the larger fish and prevents it from flying off during its ride (Flammang, 2020). This scientific discovery has been used to develop a new technology: an artificial suction disk that will be used to track endangered marine animals. This new device improves on previous technology because the reduced drag allows it to stay in place longer. This example shows the symbiotic relationship between science and technology, whereby new science leads to the creation of new technology, which in turn aids in doing new science.

An interesting example of technology leading to scientific discovery is the cathode ray tube. Originally this sealed glass tube was used as an oscilloscope, a piece of electronic equipment that would let you perceive changes in signal voltages. The tube seemed completely empty of air but, when an electric current was passed through the tube, rays of light would shoot across. Eventually, scientists learned that the rays of light were streams of electrons. This discovery of the electron eventually led to further discoveries such as the atomic nucleus—the positively charged region at the center of the atom. This is an example of a technological device leading to discoveries in science, which in turn contributed to further technological advances, such as the first television, which is a cathode ray tube with the electron beam deflected in ways that produce an image on a screen.

Technology does not require science, though. After all, even human technology—let alone animal technology—evolved before the development of scientific practices. Even on the most inclusive definition, the earliest form of science emerged somewhere around 2000 BC. Technological advances had occurred for thousands of years prior. For example, the wheel was invented in 3500 BC by the Sumerian people, who inserted rotating axles into solid discs of wood. This meets any reasonable definition of technology. Moreover, the invention of the wheel contributed to the mechanization of agriculture, with animal-pulled carts and advancements in crafting techniques, and with the invention of the windmill, which relies on the wheel as its basic mechanism. In many ways, technology fuels scientific advancement and vice versa, but they can and historically have advanced independently.



The Ethics of Technology

As we have seen in the previous sections, technology affects ordinary life. It aids in accomplishing goals and it can lead to and help generate scientific knowledge. Overall, technology helps increase both human and animal abilities. With such power comes ethical concerns about the effects of technology on human beings and their environment.

There are different ways to address the ethics of technology. One way is to examine the design process by evaluating the actions and decisions made by the people who engineer different technologies. Engineers have professional obligations such as maintaining a code of ethics, being competent and honest, having a safety concern, and avoiding conflicts of interest. Another way to address the ethics of technology is to evaluate the ethical implications of specific technologies. This approach focuses on the effects of technology rather than the responsibility of the designers. Technology not only has great power in the lives of those who use it; it also allows individuals to have power over others and over their environment both directly and indirectly. And the impact of technology on human life, animal life, and the environment is not always positive. Let us look at an example of how technological advances in farming have generated ethical concerns.

Technological innovations in the early 1900s ushered in new ways of expanding and simplifying animal farming. Developments in refrigerated transportation opened up high-yield meat production opportunities. Now that meat could be kept cold during transportation, even over long distances, more animals could be raised for market. Further advancements in the mechanization of farming allowed farmers to house and maintain more and more animals. By the 1930s, the concept of factory farming was starting to take hold in the United States. New technology led to a new age of industrial farming, leading to large farms that could satisfy an increasing demand for meat, eggs, and dairy. Advances in biotechnology and information technology were praised in the 1980s for promising to revolutionize U.S. agriculture once again. Embryo transfers, growth hormones, and other genetic engineering techniques promised to produce more meat per pound of feed and increase egg and milk production. All things considered, it was argued that these developments would lead to not only a net increase in farm production, but also a net increase in revenue for both large- and small-scale farms (Lu, 1985). Higher yields meant lower market prices and more accessibility to animal products for an economically diverse population.

Technological advances such as factory farming, as they unfold in real time, can be both exciting and promising. But their effects ought to be assessed in a comprehensive way. What are the ethical implications of technology on society, living organisms, and the environment? The ethics of technology should, among other things, be empirically informed about the consequences of technology. Consider the effects of factory farming. Over the last one hundred years, the United States has been working under the factory farming paradigm and today an estimated 99% of meat, eggs, and dairy is produced using factory-farmed animals. The ethical implications are wide-reaching, generating concerns in public health, animal welfare, and environmental ethics.

Factory farming generates public health concerns for several reasons. Crowding animals together in confined spaces induces stress, which suppresses their immune systems and increases the likelihood of contagion. This makes the animals particularly susceptible to parasites and infections. The crowding leads to the transmission of viruses between the animals, giving rise to a continued risk that those viruses will mutate and reassort to create new strains. Finally, many of the spaces that the animals are kept in lack sunlight and ventilation, which further allows the viruses to survive on their hosts. This environment is a perfect storm for spreading novel viruses both between animals and from animals to humans. Viruses have always jumped from species to species, but factory farming increases the risk of viral transmission between animals and humans. A good example is the Spanish flu pandemic of 1918, which infected half of the world’s population and killed tens of millions of people. The Spanish flu is thought to have arisen from farm animals (Anomaly, 2015).

We can see public health concerns emerging at the very beginnings of the factory farming revolution. Now, more than a century later, most of our animal products are produced from a system of this kind. This way of raising animals impacts the health of the communities that depend on its products (Faden, 2022). Technology of this kind is a double-edged sword because not only does it allow for access to food but it also generates public health and safety concerns.

There are also obvious animal welfare concerns. Legally referred to as “confined animal facilities,” factory farms are responsible for nearly 70 billion animals per year worldwide. Confining animals in restrictive spaces produces unnatural behavior and enormous suffering. For example, chickens in confined spaces regularly attack each other. To prevent this harm, their beak tips are sometimes mutilated, which often leads to their death. To counteract the spread of disease due to stressful living quarters, antibiotics are routinely administered to the chickens. Alterations to the environment such as artificial lighting or complete light deprivation are done to increase egg production. Male chickens who are born in egg-producing facilities are regularly disposed of by the thousands because, without egg-production capability, they are of no economic value. These practices are extended in different ways to other farm animals. They result from treating animals as a means to economic advancement without considering that they are living organisms deserving of care and compassion. Technology allows us to engage with animals in a purely economically driven fashion, without considering the effects it has on their welfare (Wiley, 2004). Philosophers often argue about whether animals have rights and, if so, where those rights come from. Do sentient creatures that feel pain and frustration have interests that deserve protection? These are the questions that animal ethicists debate—questions that have direct implications on the ethics of farming technologies.

There are also environmental concerns that arise from animal farming. Livestock farms produce staggering amounts of waste that affects the environment. Factory farming is a major contributor to climate change because of the vast amount of greenhouse gases it produces throughout the supply chain. This happens both directly from animal waste and indirectly through the effects that farming practices have on the land itself. Raising tens of billions of animals requires a lot of animal feed and land. Factory farming contributes immensely to deforestation by clearing large swaths of land to both grow feed and house the animals. The loss of trees and other vegetation during this process contributes to, among other things, soil erosion, greenhouse gas emissions, and climate change. Moreover, the animals themselves produce significant quantities of methane and nitrous oxide through various sources, including the animal waste and fertilizer used to grow their feed (Hurst, 2022). More than 90% of airborne ammonia pollution comes from fertilizers and livestock manure, making it the largest global source of fine particulates (Bauer et al., 2016). The U.S. Department of Agriculture estimates that factory farm animals generate more than 450 million tons of manure annually—three times more raw waste than is generated by humans. Environmental ethics evaluates the relationship between human beings, including the technologies they adopt, and the natural environment. What values should we hold about our environment (Brennan, 2022)—how does that change how we should behave, the kinds of technologies we are justified in using, and whether we should continue with the technologies that we currently use?



Technology and Public Policy

Public policy and technology are interrelated in many ways. Governmental agencies might encourage the public to use or disuse particular types of technology. What are the most effective ways of getting the population to change their behavior when new technology is introduced? How can policy regarding the implementation of new technology best appeal to the public? These are questions about how the government might best solicit behavioral changes from citizens to help realize an agenda such as resource conservation. There is also a question of how technology, as a tool, is used to enact political aims. How might technology be used to gather information from the community to implement governing laws and tailor governmental resources to the community’s needs? Finally, there are policies that govern the use of different technologies. Some policies aim to regulate use while others might include an outright ban on a technology. Interventions are often introduced in an effort to reduce harm of some kind. Many of these techniques fall under the category of “nudging”—subtle techniques used to encourage or discourage certain behaviors.

The strictest technology policy is an outright ban. For example, the state of California has implemented an all-out ban on the purchase of gas-powered vehicles by the year 2035. If you want to buy a gas-powered vehicle newer than a 2034 model, you will not be allowed to do it in California. When it comes to policy-makers implementing tactics to control the use of different products, bans are one end of the extreme. Many policy approaches are softer than that.

Rather than an outright ban, policymakers may choose to influence citizens into selecting or abandoning products on their own. This is sometimes done by appealing to the ethical values of the audience, perhaps on the basis of an emotional response. For example, appeals for a sustainable lifestyle may attempt to evoke feelings of guilt associated with less eco-friendly choices. Several studies have shown that message-induced guilt can activate defensive behaviors, which can produce unintended responses such as anger or irritation, which in turn undermine the intended message (Lim and Hong, 2022). A way to avoid unintentionally soliciting a negative response is to pair the moral message with another source of motivation. A recent example of this technique was an ad campaign aimed at reducing plastic consumption, which featured not only the adverse health effects of air pollution on children (appeal to ethical values), but also information about how air pollution reduces property values.

Additional strategies include coupling an implicit moral message with the technology itself. This coupling of a moral message intrinsic to the technology is what Jelsma (2003) refers to as a “script.” Scripts are the structural features of an artifact that encourage a particular kind of action while discouraging others (Jelsma, p. 107). Examples of scripts include a car seat belt that prevents the car engine from starting until the belt has been buckled into the clasp properly. Another example of an artifact script is a specialized toilet flushing button introduced to conserve water. Initially, when signage was placed asking users to intervene on the flushing process by pressing a “stop” button after some time, users frequently ignored the feature. But, once the flush button itself was designed to implicitly carry a water preservation message by incorporating two side-by-side buttons with the labels “big flush” and “light flush,” users chose the “light flush” option more frequently. The dual button system includes a script that gives the technology the ability to implicitly affect behavior (Latour, 1992). Mandating dual flushing buttons is an example of how governments could influence the behavior of the public to better serve a political aim like water conservation by adopting a technology that carries an implicit moral message while also being easy to use with little to no disruption in daily life.

Völlink et al. (2006) characterize reasons why new technologies meant to promote political objectives might be rejected by looking at the perspective of the user. They suggest that decisions to adopt innovations are made in a stepwise process where, if the advantages fail to be apparent in the initial introduction to the technology, then users will move on from the option. This suggests that users have an interest in the advantages they gain by switching to a different technology. What kinds of advantages must be present for consumers to be willing to adopt new technology? Consider the role that scripts play when it comes to changing behavior. If the individual is required to intervene on the process by pressing a different button, or if they are required to take additional steps to adopt a different choice, they are unlikely to do so. But, once a script is built into the technology, the user is more likely to change their behavior. In many cases, scripts provide an immediate, perceivable result with little to no effort required. If the new option is easily adopted, then there are advantages to making the choice. One perceived advantage might be the ability to be part of a system that is affecting positive environmental change without having to make any measurable lifestyle changes. This suggests that new technology is more likely to be accepted if there is an immediate and readily perceived advantage.

There are also ways to use technology to change the behavior of a community to realize different policy aims. For example, “smart cities” are urban areas where technology is used to monitor various features of the city, such as traffic flow, energy consumption, hospital and healthcare visits, public transport use, public benefits, and more. Smart cities initiatives pair technological capabilities with government policy initiatives to both gather data from community members and then use those data to best implement the policies. Needless to say, government policies can cause both benefits and harms. On one hand, data collected from various points throughout the city can be used to inform the policy choices made about the various services that are being monitored. An example is requiring applicants for unemployment benefits to complete an online personality assessment. The government can then recommend certain programs and choices based on information about the applicant’s answers (Gandy and Nemorin, 2019). This uses technology to harvest data from citizens and then uses data to assess which kinds of programs will be introduced to the applicant to motivate them toward one action or another. Here technology is used to both gather information and assess which types of plans will be most effective for both the applicant and government interests in the long run. On the other hand, similar methods along with surveillance technology such as face-recognition software can be used to track and police people—particularly minorities and low-income groups—or constrain or arrest crime suspects but also political activists, opposition leaders, and any individuals a government considers problematic.

Additional ways that policymakers might encourage behavioral changes is through nudging. Nudges are like scripts in that they are used to affect behavioral changes using implicit messaging. Nudges aim to redirect behavior without implementing an all-out mandate (Mongin and Cozic, 2018). Some well-known examples of nudging included placing healthier foods at eye level at grocery check-out stands or in cafeterias and requiring people to opt out of rather than opt into different programs such as organ donation. Nudges are meant to preserve freedom of choice while also creating a scenario where the default choice, or the most readily accessed choice, is the choice preferred by the policymaker.

Using digital technology to aid in nudging citizens toward certain behaviors transfers the practice to the online world. Before the digitization of nudging techniques, policymakers relied on “best-guess” style nudging, which relied on information available at the time. This required a process of trial and error: recording data, looking at outcomes, and adjusting policies accordingly. As the world’s population spends more and more time online, policymakers can use data-collection techniques coupled with machine learning to gather information directly from the population and then use that information to tailor specific, personalized nudges that can be deployed to smaller groups. Policymakers can use data to target specific age groups, neighborhoods, or even individuals with particular choice patterns, and then present them with various nudges that are specific to their characteristics. For example, when governing bodies identify certain areas of a city whose populations are less physically active, they might include recommendations for community centers with available health and fitness activities in their monthly newsletters—a nudge toward exercise. On the flip side, some feel that such interventions are intrusive and paternalistic.

The use of certain technologies might also be regulated through nudging practices as well. For example, if there are high collision rates in a particular city area that need addressing, policymakers can implement traffic nudging techniques such as displays with real-time speed and white lines with a narrowing gap to provide the illusion of higher speeds while driving. Nudges of this kind aid policymakers in controlling how citizens drive their cars by intervening on how fast they are going.

Additional questions having do with public policy pertain to the relationship between technology and social and political structures. What role does technology play within society, and what role should it play? Many powerful and pervasive technologies are created, owned, and controlled primarily by large corporations or governments that are typically dominated by certain groups (e.g., white, male, cisgendered, nondisabled). This may contribute to biasing the technologies themselves, as when predictive algorithms used by police behave in accordance with prejudices present within the bodies of data that were used to train them. It may also create, perpetuate, or exacerbate structural inequalities, invasions of privacy, and other forms of control and oppression of certain groups by others. Finally, technology may provide convenience to its users and profits to its owners at the cost of destroying the environment and the ability of planet Earth to sustain the human population in the future, let alone other species. The biggest existential question facing humanity today is how and how quickly to switch to more sustainable technologies than the ones we currently use—from eliminating single-use plastics to replacing fossil fuels with renewable energy sources.

In conclusion, policies pertaining to technology range from outright bans to nudges to various types of regulations, some of which (are intended to) benefit people, while others (are intended to) control them. Either way, technology can have benefits for either its owners or its users but can also cause potentially irreparable harms.



Conclusion

We have seen that technology raises many philosophical questions. For starters, technology involves both practices—organized series of activities—as well as products—objects, external to organisms, made by organisms for a purpose. Technology as practice, or at least as a self-conscious practice, is characteristically human. In contrast, technology as product is found in many animal species including insects.

Technological products have functions that can be understood in various ways. In one sense, a function of technology is just a causal role that a product plays within a larger system that typically includes its users. In a stronger sense, a function of technology is a causal role that was selected for over a period of time. In an intermediate sense, a function of technology is a causal role that provides a regular contribution to a goal of the makers and users of that product. Thus, whether an object counts as technology depends on whether it has at least one function in the requisite sense.

Human technology is often interdependent with science but neither science nor technology is more fundamental than the other. Technological developments allow new science to be done, which in turn leads to new technological developments.

Finally, technology raises a host of ethical and policy questions. Technology deeply affects people and their environment, which means that the pros and cons of every technology should be assessed and policies should be implemented to ensure that technology serves the needs of both the public and the planet we all share.
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The Link between Religion and Communication Technology

Religion and communication technology are often found working hand in hand towards their mutual benefit. However, it is difficult to pinpoint when this relationship started and the sequence in which it first developed. When or where humans first became religious is unknown to us. Whether technology (such as the application of natural pigment like ochre in shades of red, brown, orange, and yellow) played a role in the first religious actions, rituals, and confessions is also not clear. Therefore, trying to assemble a picture of where religion and communication technology first met and how they grew together, can be compared with being blindfolded while trying to fit very tiny puzzle pieces into a borderless mega-wall-puzzle with most of the older pieces either missing, disputed, or yet to be discovered in locations that are scattered all over the planet.

In addition to being unable to determine the origin and time frame of religious consciousness and the implementation of technology to communicate religious ideas and views or symbolism, the use of the terms ‘religion’ and communication ‘technology’ pose additional problems.

The term ‘religion’ originates from Latin with the meaning more or less equivalent to ‘scrupulousness’ – moral integrity, acting in accordance with what is considered right or proper – but this term also included notions, such as taboos, promises, and curses, not all of which were related to the gods and deities. The modern use of the term ‘religion’ only developed during the 1200s CE in European languages such as English and French (Merriam-Webster). The concept that we currently link to the term (that there is a supreme God who should be worshiped and who rewards and punishes in this life and/or the next) developed even later, in the 16th and 17th centuries (Schibrack, 2022) during the post-Reformation splintering and division of Christianity which is one of the well-known world religions. What we can say about religion, when we speak about when it originated and is still true, is that humans acknowledge the existence of unnatural power.

Although we focus on religion, in more modern developments between Religion and technology, the term ‘spirituality’ is often used to replace the term ‘religion.’ Spirituality is a process of personal transformation that seeks a relationship with the divine, but also salvation, wisdom, truth, purpose, meaning, and peace of mind through growth and maturity, often, but not always, grounded in faith (religion).

The term ‘technology’ evolved from two Greek words (techne that can be translated as art, skill, craft, and the ability to make or create things, and logos that could mean word – the abstract way in which humans express their thoughts and emotions) and is used in the English language since 1829 (Merriam-Webster). Thus, technology would indicate something that was designed through abstract planning (thinking about a problem and seeking possible workable solutions for the problem) and then results in the production of something that has a practical use (addressing the problem). We use technology when we apply our knowledge to simplify tasks.

From the above, it should be clear that it could be dangerous to simply transfer our ideas and concepts of religion, ritual, art, and technology back into the distant past when trying to interpret or comment on what the humans who lived then could have thought or why they performed specific actions or how they construed the circumstances and environments they found themselves in. There are abundant theories and ample debates and differences of opinion that seem to intensify and multiply as we are searching in history for evidence and a clear understanding of the past. New discoveries and improved dating methods expand and complicate these options and open likelihoods we thought previously not to be possible (for example: for a long time, it was perceived that all the cave and rock art discovered were made by Homo Sapiens [from Latin, ‘wise person’]) – our species – but the Uranium–Thorium dating method confirmed that some of the European cave art and burials was done by Homo Neanderthal (Homo Neanderthalensis), long before they had any interaction with Homo Sapiens (Craig 2021). This broadened the option that religious perceptions and abilities to communicate these ideas by species other than humans, is possible and should also be investigated.

On the positive side, we do have some beautiful and colourful pieces of the prehistorical part of the religion and technology puzzle and therefore, although the back end of the timeline seems to be broken and at some places still even void to us, we are able to identify certain lines and trends from the picture that developed into more detailed paths when moving towards the more recent historical eras and time. The puzzle pieces depicting the current relationship between technology and religion are fanning out the picture in a multicolour scenario and with immense speed.

Both religion and technology are intricately linked with human development. Even before the First Communication Revolution (Harnad, 1991) materialised – that of developing speech – humans implemented technology to communicate with others through sounds, signs, and art. As soon as language developed, it was possible to transfer traditions, rituals, sacred messages, and belief systems and taboos orally from one generation to the next. This made communication much easier and faster. Thousands of years later, but within a much shorter timespan than it took to complete the developing phase that led to the first revolution, the Second Communication Revolution added recorded history to the picture. None of the subsequent revolutions nullified or replaced the previous achievements. To the contrary, the new developments expanded and broadened and built upon the previous successes while paving paths towards setting the next revolution into motion. So, in addition to oral traditions, the first symbolic communication systems (that does not depend upon an association with a language, like maps, signs, and numbers) and later also writing systems developed as the Second Communication Revolution that once more influenced and changed both religion and technology and therefore, also society.

Again, the timespan between the development of the Second and Third Communication Revolutions was significantly shorter than between the first and second such changes, and the part that technology played in the development of this upheaval, increasingly significant. The invention of the printing press brought previously unthinkable changes and new opportunities to enhance the influence and spreading of religion as well as interactions between different religious traditions and belief systems. It also stimulated the development of other and innovative technologies, seemingly unrelated to communication and religion, but indirectly, these developments all had a huge impact on both the spreading of religion and the internal developments and changes in religious doctrines and beliefs. Industrialised transportation opened new paths for the spreading of and interaction between religions while scientific discoveries and innovation brought important changes to the way humans understood their position and part in the cosmos and creation. This in turn brought changes to some fundamental religious dogmas and beliefs. The Digital Communication Revolution dawned less than 500 years after the Third Communication Revolution and enhanced, sped up, and brought radical developments in terms of how religion took advantage of technology. It also successfully managed to turn the attention of humans once again to focus on the ever-growing and intensifying spiritual needs of people. Digital technology is widely used to promote religious ideas and support people with questions on spiritual issues.

Without doubt, the development of the communication technology assisted in the survival of some religions for thousands of years. Hinduism, that was founded about 2000 BCE on the Indian sub-continent is the oldest religion in existence. Zoroastrianism, the ancient Indo-Iranian religion, also known as Mazdayasna, presumably originally dates back to the second millennium BCE and emerged in its current form between the 10th and 5th century BCE. The foundation of the monotheistic belief systems is Judaism that was pinned down in its current form between the 9th and 5th centuries BCE, followed by Jainism (8th–2nd century BCE), Confucianism (6th–5th century BCE), Buddhism (6th–5th century BCE), Taoism (6th–4th century BCE), Shintoism (3rd century BCE to 8th century CE) and Christianity at the start of the common era and Islam in 622 CE (cf. Ravi n.d.).

Due to the positive impact of the communication revolutions on religion, these four revolutions and the technology associated with them is explained next. Other technological developments, such as the results of the industrial revolutions, like long-distance transport and globalisation, as well as the ways science and technological discoveries and innovations brought drastic changes to religions and belief systems, will also be discussed in brief.



The First Communication Revolution (Language) and Religion

We, the different nations and peoples of the world, are all part of the same species: Homo Sapiens is the Latin term for ‘wise person.’ We are the youngest and ninth (discovered so far) species of our kind (Hodžić 2023). The other eight human species were related to us because we all belong to the specific genus called ‘Homo,’ and all of these species developed independently, meaning that they did not evolve from each other but developed separately. Some of them co-existed for some time, even with us. We know that some of these species made and used tools, built shelters, control fire, and even made sewing needles from bone, thus using technology to improve the quality of their lives. What we are interested in here, is more difficult to extract from the remains that archaeologists recover: how their religious development is linked with their technological skills and capabilities. We know that some of the Neanderthals, our nearest relatives whom at some point in time were also our enemies and/or lovers before they became extinct, buried their dead and marked the graves that could indicate that they were capable of symbolic acts that are associated with the thinking processes that lead to the development of speech and language, but did they have religious perceptions? Could it be that the development of a religious consciousness was a by-product of some mental developments or was religion used as a survival mechanism? Some people think that everything that could not be readily explained, including natural phenomena like thunder and the regular changing of seasons, were in the past attributed to gods or supernatural beings and thus later developed into religion. Others think that religion was developed to manipulate behaviour and gain control over the actions of people when larger settlements came into existence during the agricultural era (society 2) to secure the survival of these groups through the religion that bound them in loyalty to the divine and each other. There are many other theories about why religion developed. We can say with some level of certainty that it seems as if the development of religion and technology went hand in hand even in those early days of development.

Before humans could speak, they undoubtedly communicated through repetitive actions and movements, gestures, and later on, signs and symbols and sounds – including mimicking animal noises, and later also through their paintings, drawings, and dancing, music, and echoes and rituals. Robin Dunbar (Pearce, Stringer, & Dunbar, 2013) is of the opinion that the part of the human brain that is called the neocortex evolved and expanded to such an extent that about 500,000 years ago, the members of the Homo Genus were able to process complex phenomena such as perception, thinking, language and religion, attention, episodic memory, and voluntary movement. In addition, this mental development enhanced the ability to design, craft, and create purpose-driven tools that did not exist naturally, which required at least a basic understanding of causality (Wolpert, 2006) – what we now call technology. However, having the ability to do all of these things, does not mean that the ability was actually put into practice – just like we do not do all that we are capable of or are even consciously aware of all our abilities.

From discovered cave art, it is clear that some of the artists purposefully created their paintings on the acoustic ‘hot spots’ of cave walls that were known to generate echoes in the specific cave chambers. The paintings were made in association with the sounds that those specific areas could produce. This translation of sound into visuals is called ‘cross-modality information transfer’ which then later also enabled humans to transfer symbolic thinking abilities into sounds, speech, and language (Miyagawa, Lesure, & Nóbrega, 2018). An example of this can be experienced in Lascaux, a cave in France, where paintings of bulls and bison are found in specific chambers where echoes and reverberation sound like those animals running. Other chambers that are acoustically quiet, like in the silent valley of the Pinturas River in Argentine, are decorated with handprints or felines. Some stalagmites and stalactites, which produce musical sounds when hit, were colourfully pigmented in some locations, probably to remind people or inform others about the discovered sounds. This association that can be drawn between art – which includes the implementation of technology – and symbolism leads us to believe that the minds of those artists were also capable of religious thoughts due to their ability to think in abstract and imaginative and symbolic terms.

Today, we can observe and speculate about what the results of these high-order cognitive capacities were, but we are struggling to understand how and in what sequence all of these happened and what role abstract thoughts and even spiritual consciousness played during this long processing time that it took for art and signs and primitive speech to develop into language by about 100,000 years ago. The wide range of scientific fields that must be researched, along with the shortage of direct evidence and the excess numbers of theories on the development of language made an in-depth investigation into this topic extremely difficult.

It can be stated with more certainty that religion and the use of technology tend to develop progressively together when the hunter–gatherer lifestyle (society 1.0- Narvaez Rojas, Alomia Peñafiel, & Loaiza Buitrago, 2021) changed into a more sedentary way of living during the agricultural era (society 2.0- Narvaez Rojas, Alomia Peñafiel, & Loaiza Buitrago, 2021), which started about 13,000 years ago. The resulting population explosion paved the way for organised religion to provide social, economic, and political stability in the ever-growing communities of unrelated individuals and groups. Often, political power was justified through divine authority while leaders played both political and spiritual roles. The more settled way of living brought new opportunities for specialisation in labour, including an advancement in the use and development of technology that soon resulted in a new and handy communication tool.

As we move towards the next phase of interaction between religion and technology, the puzzle seems to have a few more fitting pieces. The invention of writing brought into action the second major communication technology revolution that disrupted society as a whole and simultaneously drew religion and technology into a closer relationship with each other.



The Second Communication Revolution (Writing) and Religion

Through speech, spiritual ideas, ideologies, beliefs, taboos, and sacred messages could easily be communicated and taught. Music (often created through the implementation of technology to create instruments), songs, and rituals were used to unite people and strengthen their moral. Some of the world religions like Christianity and Islam, believe that the creation of the universe was done through divine speech and that God called human messengers and leaders through speaking to them. Such narratives were transmitted from generation to generation through stories and songs and poems and rituals until people learned to write them down to preserve them for the coming generations. Divine wisdom, messages, and laws were written down in sacred texts that soon started to define societies in terms of relationships, behaviour, and authority. Sacred texts or holy books that claimed to be of divine origin quickly gained authority in the lives of both individuals and society. And the deeds of people – wrong and right – were said to be recorded in heavenly books (maybe as a way of manipulating or encouraging positive behaviour in society).

Although most people could speak, not many were able to read and write. Scribes were amongst the most educated in society and soon found themselves revered by others. They became the creators and custodians of knowledge and played an important role in governance and law, economy, and divination. Through implementing the technology associated with writing, religion very soon provided special privileges, status, and the ability to gain control over others to spiritual leaders. Schools, often associated with or under protection of religion, developed where (sacred) knowledge was shared and copied, and oral traditions found their way into more constrained forms when transferred into scripts. The Brahman caste of India became famous for their abilities to collect and codify oral knowledge.

Early forms of writing started to appear about 5,500 years ago. Full writing systems seemingly developed independently at various places, at different times, and with dissimilar purposes, all over the globe. Writing was not invented to serve religion, but the opportunities that this new communication tool provided, was quickly put into use by spiritual and religious leaders. We know of at least four fully developed writing systems, and we have proof that writing was used by some of these communities to create religious texts. In Mesopotamia (present Iraq), cuneiform developed about 3,400 years BCE. The oldest known religious text was written at about 2600 BCE in Sumer and is known as the Kesh temple hymn that describes the creation of people (Oldest.org n.d.). Egyptian hieroglyphs appeared about 200 years later. The second oldest known religious text is the Pyramid text. Written between 2400 and 2300 BCE, it speaks about the death and transition to the afterlife of the pharaoh and seeks the assistance of the gods in the passage. Funerary texts appeared 100 years later inside coffins and by 1550 BCE, the Egyptian Book of the Dead was well-known. The so-called oracle bones of the late Shang dynasty in China date back to about 1400 BCE, and, in Mesoamerica, a writing system developed by about 900 BCE. These are by no means the only writing systems that existed, but unfortunately those discovered in places like the Indus Valley and on the Easter Islands are still undeciphered, which makes it impossible to determine if some of these writings were of religious importance.

From writing in clay and on hard surfaces such as rocks and walls, developing technology soon provided more convenient options to create editable records on material such as papyrus and parchment. It is most likely that scrolls were developed in ancient Egypt, and the so-called Dead Sea Scrolls of Judaism are examples of longer religious texts written in this format. The Qur’an (holy book of Islam) was also written on scrolls and so were numerous other religious texts, as scrolls were widely used in the Eastern world. These religious texts were often beautifully and elaborately decorated with different colours of ink, types of writing, and pictures.

In the Western world, under the influence of the Greek and Roman dynasties, the writing technology soon moved into a different direction. From the prototype folded note tablets, back-bound book pages were developed by the Romans that soon replaced clay and wax tablets as well as the heavy scrolls that were difficult to handle and read from specific sections. This new technological invention was cheaper, since writing could be done on both sides of the leaves or pages, and the writing was protected by outside covers. Early Christianity used this concept to develop easy to handle and easy to copy from, durable, and larger types of book-bound pages called codices to pin down the foundational teachings and guidelines of this new and developing religion. The first of these codices were written on parchment. The oldest Greek codex – called Codex Sinaiticus – is a Christian religious text from the 4th century that also contains some Judaist religious documents (because Christianity developed from Judaism; Codex Sinaiticus n.d.).

On the other side of the world, and independent from the European developments, codices were also used by the peoples of Mesoamerica. Unfortunately not much of all the written history of these societies survived the Spanish burnings of the 16th century. The codices that did survive, include religious texts, often also containing pictographs and ideograms.

For centuries to come, knowledge and developments – both religious and secular – were preserved and recorded by hand through scribes all over the world. Scribes made handwritten copies of religious texts, but also served society at large by creating, copying, and storing records of historical events, laws, business information, and other general and more personal documents. On the positive side, recordings of religious activities and belief systems were captured and preserved, providing us with numerous colourful pieces that we can add and place into the great puzzle of the relationship between religion and technology. But communication per se, was and still is open to different interpretations, misinterpretations, alterations of words and meanings, and editing of original messages when copying or translating. Especially in religious contexts, frequently copied texts could substantially change over time due to such corrections and editing that makes it difficult to determine the most authentic and original wording or meanings of such texts.

Unfortunately, for a very long time, reading and writing were in the hands of a few educated people. Hand copied books were expensive and most of the times kept in safe places, out of the reach of most people, which means that the content thereof was only accessible to a privileged few. This dramatically changed when the Third Communication Revolution put religious content within the reach of most people in the Western world and enabled both world religions and more local belief systems to spread across the globe.



The Third Communication Revolution (the Printing Press) and Religion

The Third Communication Revolution – that of printed materials – developed a few thousand years after the development of writing. The Han Dynasty of China (220 BCE to 206 CE) made ink prints by transferring texts from tablets on to cloth. Printing from wood-carved blocks (xylography) on paper was also first developed in China by the end of the 6th century (Wolfson-Ford 2021). By the turn of the century (990–1051 CE), movable type printing was already done in China. Interestingly, the two oldest discovered printed texts are both from China and both are linked to religion. In 1974, a Dharani (Buddhist) sutra was discovered that was printed between 650 and 670 CE, during the reign of the Tang dynasty (Pan 1997). The so-called Lotus Sutra was printed between 690 and 699 CE. This important Buddhist document is the foundational scripture upon which several Buddhist schools were established. With the help of the printing press, Buddhism soon spread to Korea and Japan. From China, the technology of printing spread first to East Asia and then further to the West. By the 9th and 10th centuries, prayers and amulets were printed in Egypt (de Bruyn & Dijkstra 2011).

Block printing in Europe was initially also done on cloth. Large images for religious use were printed by 1300 CE and when paper became available about a hundred years later, small religious images were done on woodcarvings and printed in large quantities. It is assumed that Johannes Gutenberg invented both the art of Western typography and the printing press by 1445 CE. Gutenberg used movable type to print the Christian Bible and increased the numbers of lines printed on each page, making the production process faster and cheaper (Lemelson-MIT n.d.).

Printing presses were soon in production in most major cities and the role of scribes subsequently diminished quickly. They were no longer venerated or needed as custodians of knowledge and wisdom. By 1500 CE, nearly eight million books, of which most were religious, were printed in Europe. As literacy amongst the masses increased, ordinary people could own, read, and interpret religious materials without mediators. The Catholic Church was an early adopter of this innovative technology and hailed it, but soon the printing of Bibles and religious works in vernacular languages started to work against the Church and the Protestant Reformation brought division and splintering to the Christian religion based on different interpretations and assumed meanings of texts. In addition to shifting religious power from the elite few to the masses, the Third Communication Revolution also brought religious expansion and proselyting to the table. The printing of maps and exploration narratives stimulated the exchange of news, information, and interaction between people of different belief systems. This, in turn brought about a revival of cultural identity or nationalism. Although the printing press first enabled religious knowledge in printed form to travel the world, globalisation soon turned the world into a networking village during the Fourth Communication Revolution.



The Fourth Communication Revolution (Digitisation) and Religion

Contrary to predictions that religion would disappear from society as technology grows and develops, religion in general is experiencing a renewed global audibility and visibility. It seems as if religion is enjoying a ride on the back of the Fourth Communication Revolution – that of digitisation – to explore new and uncharted territories. Both religious leaders and lay believers make optimal use of social, electronic, and virtual platforms and media to advance and expand the scope and influence of both traditional and new or alternative religious and spiritual ideas. The blurring lines between physical, digital, and biological components of society (Schwab 2016) are rubbing off on the puzzle pieces of the digitised world. Separations and distinctions between world religions, personal faith, institutionalised religion, and spirituality are producing more round-edged pieces for placement into the giant wall puzzle of religion and technology. Built on the infinite amount of ever-increasing knowledge, insight, understanding, virtues, and much more from different traditions, theologies, religions, and doctrines, new and liquid forms of religion and spirituality that can change form and structure as and when needed to infuse all sectors of life and circumstances of individuals, are springing into life in the information society (society 4.0- Narvaez Rojas, Alomia Peñafiel, & Loaiza Buitrago, 2021). The focus of some religions or specific theologies is expanding to include the sustainability of life on our planet, and the changing spiritual needs of humanity.

As with the development of the earlier communication revolutions and their intertwined relationships with religion, the Fourth Communication Revolution built upon and expanded the existing technology. Already in the early 20th century, communication methods extended with the added technologies of audio (radio) and video (such as cinema and television), and by the end of the century, technological development exploded into all kinds of sophisticated technology-enhanced, mobile communication tools. And in similar fashion than before, spiritual leaders and religious institutions were at the forefront to implement each new product that could be employed to spread religious ideas and dogma while individualised forms of religion and spirituality are travelling around the world through digital technology.

Therefore, there seems to be a close relationship between the development of religion and sounds and signs that later developed into language (the First Communication Revolution). The growth and expansion of religious influences were intricately linked with the ability to record and store religious ideas through writing (as the Second Communication Revolution). The Third Communication Revolution enlarged global religious expansion and increased the influence of religious proselyting, while the Fourth Communication Revolution made inter-religiosity and the recognition of individual spirituality a reality.



The Link between Religion and Other Important Technological Revolutions (Such As Human Self-understanding and the Industrial Revolutions)

So far we have seen that communication technology and religion walked hand in hand since the first stages of human development. At first, the pace of development was extremely slow. The hunting and gathering societies already started to craft tools and divide tasks, while fire was used for protection, light, heat, and later also for food preparation (Narvaez Rojas, Alomia Peñafiel, & Loaiza Buitrago, 2021). The use of these technologies took many thousands of years to develop. However, with every new revolution dawning, the number of days between major innovations became significantly shorter, and subsequently, secondary innovations and discoveries that also influenced religion, developed quicker and in greater numbers.

As soon as agricultural development started to progress, people abandoned the nomadic lifestyle and settled at locations where resources were readily available. This brought larger numbers of people together, which led to the specialisation of trade and new career opportunities. Economy and politics became important, while religion soon became a unifying tool to provide structure and order to societies.

Thousands of years passed. Religion and communication technology developed from primitive pre-writing to the sophisticated communication options of the printing press. Not long after the invention of the printing press, some other major technological revolutions started to influence the role and impact of religion on communities. Although religious works were the most popular and numerous published when the printing presses came into production, scientific publications shared and distributed substantial amounts of knowledge, inventions, and discoveries and some of these impacted religious perceptions.

One of the most important revolutions – that of human self-understanding – soon influenced societies and brought major implications to the religious sphere. Without going into detail, we can refer to the findings of Floridi (2014) in this regard: the first revolutionary change in human self-understanding was instigated by Copernicus (1473–1543). His finding that earth is orbiting the sun and not the other way round, ‘displaced the earth from the centre of the universe’ (Floridi 2014:87) and forced people to reconsider their role and place in the solar system. Suddenly, humans were confronted by the idea that we and our planet were not the most important part of the universe. The second major change was brought about by the work of Darwin (1809–1882), who displaced us from the ‘centre of the biological kingdom’ (Floridi 2014:89) by showing that species have evolved (and are still evolving) over time through natural selection. Today we know that several species from the Homo Genus evolved and roamed the earth. The psycho-analytic work of Freud (1856–1939) brought a ‘radical displacement from our Cartesian certainties.’ Floridi (2014:90) claims,

[T]oday we acknowledge that we are not immobile, at the centre of the universe (Copernican revolution), that we are not unnaturally separate and diverse from the rest of the animal kingdom (Darwinian revolution), and that we are far from being Cartesian minds entirely transparent to ourselves (Freudian or neuroscientific revolution).



Floridi regards Alan Turing (1912–1954) as the father of the Fourth Revolution in Human Self-Understanding, and states that

we are accepting the post-Turing idea that we are not Newtonian stand-alone and unique agents, we are informational organisms (inforgs), mutually connected and embedded in an informational environment (the infosphere) which we share with other informational agents, both natural and artificial.

(Floridi 2014:94)



Some religions and numerous believers are still grappling with the religious implications of all these technologically based scientific discoveries and developments.

Although the printing press is without doubt one of the most important machines built, soon other machines for manufacturing and production appeared. Between the late 18th century and the early 19th century, the First Industrial Revolution (society 3.0- Narvaez Rojas, Alomia Peñafiel, & Loaiza Buitrago, 2021) caused one of the most disruptive transformations in human history. The major impact of this on religion was the ability of global spreading of religious and spiritual ideas (both in person and in print) through industrialised, fast means of transport.

The Second Industrial Revolution coincided with the first period of globalisation. It started in the late 19th century and ended in the early 20th century. Through the Bessemer process, it became possible to mass produce cheap steel (Britannica 2019). Advances in processing chemicals and energy sources like electricity and oil decreased production time and cost, boosted and internationalised the economy, while opening opportunities for long-distance and international transportation networks that could move ideas and people globally at a much faster pace, which increased even further during the Third Industrial Revolution that created the so-called ‘information society’ during the last quarter of the 20th century (Narvaez Rojas, Alomia Peñafiel, & Loaiza Buitrago, 2021:4). Although religion seemingly waned globally during the last part of the 20th century, the Fourth Industrial Revolution brought a renewed focus on the spiritual and humanising needs of the liquid society. Currently there are no signs of religion and spirituality becoming extinct. To the contrary, predictions are that religion and spirituality will grow and expand and probably change form and shape and even content in order to meet the needs of people.

It seems as if religion (including spiritualty) is still happily involved in an intimate relationship with technology, eager to be early adaptors and users of every new or different invention that can be used to proclaim and spread and influence religious beliefs and perceptions. With the aid and support provided by technology, the borderless mega-wall-puzzle that presents the picture of the history of this relationship is still expanding and developing at an ever-increasing pace and with ever-swelling dimensions, colours, and nuances. Constant new discoveries are aiding us to add some of the missing pieces at the historical side of the picture, and on the current side, it becomes more difficult each day to keep up with placing new interactions between religion and technology into the picture.
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Technology and the Rise of the Playhouse

The rise of the playhouse followed, as a rule, the flourishing of dramatic literature since the very beginning of theatre history. From the very early phase of the theatre, which rested solely on the player and the space, to its gradual accretions in architecture, scenography, and modern technologies, the steady influence of the dramatic literature on the stage and the performing area’s subsequent turning indoors have continued hand in hand. Today, technological influence has firmly wedged its foot in, as the theatre’s gravitation towards technologies started inevitably since the receding of the proscenium arch in the 18th century into a box-like frame, and the increasing utilization of stage machinery, electric lighting, the revolving stage, videoclips, and sound recordings systems, run by the computer.

Though some theatre scholars may insist that “theatre building and its concomitant technologies have seldom given birth to new forms of dramatic art that have had a life or significance beyond the immediate entertainment and gratification of its contemporary audience,”1 the development seems to subvert this claim in contemporary theatre, which has witnessed more frequent use of multimedia and other appropriations of technologies as new forms of theatre practice. The uses range from the mere decorative backdrop to exhibit a period or cyber outlook, as in the case of Miss Saigon (1989), to a thematic exploration of human conditions and technology, as In the Wire, a play about turning mysteries of e-mail and technology into a storyline on the stage, presented in August 2002 at the New York International Fringe Festival.2

Contemporary theatre since The Wooster Group has incorporated different technologies into theatre form and introduced two performance languages live and mediatized in the dramaturgical process. The use of technology and intermedia matters especially in the form of video projection or clips, film footage, and recorded music has caught on in contemporary Hong Kong theatre as well, not only among avant-garde or semi-professional groups such as Amity Drama Club but also among major flagship theatre companies, such as Hong Kong Repertory Company and Zuni Icosahedron.3 This integration of technology and art, thematically, aesthetically, and theatrically, has become a trend on the Hong Kong stage, aside from appropriating or adapting traditional Chinese opera or western classics. The presence of inter-mediality in the mise-en-scene is steadily generating a new type of dramaturgical form of art, provided by stage technologies for exposition, narration, and juxtaposition as well as the dramatization of the complex subject matter such as human nature and behaviour. Technologies are offering to the theatre nutrition to examine who we are, raise questions about personal identity, boundaries between living things and machinery, communication, and alienation. In the following, I shall explore this trend of inter-mediality on the Hong Kong stage concerning some local productions in the past years.

Before doing so, a brief introduction to modern/contemporary Hong Kong drama is in order. Modern/contemporary spoken drama in Hong Kong, like its counterpart in China, came from the same source, the West, at the beginning of the 20th century, spanning a history of about a hundred years, and has been coterminous with the rise of a naturalistic theatre of Ibsen–Shaw–Chekhov tributaries in the West. The art form is distinct from classical Chinese theatre, which has a long history of non-illusory performance that has continued to the present day. Yet, contemporary Hong Kong theatre is post-modernist, in a chronological and generic sense, as it bespeaks of a theatre from the 1960s onward, experimental in outlook, exploratory, and intellectual, often self-consciously interested in its identity status and formation. Besides appropriating or reinterpreting traditional theme and matter as well as nourishing itself from western dramaturgy through productions of original and translated plays, some of the works of contemporary Hong Kong theatre accentuates a post-modernist aura by ostensibly having made multimedia technology a regular factor or theme in their productions.



Technology-Inspired Productions on the Hong Kong Stage

Let me first call your attention to two of the productions with historical reflection and contemporary topicality by the Amity Drama Club (致群劇社), a very time-honoured dramatic group in Hong Kong. The first production is The Search for the Spring Willow (1997) that puts a local repertory on stage for self-reflection on its artistic development and direction; it incorporates aspects of Cantonese opera, western dramatic text, and cinematic/intermedial techniques to show a concern beyond the theatre and a historical galloping survey of modern Chinese history since the Late Ch’ing period (1908–1911) to modern-day Hong Kong.

Dramaturgically, this production resorts to multimedia technology, as video interviews of personalities and movie clips of self-narration on the stage serve expository and narrative functions, offering multi-perspective, multi-layered expressions, time and space crisscrossing, montage juxtaposition, highlighting theatre as a means of representing illusion and reality as well as contextualizing its self-conscious objective: an intermedial exploration of theatre in the age of technology.

Staged in 1997, the play is structurally divided into two parts. Part one is set against a Hong Kong local repertory, with its director as a spokesman searching for artistic excellence. He is a Socrates expounding on the essence of the theatre to his drama pupils, and the art, as the Russian director, Stanislavsky, does in his book Building a Character. The second part dramatizes returned students from Japan at the turn of the last century and their establishment of Spring and Willow Society, in search of a practical form of theatre for the betterment of China and its people. These two parts interweave, crisscross and parallel, providing a play-within-play drama, contrasting then and now in 12 scenes, covering a span of 90 years: 1907–1997. The first part begins with the 1977 Hong Kong Repertory’s rehearsal of Harriet Beecham’s Uncle Tom’s Cabin, traversing a setting between 1907s Tokyo and 1997s Hong Kong.

The second part opens with a 1997 interview of a local theatre director and crisscrosses the time and space between 1907 and the present. Both parts are thematically concerned with their respective quests, one purporting to perfect its artistry, the other to better the country and the people. The production relies technically more on devices of the screen and movies, with temporal and spatial contractions and ellipses, fragmentations, and episodes. The mediumistic mixture of this production reminds us of the late British playwright, Joan Littlewood’s experiment in Oh, What a Lovely War in the 1960s. The use of slides and video interviews serves to narrate, explicate, and multiply the dramatic action of the play in such a way that the stage scene is not stuck with stasis and sluggish dialogue. These film clips’ advantages prelude visual stasis and unnecessary dialogue. This production demonstrates salient features of theatre imitating film, a sort of reversal of the trend at the start of the last century when cinema fed on theatre for form and content. However, this film-style feature can also be its weakness as the multimedia performance distracts and dilutes the content of the play at times. The audience would have liked to have the players stay with the scene longer, speak their minds and account for their movements more coherently, and develop their emotions more gradually. In other words, the theatre loses itself by not becoming more of itself. Most criticisms of this production attack its thinness of content as well as its loose form. All these may be attributed to the fact that the theatre is doing something else by playing its scenes more film-like. This brings out an issue as to what constitutes the ontology and episteme of ‘liveness’ in the theatre because of technological innovation or intrusion. This point is noticed by the famous German theatre scholar, Erika Fisher-Licht in her article in Modern Drama, “Quo Vadis?: Theatre Studies at the Crossroads.”4 The live performance in the theatre with a growing mediatized format of representation defines the ontology of here and now and makes audiences perceive “what boundaries there might be between the real and the imaginary, the exterior and interior of the performance.”5

Another 2002 production by the same Drama Club is “Sunshine, the Station Master,” a play about a Chinese couple’s enthusiasm for a life of sunshine and idealism in their search for China’s ancient architecture and its preservation in the 1930s, a time of ideological collisions and the advent of Japanese invasion. The production resorts to almost excessive use of archival film footage to tell the story and evoke the ambience of a bygone era, which are documentations of old architectural findings and the life in wartime China. The many intermedial presences, lauded by the director, Ms Fu Yueh Mei, as facilitating fluid channels of narration and enriching “visual effects” on stage,6 at times are distracting and often relegate the acting of the actor and the actress to a stop and go rhythm, leaving the dramatic fluidity and theatrical ‘liveness’ fragmented and unstable, making the newly emerging aesthetics of the mediatization hard to sink into the audience.

The two productions above display a very similar interest in Hong Kong’s past, present, and future, together with a self-reflexive impulse towards the examination of the stage as a medium of exploration, representation, and even intervention, political as well as cultural. This fixation with the search for an ideal, or identity has been a trademark of the Amity Club’s productions since its inception.7 It is only fitting for the issue of identity construction brought to public awareness both on the eve and in the aftermath of the 1997 hand-over.

The impact of media upon human behaviour is the main theme of another production, Hamlet/Hamlet, a Shakespearean adaptation by the joint venture of Amity Drama Club, Shatin Theatre Company, and Horizon Theatre Group, in 2001, featuring a provocative deconstruction of Shakespeare’s Hamlet. The play is about a modern Hamlet contemplating his fate by watching 1948s Laurence Olivier playing Hamlet on a TV screen and plotting his revenge. The director, Xiong Yuan Wei熊源偉 changed the original with a purpose, though retaining most of the original lines in Chinese. Television sets were installed on all sides of the rectangular stage, which was set in the centre of the theatre.

The incriminating evidence against Claudius for Hamlet’s father’s death, the revelation by the ghost, and the play within the play episode took place on television screens. As if to compensate for the inevitable excision of the bard’s language, the director used media technology as metaphors for illusion and reality, lies and truth, determinacy and ambiguity, and thematically raised the power of the media to the pedestal of an electronic God-worship. When characters are faced with doubt and uncertainty, they look to the screen for guidance. In this play, stage reality inter-textualizes with electronic reality on the TV screen, as modern Hamlet watches Laurence Oliver’s Hamlet on the screen to find clues and justification for his revenge. Other ‘creative vandalisms’ by the director include: the ghost’s appearance under the circumstances of a power failure, the electronic surveillance of Hamlet in place of Claudius and Polonius’ eavesdropping, the substitution of the poetic death of Ophelia by her somewhat lurid death by electrocution, and the presence of a court photographer to record with a video cam all activities; all of these conspire to suggest the power of media and the intricate relationships of human behaviour.8 Hence, mass media infiltrated the life of the characters and dictated their behaviours just as the TV screens mediatized the plot in this production. Man becomes enslaved to technology in a state of anxiety reminiscent of the British poet, W. H. Auden’s prophetic announcement:

……..this stupid world where

Gadgets are gods and we go on talking

Many about much, but remain alone,

Alive but alone, belonging-where?9



The theme of media and communication branched out into cyberspace of the internet as January 2003 saw two internet-inspired productions by the Hong Kong Repertory Company, WWW.com, and Rape Virus. The former was written by a Shanghai playwright, Yu Jung-jun于勇軍, and the latter by a local playwright, Chan Chi-wah陳志華; WWW.com revolves around reality and illusion, communication and evasion of communication in a story in which an estranged couple plays out their desires and fantasies against the virtuality of online communication. The plot is concerned with how the estranged couple goes out to fulfil their desires and happiness denied by each other in real life; the cyber-friendship and online confiding bestow on the couple new identities of intellectual and emotional fulfilment. The irony is that to their shock and surprise, the new confidants on the internet turn out to be not others but themselves. The use of internet technologies dramatizes the intriguing ways modern men communicate with each other, or rather, evade communicating with each other, a dilemma summed up by Harold Pinter in the 1960s:

We have heard many times that tired grimy phrase,

“failure of communication”. I believe the

contrary. I think that we communicate only too well

in our silence; in what is unsaid, and that what takes

place is a continual evasion, a desperate rearguard

attempts to keep ourselves to ourselves. Communica-

tion is far too alarming. To enter into someone else’s

life is too frightening. To disclose to others the poverty

within us is too fearsome a possibility.10



Rape Virus depicts four newly acquainted line users’ (Handicapped, Dick, Pussy, and SM) escapades in the virtual world: plotting to rape a girl one of the four has secretly admired in a bizarrely imaginary and virtual manner through the internet, bragging about sex and violence. With the help of the theatrical configurations of space, the play exploits the metaphoric rape virus and its epidemic irruption through the web. This production again highlights the theme of technologies and the human condition and the over-dependence of humans on technologies. The computer virus not only affects the proper operation of the computer itself but the user as well. The characters in this play, so obsessed with ICQ communication or computer games, and so consumed by their obsessions, are incapacitated to distinguish between illusion and reality, or virtuality and real life; in a way their freedom of action is predetermined by these technological gadgets, which take on a God-like potency to substitute anything, these characters may desire or fantasize, and to affect their modes of sexual gratifications. The revealing name of one of the characters, Handicapped, symbolically epitomizes their existential conditions. Despite their fervent attempt at communication online, their existence remains one of incapacitation and alienation, a precise stage embodiment of Tennessee Williams’ theme of interconnection and isolation:

It is a lonely idea, a lonely condition, so terrifying

To think of that we usually don’t. And so we talk to

Each other short and long-distance across land and

Sea, clasp hands with each other at meeting and at

Party, fight each other and even destroy each other

Because of this somewhat always thwarted effort to

Breakthrough the wall to each other.11



The technology-inspired productions share something in common, as they inevitably engender a new kind of aesthetics in the audience, because of their form and content. This aesthetics is often computer-related with interactivity, immersive environments, and virtual reality, all of which can transform the audience’s sense perceptions and create new forms of communication, fostering what Steve Johnson calls an “Interface culture.”12



Innovation of the Theatre under Covid-19

Since the 2019s havoc wreaked by Covid-19, creators of all art forms resorted more to the internet to let audiences enjoy online art and performance, such as theatre, opera, and concert, etc., just as the churchgoing starts to utilize its access to the AR/VR capabilities to transform the way faith and worship are conducted in light of the Metaverse. These art forms, mixed with gamification devices, such as avatars and the young generation’s growing habituation to the virtuality of the Metaverse, will strive to approximate or duplicate live experience with an added value, that is, inviting the audience’s participation in instant exchange through a chatroom, or in avatars, in the process of the performance, providing multi-angle shots and surtitles, and by performing at venues of specific interest as well as shortening the playtime. All these experimental adaptations aim at arriving at a new way of theatre expression and interactive relationship with the audience under the circumstances.

On this note, I would cite two contemporary works, one in Hong Kong and another in London as an endnote to the theme of this chapter: the integration of technology in art on the stage. Take, for example, the 2021 Production of Du Fu 2.0 by the Prospect Theatre in Hong Kong. It is a stage production of one of the most famous Chinese poets of the T’ang Dynasty around 6th century. From beginning to end, the backdrop screen of the stage was utilized to project the Chinese-character poetry of Du Fu to serve as a cinematic exposition and narration of his life and time. Poetry written in Chinese characters on the backdrop reinforces, with a montage-like juxtaposition, the dramatic action that is being enacted and visualizes the emotive content of the scene on stage, comparable to a technique of poetic fusion of scenery and emotion, Ching Jing Jiao Yung (情景交融) from classical Chinese poetry.

Another case in point is Royal Shakespeare Company’s 2021 online production of Shakespeare’s Midsummer Night’s Dream. A 50-minute drama inspired by the original, it blends live action with digital imagery and gaming technology. The play follows five of the sprites, Puck, Peaseblossom, Cobweb, Moth, and Mustardseed, through the woods, creating an online narrative. The theme of transformation in Shakespeare’s play is embedded into the process. At every performance, the five actors in motion-capture suits will shift around a physical space, sending their on-screen avatars moving around the virtual forest. During the performance, they will react in real time with an online audience disguised as fireflies, inviting audiences worldwide to step into that mysterious forest and help shape the story. Audiences can choose to passively watch the story or interact with the actors/characters by becoming fireflies using their computer cursors to move around their screens at home. It is a piece of theatre plus a video game. The fusion of the physical and the virtual becomes a new way of storytelling.

The examples mentioned above represent a new form of theatre to portray technology and human nature and offer an exciting theatrical synthesis of technology and art. But the mere presence of technology or mediatization cannot give birth to viable and durable new forms of dramatic art if the inclusion into the theatre of the technology of computers, the information highway, the World Wide Web, and even the web 3 toys with only a trendy veneer.



Live Performance and Mediatization

Luckily, most of the mediatized inclusion or incursion, as evidenced by the above productions, has done more than that. It is to be expected that this mediatized theatre will become more the bill of fare and integrated enough to transform the audience’s consciousness or modes of perceptions, upon which the shaping of theatre will have to be based, so much so that the historical context of liveness in the expectations of the audience can accommodate and mitigate the usual bias that “the live event is ‘real’ and that mediatized events are secondary and somehow artificial reproductions of the real.”13

No better time than is here and now to raise a question concerning the issues of ‘liveness’ and dramatic intensity in mediatized performance: Where is the line to be drawn so that this mediatization in the theatre will not overstep its bound at the expense of the essence of the theatre as an art form? Perhaps the question could be asked from another angle: Is the line of difference between theatre performance and mediatization going to disappear somehow and somewhere in future? By asking these questions, I hope to acknowledge “the specificity to the experience of live performance”14 as well as the ubiquitous presence of mediatization at the same time.

Perhaps, we may even alternately accept the fact that the theatre has always been threatened by the ‘escalating dominance’ of the media, and that the theatre and other live forms of performance are competing dangerously with mediatized forms in terms of cultural formation and consumption. That said, I may sound begging the question of ‘a binary opposition’ between the live and the mediatized, though this opposition has become more and more untenable, as the televisual and mediatized environment is fast becoming, in the opinion of Phillip Auslander, “an intrinsic and determining element of our cultural formation.”15 Theatre performance as live performance can lay claim to its liveness even in the ever-growing mediatized culture. Hence, in light of the productions, theatre practitioners in Hong Kong, like their counterparts in the rest of the world, should recognize the relationship between the theatre and mediatization, diminish their unnecessary anxiety about the erosion of live performance and, instead, realize the growing blurring between the live and the mediatized at the aesthetic and epistemological levels in the age of the Metaverse.



Notes

	Arnold Aronson (2009) “Technology and Dramaturgical Development: Five Observations”, Theatre Research International 24(2): 188–197.

	A brainchild of Joshua Putnam Peskay, the writer; Jessica Putnam Peskay, an actress in the play who is married to Mr. Peskay; and Mathew A. Peskay, the director and Mr. Peskay’s brother. The play is about unravelling some of the complexities of the Internet and technology.

	Wave 2003, an experimental group, staged two performances this year, 2056-Pilot Version 1.0.《2056–測試版 1.0》, A Simple Day in the Life of Paradox《柏羅托斯簡單的一天》; other examples include Zuni Icosahedron’s Lover’s Discourse and Hong Kong Repertory Company’s Formula of the Thunderstorm《雷雨謊情 》, David Lam Theatre’s Happy Prince《非常林奕華》《快樂王子》: All of these works incorporate technology as form or content in their stage productions.

	Erika Fisher-Licht (2001) “Quo Vadis?: Theatre Studies at the Crossroads”, Modern Drama 44(1): 60–63.

	Alice Rayner (1999) “Everywhere and Nowhere: Theatre in Cyberspace”, in Michael Kobialka (ed.) Of Borders and thresholds: Theatre History, Practice, and Theory, Minnesota: University of Minnesota Press, 278.

	See notes by the director in “Sunshine, Station Master” Programme, 2002.

	Previous works of the Amity Drama Club, The Clan of Generals (1981), Man of La Mancha (1982), Man! Oh, Man (1985), The Search for the Spring Willow (1997), and And the Boat Sail on (1997) have all borne this trademark.

	Xiong Yuan Wei (2000) “From Classic to Modern: A Director’s Note to Hamlet/Hamlet”, Hong Kong Drama Review 2: 93–94.

	W. H. Auden (1947) The Age of Anxiety, New York: Random House, 44.
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Introduction

Cloete (2015, 2016, 2017b, 2019) emphasised the social embeddedness of technology and the ambiguous impact on religious and educational institutions. The ambiguous impact of technology alludes to the complex nature of technology. While technologically mediated education, for instance, could provide broader access to students who cannot attend in-person classes, it could exclude the very same constituency it promises to reach. Many students who cannot attend residential universities or in-person classes unfortunately often lack digital literacy (skills) and resources such as a stable internet connection to effectively engage in online teaching and learning. The interactive nature of technology could create opportunities for more active participation of students, but the very same characteristic, however, made it possible for students to use technology during classes for non-educational purposes. The use of technology in education results in the need for an increased budget to maintain and upgrade infrastructure and upskill both lecturers and students, while the use of technology does not automatically guarantee effective teaching and learning (Cloete 2017b:4).

Similarly, digital religion that includes religion online (religious information) and online religion (practising religion online) shapes a different form of community than what we came to know and experience offline. Online communities are primarily formed by individual choice based on personal needs and preferences, and commitment is often very fragile, as people can leave any time. In contrast to the scattered online communities, offline communities are shaped by context and situatedness and not so much by personal choice (Cloete 2015:5). Online communities can complement offline communities, while they could also actively resist traditional forms of community. Online religious communities give more authority (power) to users, while offline communities often operate based on power seated in an individual or individuals. As such, online communities are often more self-serving than in service of the other/world. Online communities represent a mixture of different religious traditions informed by individual choice, resulting in what is sometimes referred to as ‘broccoli spirituality’ (Cloete 2016:4–5).

It is hopefully becoming clear that the impact of technology on society and our everyday living is not linear. Therefore, the processes involved in the development of sophisticated technology require continuous constructive engagement to establish a reasonable understanding of the nature of technology as a medium whereby life is mediated. Moreover, I want to argue that such reflection becomes more urgent as we begin to understand the significant impact of technology and its ability to enhance, but at the same time reduce, our being as humans. I would like to plot the discussion against the backdrop of the image of a chess game, where two actors have limited opportunities to make moves on the board to progress in the game and eventually complete the game when one is the winner. Checkmate in the game of chess means that moves in the game have become limited: the king is attacked and there is no possible move to safeguard the king. It basically means the game is over, and the winner makes the final move.

Although I do not necessarily see technology as an opponent or enemy of humanity, I do, however, think it is a formidable actor that needs to be reckoned with on the playground of life. In the game of chess, each move counts and could determine the outcome. It would help if you can imagine the serious faces of the players and how deeply they think before they make their next move. However, the game does not depend only on the act of thinking, however important that may be. More is needed; each player has the responsibility to make a move. Similarly, we as humans are participants in a project that is bigger than our individual life, where we must decide which values will inform our participation. As human beings, we are interconnected and in a direct or indirect way in a relationship with one another and with nature. I would like to describe this connectedness here as our responsibility towards the kind of life we create and in which we participate.

Before we engage with the promised frameworks that could help us understand the vision of technology for our lives, it may be useful to briefly explain what is meant with technology and a technology-driven world.



Technology and a Technology-Driven World

To critique technology is difficult, because we are so dependent on it and cannot live without it. Although the use of different forms of technology gives us the feeling that we are independent, we are becoming more dependent on technology (Du Toit 2019:5). The benefit of technology is widely known – just think how it bridged the gap of distance during the Covid pandemic, enabling many of us to continue our work by teaching fully online. It literally saved our jobs and our income. No wonder some hold a Messianic view (Du Toit 2019:10) of technology, implying that it can save us from a lot of pain and disaster in life. Technology is expected to bring order in the world, and that signifies a key component of progress (Herzfield 2009:4). Initially, technology had a defensive role, but with genetic engineering and nanotechnology, this function has changed, as the focus is now on creating something entirely new. Herzfield (2009:8) states: “The new products of modern technology do not simply disclose or shape nature but replace nature”. With reference to the work of Postman (1993), Herzfield (2009:8) underscores the status of technology in contemporary culture as seeking satisfaction and authorisation from technology. Technology is not just gadgets or tools, but includes techniques, processes, and methods of how they could be used. These three elements (techniques, processes, and methods) are important for this chapter, because they present a broader understanding of technology and point to the complex process of production and use thereof. We often think of technology merely as the products we can buy and use, but these products come with a certain set of values; what they can be used for and how to use them. Moreover, only a few role players are involved in the production process, implying that consumers have little to no say or input in the production process.

Brent (2016:8) holds the view that no technology is genuinely novel, because it would not be adopted if it did not address existing needs and desires. It does, however, address these desires in unanticipated ways, and the use thereof could lead to the reformulation of existing values. It is, however, important to realise that technology does not comprise neutral instruments or tools that are under absolute human control. The fact that technology could be used to reach different outcomes, for example healing people or scamming people out of their money, means that the choices of users are significant. Therefore, I would like to argue that technology and especially how it is utilised by consumers mirrors the existing values of humanity. One could argue that this cyclical pattern between the development of technology, the acceptance, and the use thereof demonstrates technological determinism and neutrality of technology being at play simultaneously.

Brent (2016:10) describes this as a continuous (cyclical) tension between the determinative and instrumental tendencies of technology. The question of this chapter is also situated within this tension: What or who will ultimately gain the biggest power in this tension? Who will make the final move on the board? Will it be the prescriptive power of technology or the values of humanity that are demonstrated in how we use them? In the words of Brent (2016:10), “it is far from clear whether a technoculture will primarily be the product of a determinative force beyond human control or an artifact of human inventiveness afforded by technology’s instrumental neutrality”. The manufacturing and use of technology are both value-laden processes that alter our being in the world. Put differently, a world driven by technology impacts us at an existential level (Cloete 2015:1; Fourie 2020:22).

Apart from the value-laden process that is inherently part of a world driven by technology, another layer of this social embeddedness is the economic level. Peters (2015:140) states: “Both biology and economics are driven by a single law: survival of the fittest”. In the transhumanism project, money talks, and therefore the values of the free-market capitalism become a primary driving force. Therefore, it is safe to argue that technological development is firmly embedded within existing political and economic power and should serve the agenda of these masters. Peters (2015:145) explains it aptly by stating: “No way exists to liberate technological progress from the vested interest of the economic and political powers which make such progress possible”. The companies that invest in the research and manufacturing of cutting-edge technology expect corporations to produce profit (Du Toit 2019:4). Although money could be made by investing in technological development, the spread of the profits is not even.

Despite many technological advances, South Africa remains one of the most unequal societies in the world. Technological development is important as an economic and a cultural force, but are the stakes not too high if it deepens inequality instead of alleviating it? This is one of the main concerns articulated by Schwab and Davis (2018:4): the uneven spread of benefits produced by technology. Increased inequality and social injustice are indeed a tremendous challenge, especially in developing countries such as South Africa, caused by the need for higher-skilled educated people while lower-skilled/-paid workers are displaced by technology (McMaster 2018:139). I would like to now turn this enquiry to the relationship between technology and everyday living.



Technology and Everyday Living

Although it is common knowledge that technology affects every sphere of life, it does not necessarily mean that we critically reflect on how the use thereof impacts our everyday living. I guess it is easier to formulate a vision of the future controlled by technology than to dissect the impact thereof on everyday living. Although several applications promise that we could be connected at any time anywhere, it does not necessarily include in-person contact, but rather machine-operated or technologically mediated communication. The hyperconnectivity carries with it the benefits and the burden of being available all the time. This over-connectedness may lead to many having more scattered and distanced virtual connections but unstable and weak offline and immediate connections. As we continue to migrate to virtual spaces, interpersonal relationships may suffer. Uleanya (2020:33) states that: “technological gadgets tend to serve as a double-edged sword: serving as enabling devices on one end, and aiding the weakening of social ties and roots, on the other end”.

When we are in the physical presence of others, we struggle to focus on what is happening in the moment and we will easily ignore people speaking by using our phones or laptops without looking at them and paying attention to them. It seems that we came to value mediated communication more than in-person communication. Banda (2019:3) argues that human identity is commodified within a technological age. Technology is understood as a commodity that is only available to those who can pay for it. This leads to the commodification of human identity that is no longer depending on our intrinsic values of being human, but rather on the extrinsic qualities that could be acquired. This shift in identity formation is described as the ‘thingification’ of human identity, when people are reduced to things that can be bought. According to Banda (2019:2), “[t]he essence of human identity becomes anchored on commodities owned by the individual or marketable functions fulfilled by the individual”.

We became so used to taking instructions from machines, store our personal information on digital devices, yet we must live with the risk of being hacked any time. Let us now turn to transhumanism, posthumanism, and singularity and the future envisioned, created, and dominated by technology.



Transhumanism

Julian Huxley (1967) first used the term ‘transhumanism,’ by which he meant that humans could transcend themselves if they wished to. This understanding of transhumanism does not mean that humans as we know it should be replaced, but only enhanced (Peters 2015:132). The Transhumanist Declaration by the former World Transhumanist Association (2010: n.p.) states as follows:

Humanity will be radically changed by technology in the future. We foresee the feasibility of redesigning of the human condition, including such parameters as the inevitability of aging, limitations on human and artificial intellects, unchosen psychology, suffering, and our confinement to the planet earth.



In similar fashion, Childs (2015:9) defines ‘transhumanism’ as providing us the vision of perhaps “the most dramatic scenario for transcending the boundaries of human nature as we have come to think of it”. Peters (2015:133) understands the aim of transhumanism as the recontextualisation of humanity in relation to technology, which operates on three levels, namely a metaphysical, psychological, and ethical level. The metaphysical level implies that the world is continuously involved in a complex process of evolution, while the psychological level holds the view that humans instinctively want to evolve for the sake of their own well-being and survival. According to the ethical level, humans should foster their will and ability to evolve to find meaning and purpose.

In his fascinating reflection on the relationship between technology and the future of humanity, Harari (2018:3) argues that three stories have been told to the world, namely the fascist story, the communist story, and the liberal story. Today, only the liberal story remains, because both the others collapsed. The liberal story centres on power and liberty and is expressed in democratic regimes that replaced dictatorships. Within democratic regimes, it is assumed that people can think for themselves and make choices that suit them (Harari 2018:4–5). As we have the responsibility to create and update the story of the world in which we will live, the acceleration of technological development could be understood as part of fulfilling this task. Transhumanism could be viewed as an adjusted liberal project or vision that lost faith in the globalised idea thereof, and therefore instead emphasises individual choice.

Cahill (2014:85–88) elaborates on the worldview that informs transhumanism and explains that it understands human flourishing as experiencing only pleasure, and therefore suffering needs to be eliminated. Everything that could cause human suffering, such as aging, illness, and sadness, should not only be reduced, but we should also reach a stage where people can choose a life without these elements. This world characterised by pleasure and the absence of suffering will be made possible by technological advances. Moreover, it is the responsibility of humans to create this future world, where individual freedom and liberty are fundamental pillars. In the world created by the transhumanist vision, the body is optional and essentially viewed as the mind. Put differently, what constitutes human beings are not their bodies, but their minds. Childs (2015:9) states that transhumanism is a “progeny of the Enlightenment tradition”. As such, transhumanism is the continuation and advancement of the Enlightenment that centres human reason and scientific progress to create a better world.



Posthumanism and Singularity

While transhumanism focuses primarily on the extension of human life, posthumanism signals going beyond being human as we know it (Fourie 2020:21). According to Childs (2015:10), “[p]osthumanists anticipate the arrival of Singularity”. This process will be a result of the acceleration and increasing levels of abstraction of technological advances that could change being human beyond recognition. Rapid technological changes therefore could result in an irreversible change of life as we know it. Singularity also refers to the integration or melding of humans and machines. Peters (2015:134) states that “human intelligence will leap from human bodies to machines, making hi-tech machines more human than we are”. We could therefore live a longer disembodied, yet more intelligent, life. According to Campbell (2016:303), posthumanism has the overturning of a human-centred world in mind, presenting a new state of existence. To reach this state of existence, humans need technological intervention to save us from ourselves and transcend our current physical, emotional, and cognitive limitations. Major drivers of the posthumanist vision are already at work through artificial intelligence, whereby smart machines mimic human intelligence, bioengineering that makes gene editing possible, and nanotechnology that enables the control of atomic and molecular levels (Fourie 2020:13–15). Mind uploading is the goal representing the merger of human and machine to such an extent that the differences between the two become insignificant (Fourie 2020:20).



Comparing the Vision of Posthumanism (Singularity) with That of Christian Theology

At first glance, the vison put forward by transhumanism and posthumanism seems good and something from which humankind could only benefit. We can only imagine a world without pain and suffering, but this has never existed in our lifetime. Here is a reminder of the values underlying transhumanism and posthumanism (Cahill 2014:85):


	Eternal life filled with pleasure and the absence of suffering

	Human capability to transcend its current limitations and therefore altering our nature is a good act

	Individual choice and freedom; in short, autonomy

	Disembodied intelligence.



Fourie (2020:32–33) points out that a dual eschatology is developing, where technology is saving us from all pain and other bodily limitations we may have. Therefore, he invites us to take on the responsibility to theologically evaluate this technological eschatology and contrast it with Christian eschatology. Drawing on the work of Karl Barth (1981), Cahill (2014:88–90) compares the posthumanist and theological visions of human life. I present a summary of this comparison in Table 19.1 that follows:


Table 19.1 A comparison of the potshumanist and theological vision of human life.


	Posthumanist vision of human life
	Theological vision of human life





	Life is a personal possession, and individuals have autonomy to make decisions regarding their life according to own desires and interests.
	Human life is a loan that needs to be respected and lived before God and in fellowship with other human beings.



	Life is good and should be protected (extended) at all costs.
	Life is good, but not the ultimate good, and therefore health and longevity should not become the highest goal in life.



	Humans can change the world and themselves as they find best.
	Humans are creative, but such creativity needs to be used in correspondence to God’s work, and not independently.



	Autonomy and freedom of choice are ultimate values.
	Humans are free to choose to be obedient to God.



	The body is reduced to a mind (memory).
	Anthropology is grounded in Christology.






At first glance, the posthumanist and theological visions show similarities, but it is only at a closer and deeper look that it become clear that there are fundamental differences. Peters (2015:143) describes the difference between the posthumanist vision and that of theology as that of becoming and coming. While posthumanism envisions a future made possible through humans becoming engendered and controlled by technology, the theological vision is about the coming of God’s Kingdom, which is not under our control and therefore a mystery. It should therefore not be a surprise that religion is often regarded as an obstacle in the way of the posthumanism dream, because religion assists people in accepting death by providing comfort in times of grief. Religion is also often accused of living in the past by resisting change (Peters 2015:142).



Checkmate or Opportunity for Social Responsibility?

How do we ascertain what move to make? Due to the complex and value-laden nature of technology, the unintended consequences could be significant for the human agenda. This implies that there are aspects that will not be known beforehand but may have a significant impact on who we are becoming. Accelerated manufacturing and use of technology make it a moving target and the impact on who we are and become is not clear at the best of times. The emphasis on the paradoxical effect of technology confirms that the impact thereof can go in any direction.

Du Toit (2019:10) states that the envisioned future as articulated by posthumanism could lead to techno-religion that includes an artificial ‘God’ of which the primary functions will be fulfilled by technology. The fear of humans to become enslaved by their own inventions is addressed in many science fiction movies (Du Toit 2019:5). Peters (2015:140) warns that the posthumanist vision does not reckon enough with the ability of humans to act in destructive ways and assumes that decisions people make will only be constructive. However, history has taught us a different lesson on how destructive human action could be. The existence of viruses that could cause significant damage to information/data stored on computers is a case in point. It is therefore a naïve and unrealistic understanding of the nature of humans that assumes that virus-fixers will always be the winners in securing data.



Where to from Here?

Avoiding technology is not an option, as we need it in our everyday living, and we can all testify how it has improved our lives. Therefore, I would like to make a few suggestions for responsible living in a technology-driven world.


Living with Tension through Embracing and Resistance

Technology is here to stay, and so is religion. Venter (2020:74) suggests two postures for theology to engage with emerging technologies, namely, to embrace what technology offers, but at the same time to resist that which is not acceptable. This is no easy task, as these seem to be the exact opposite tasks, and, therefore, we need wisdom to discern what to do when. Choice is everything in a technology-driven world and so is responsible living. Van den Berg (2012:2) argues that spirituality should play a role in decision-making in a fast-changing virtual world.

Herzfield (2009:17) provides an interesting example of how an Amish community in Pennsylvania decided to make choices regarding technology by using the following questions:


	Does the technology provide tangible benefits for the community?

	Does the technology change the relationship between the individual and the community?

	Does the technology change the nature of the community?



From a theological perspective, the community is important, because communities shape our identity and should therefore take the lead in assisting us in faithful and meaningful living. To develop the skills for living with ambiguity, I suggest attentive living, discernment, and dialogue as theological processes and spiritual practices to inform our everyday living.



Attentive Living, Discernment, and Dialogue

We will have to live more attentive lives where we try to ascertain the time in which we are living. Being present in the moment is something we struggle with, but it could assist us to live more authentic lives. The processes behind transhumanism and especially posthumanism are called ‘rapidification’ and ‘social acceleration’. Subsequently, we start living in fear of losing out and of a lack of time. This leaves us time poor. Although freedom is promised, acceleration results in competition and imbalanced lives characterised by ‘frenetic activity’ (Schertz 2018:358). Erling Kagge (2018:37), a Norwegian explorer, describes the times in which we are living as “the age of noise”, where silence does not exist. He argues that we need silence not because it is better than noise, but because we are losing bits of ourselves and are becoming addicted to all the distractions we must deal with constantly.

From a business perspective, Lanteri (2021:273) gives an interesting overview of the impact of the Fourth Industrial Revolution on business. The average lifespan of businesses listed on the Fortune 500 was about 60 years for the past 50 years, but today, it is only 18 years due to the continuous and accelerated changes to which businesses must adapt. Lanteri (2021:279) describes the change that is taking place because of the Fourth Industrial Revolution as “a shift in kind rather than degree”, meaning these are very deep changes that cause disruption and ask for new approaches, rather than just an update of existing ones. He proposes foresight as a process to engage this ongoing change in a strategic manner and defines ‘foresight’ as follows:

Foresight is aimed at the future, by connecting it to the past and the present. In other words, it is an exercise rooted in the past to uncover the dominant forces that determine strategic success in the future, so that companies can respond now.

(Lanteri 2021:274)



We are familiar with the phrase “Speed Kills” as part of the Arrive Alive campaign in South Africa. I guess speed kills in more than one way, not only as part of driving, but also when we do not reflect on what it takes to live a meaningful life. I wish to argue that we need similar spiritual processes that slow us down to reflect on where we are heading so fast. We need to revisit and even revise our theological literacy (knowledge and skills) to practise attentive living that is informed by discernment. Venter (2020:65) articulates this task as follows: “The theologian should read the signs of the time and rethink the way theology speaks”. Theologians, be it in the academy or in faith communities, need to take the responsibility of naming the time in which we are living.

What does discernment entail? Although discernment takes place in our mundane everyday living, it becomes paramount during times of rapid change that bring us at crossroads where we must contemplate on the way forward. It includes reflection on our experiential reality and should therefore result in practical wisdom that provides guidance for everyday living (De Villiers 2013:140). Another way to describe discernment is by explaining what it is not. Discernment is not a power play where the ideas and instructions of people in power count alone. Moreover, it is not only a cognitive process, but includes our experience and emotions. It focuses not only on the future (looking forward), but an important aspect is also looking back to the past, remembering God’s presence and faithfulness in the past (De Villiers 2013:143–144). It is exactly this recognition of God’s presence in the past that ignites the living hope that God is also present now and will provide in the future, and that gives discernment a contemplative gaze (De Villiers 2013:149). Discernment is therefore more than mere judgement to distinguish between good and evil but is a hermeneutical process to discover the way of God in our time (Waaijman 2013:8–9). Discernment necessitates dialogue. Theology can be understood as a dialogical enterprise (Venter 2020:67). A valuable partner, I think, is the arts. Considering the vision to live forever as articulated by transhumanism and posthumanism, the song by the famous rock group Queen came to mind, and I quote sections of the song:

There is no time for us

There is no place for us

What is the thing that builds our dreams, yet slips away from us?

There is no chance for us

It’s all decided for us

This world has one sweet moment set aside for us

Who wants to live forever? Who wants to live forever?

Forever is our today



I find this song a good example of how the artist tried to engage with death by questioning it, while seemingly accepting it at the same time. In the end, the question is not about death, but why we want to live and do so forever. What will be good about living forever as proposed by posthumanists and singularity? The arts may assist us in asking the best questions for our time. In an insightful article, Elliot (1982) argues strongly yet in a nuanced manner for firstly the recognition of relationship that exist between technology and the arts and secondly for the value of arts specifically in this relationship. He describes this relationship as an important and intimate one. The arts can assist us in thinking critically about the world we are creating and living in by expanding our consciousness and subsequently our freedom, which is often threatened by technological advances as argued in this chapter. Moreover, art can trigger our imagination and curiosity which are essential skills for the time we are living in. Begbie (2018) makes a similar connection between the arts and transcendence, especially as understood from a Christian theological perspective. He (2018:7) argues that this relationship is even more relevant and valuable in our current post-secular context where there is a perceived loss of the traditional theological transcendence often described by concepts like secularisation and desacralisation. In Begbie’s (2018:8) own words, the arts

seem to provide a means of restoring at least some of what was so attractive about a premodern outlook- a sense of awe, wonder, ambiguity or mystery perhaps, a recognition of forces at work in our world that elude the grasp of instrumental reason.



These are convincing reasons for theology in the academy and faith communication to foster this relationship.




Conclusion

Although the benefits and promises offered by technology are mindboggling, we should not lose sight of how the use thereof is transforming who we are (identity) and our everyday living. The chapter reflects on the complex and value-laden nature of technology that makes it difficult to foresee the impact on everyday living and human becoming. How technology is used is another component that makes the outcome more evasive. We are invited not to think of the vision articulated by transhumanism and posthumanism as something that does not concern us, because most people will be excluded from the benefits it promises. Moreover, we are encouraged to live with the ambiguity produced by technological advances with a dual response, namely, to embrace and resist. Attentive living, discernment, and dialogue specifically with the arts, are suggested as spiritual processes to guide us. Technological development is happening fast and is infiltrating all spheres of life, and we have a personal and communal responsibility to make wise moves to prevent a situation that could be described as checkmate: where technology becomes the single power that dictates life and the values by which we live.
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Introduction

All areas of our lives have been impacted greatly by technology and the translation industry is no exception. In the past, translators finished their work using paper and pen (hair pencil or quill pen in ancient time), typewriters, and dictionaries. As you can imagine, without the aid of technology, the translation process would take a lot of time to complete. Fortunately, since the rise of the computer and the Internet from the 1990s, much has changed: Word processor of the computer has replaced the pen and typewriter; translators access many digital resources (dictionaries, glossaries, corpus) via the Internet; new translation platforms have reduced communication time with clients and between peers; and the new workflow has helped us to select the best talents in the world. All in all, technology has made translation work easy and very effective.

The translation industry specifically started on its road of massive growth when technology stepped in with which computer technology and the Internet created a wide range of tools and convenience for this industry. As technology expanded, so did more amount of content need to be translated for us to access other corners of the world and to reach other markets and audiences. Enhanced productivity, communication, and quality assurance tools are also needed to be provided by technology. Recent years have seen the advance of increasingly efficient translation and translation-related technologies, such as neural machine translation (NMT) and crowdsourcing-style translator procurement platforms, and ChatGPT, a latest released dialogue ChatBot by OpenAI, which can translate your query as you requested. These artificial intelligence (AI), big data, and algorithm driven online systems are hailed as great successes in media-/technology-/vendor-led public discourse.

However, in light of the notion of ‘solutionism’ that all difficulties have benign solutions (Baker, 1984:54), there may be a risk that unintended adverse consequences of these technologies on users remain obscured. As a result, a correct assessment of the influence of technologies on human translators or translation learners may become difficult. In order to identify such unintended consequences of translation technologies, this chapter explores end users’ perceptions about how technology has been affecting their translation practices following the introduction of the history of translation technology and specified translation technologies.



Translation Technology

Translation technology is the use of software tools that support the process of converting written text from one language to another. As is the case of most work aided by technology, translation technology tools can increase productivity, accuracy, and overall effectiveness. Nowadays, the term “translation technology” encompasses everything from translation memories and translation management tools to machine translation (MT), virtual interpreting technology, and even voice-to-text technologies.

Before the emergence of translation technology, translation was done manually, with translators consulting paper dictionaries and using their best judgment, as we mentioned above. The birth of translation technology changed it all: Translation memories store previous translations to inform and expedite future projects; translation management systems help automate repetitive processes and increase control; MT generates the target texts automatically; virtual interpreting technology relieves interpreters in the booth and allows them or the MT avatar to involve in interpreting remotely; voice-to-text technology realizes speech translation instantly and simultaneously.

Here, we can list the advantages of translation technology tools that allow businesses to have but not limited to: (a) ensure quality by checking for spelling and grammar errors; (b) increase consistency across content by storing previous translations that can be reused or consulted in future projects; (c) improve operational efficiency by automating translation management tasks; and (d) accelerate time-to-market by enabling the production of more content in less time.

Before we go into more depth on the various types of translation technology, let us go back in time and examine how translation technology evolved.



The History of Translation Technology

Some of the techniques used in modern translation technology can be traced back to the 9th century when an Arabic cryptographer named Al-Kindi developed the method of frequency analysis that is still used today. However, it was not until the mid-20th century, when computers became available and affordable, that translation technology truly began to take shape. Translation technology has been around for more than 70 years since the birth of Electronic Numerical Integrator and Computer, the first programmable general-purpose electronic digital computer in 1946. But translation technology has only grown more essential as our world has become increasingly interconnected.

Here is a rough overview of the evolution of translation technology in Table 20.1:


Table 20.1 Evolution of translation technology


	Timeline
	Milestones





	1950s
	Georgetown University and IBM introduced the world’s first machine translation (MT) system. The approach was rule-based and lexicographical, which means that it relied on pre-programmed rules and dictionaries. Although this early form of MT proved unreliable and slow, it was still revolutionary—a stepping stone on the path toward more advanced technology.



	1970s
	The U.S. Department of Defense and Defense Advanced Research Projects Agency started developing speech recognition technologies that paved the way for voice-to-text technologies.



	1980s
	The arrival of electronic dictionaries and terminological databases during this decade was another major turning point. These tools helped to make translation more accessible by providing translators with instant access to information (terminology with its translation) that could be used during the project.



	Mid-1980s
	The precursors of modern translation management systems (TMS) entered the scene from the hand of Coventry Lanchester Polytechnic University and its ALP System.



	Late 1980s – early 1990s
	IBM researchers introduced statistical machine translation. These systems were word-based and trained to translate one language into another by comparing large amounts of parallel texts in both languages (bilingual corpora). For example, they would analyze how often the German phrase “das auto” was translated as “the car” vs “the vehicle” vs “the automobile,” and choose the most frequent translation for the text at hand.



	Early 1990s
	Most commercial computer-assisted (or aided) translation (CAT) tools appeared during this decade—a milestone that transformed translation technology forever. It enabled a whole new generation of translators to work more efficiently and effectively.



	Late 1990s
	A new version of IBM’s statistical translation engine, this time phrase-based instead of word-based, was released. It became the commercial standard for years to come until Google entered the fray in 2006 with their neural machine translation (NMT) technology.



	Early 2000s
	The first cloud-based TMS solutions appeared in the market, enabling translation teams to work more flexibly and collaborate with other company members regardless of location.



	2006
	Google launched Google Translate—still statistical—which took the world by storm. The system first translated the input text into English before translating it into the target language. The system used predictive algorithms, which would guess which words should come next, based on the words and phrases it had “learned” before. These guesses often resulted in poor grammatical accuracy.



	2016
	Google Translate introduced NMT, which outperformed phrase-based CAT tools and became the new commercial standard.



	2022
	OpenAI, a partner of Microsoft, released its AI-generated content (AIGC) product named ChatGPT, which can generate the target text as users’ request and complete translation in a conversational way.








The Main Types of Translation Technology

Table 20.1 has shown that modern translation technology is constantly evolving, with new innovations coming every year. What follows is a non-exhaustive list of the most popular translation technologies.


Computer-Assisted/Aided Translation (CAT) Tools

CAT tools are software applications created to support translators in their daily work. CAT tools use translation memory, the databases of previous translations from a specific source language to target language as well as frequency information, segmentation data, and a wealth of other resources to aid the translation process and terminology management, the term bases storing collected terms and fixed expressions in a bilingual or multilingual manner.

Visually, a CAT-tool interface usually displays two columns or panels: One shows the source text, and the other displays the target text. Typically, the tool will segment the source text into chunks—sentences or paragraphs—to make it easier for the translator to keep track of the flow of information. Figure 20.1 is the interface of SDL Trados Studio 2019, a widely used CAT tool purchased by RWS in 2021.


[image: An exhibit depicts an interface of the software S D L Trados Studio 2019.]
Figure 20.1 SDL Trados Studio 2019.

CAT tools usually have a large number of functions, such as: translation memories, which allows translators to reuse previous translations; term bases or glossaries, which can be used to search for brand-specific or project-specific terminology; the option to click through to secondary resources for additional context, such as images or comments left by other translators, the project manager, or other company stakeholders; advanced search and navigation tools; reports detailing how much of the translation has been completed; auto-completion of segments if they are an exact match to previously translated content; quality assurance tools to search for errors in the translation, such as untranslated segments, missing numbers, or instances where the same word has two different translations; the possibility of generating a final translated document that automatically mirrors the original document’s format; integration with other translation technologies, such as NMT engines; and so on.

For companies, CAT tools have revolutionized translation technology, making it easier to optimize the translation process and to deal with large amounts of content in a more efficient way in order to save both time and money. For translators, CAT tools can relieve them from the repetitive tasks and use the time saved on these tasks to focus more on the translation itself and on more creative translation tasks.

CAT tools always integrate the module of translation project management (see Section Computer-Assisted/Aided Translation [CAT] Tools) which are also highly scalable and customizable. This makes them invaluable for any business to streamline its translation process based on the specific needs of its content and target users.



MT

MT is a fully automated system that allows for the production of target texts without human intervention. It is not a new phenomenon. However, the advances of this technology have taken place in recent years that have led to a rise in the use of MT. MT differs from CAT tools in that it does not rely on human translators’ confirmation to the output but produces translations entirely on its own.



Types of MT

Since their inception, MT engines fall in one of the three following categories: rule-based machine translation (RBMT), statistical machine translation (SMT), and NMT. RBMT is the engine that translates words and sentences based on a set of rules that can be adjusted by the linguists/users. SMT is the system that translates based on a corpus (a large body of parallel texts) that the engine has been trained on. NMT is the engine that is AI-powered and capable of mimicking the way a human brain works when processing language. In a nutshell, thanks to machine learning and neural network technology, these engines are capable of understanding entire sentences and even paragraphs at once instead of translating word by word. We (Liu and Zhang, 2023) have reviewed the above three types of MT in detail in another Routledge book chapter. Until 2016, MT systems were based on the statistical approach. Today, most MT engines are neural.



Machine Translation Post-Editing (MTPE)

Companies can choose whether to use completely raw and unedited MT or to hire human translators to refine the output, depending on their goals and needs. The latter is called “machine translation post-editing (MTPE),” and it can be either light or full. The rise of MTPE is a result of the varying quality of machine translation output depending on many factors.

Languages of dissimilar syntax such as English and Chinese may be harder to translate accurately than languages with similar grammars, such as Spanish and French. So the language pair at hand will affect the MT quality too much and more post-editing efforts will be made in the English–Chinese translation than in the Spanish–French translation. A general-language document tends to translate more accurately than, for example, a legal text. The general domain MT will have less efforts in post-editing because of the less inconsistency in terminology translation. Whether the source text undergoes pre-editing to eliminate certain elements that may cause the translation engine to struggle will influence the quality of MT as well. The output from the cleaned input source texts will have less post-editing. The scope of the project and the amount of data available for training the engine is also important because the general domain training data is easier to be obtained than the specified domain training data. The use of editing resources or human translators to refine the translation output will definitely improve the quality of MT even though the post-editing is not the expectation at all of the fully automatic MT. For those who intend to use completely raw and unedited machine translation, the suggestion will be: Use a state-of-the-art MT engine that is highly trained and powered by AI technology, and most important, mark it with AI-generated texts.

Thanks to modern technology, it is also now possible to identify the quality of MT output focusing on post-editing resources and distances where they are most necessary. This is called MT quality estimation. Different types of texts will be suitable for different levels of editing. For example, the translation of a website’s FAQ page may require light editing while the translation of a literary work might need full editing. However, a press release with an un-post-edited translation will directly impact the brand’s reputation as normal. By the same logic, sensitive content such as financial statements should always be handled by human translators as well in post-editing.

In this way, we may draw several practical conclusions when we are using MT. First, we would better use raw MT for low-impact, quickly perishable, and unambiguous content. For example, to gist the translations of internal documentation, user-generated content like product reviews that consumers generally expect low-quality, customer inquiries, or frequently amended content like feature and information updates. Second, you would better apply light or full MTPE when your brand may suffer as a result of inaccuracies. It is the case of product titles and descriptions that tend to contain proper names and polysemous words, knowledge bases, press releases, etc. Third, remember to please leave it in the hands of human translators whenever top quality is key and there are no monetary or time constraints, especially for those legal, financial, or technical documents for which accuracy and consistency are paramount and have a highly creative collateral designed to drive action.

Because MT is nowadays integrated in most modern CAT tools, the work of post-editors could be aided by and with CAT tools’ features. Glossaries, term bases, and translation memories and brand books and style guides are all helpful for post-editing of MT. This makes it very feasible to keep a certain kind of translation style and key messaging consistent across cultures and languages with MTPE.



Translation Management Systems (TMS)

A TMS is a software platform designed for translation project management at scale. It streamlines the translation process from start to finish, creating a workflow from the initial request to project completion, and allowing users to plan, assign, and manage translation projects in an organized manner. Figure 20.2 shows a general translation project management workflow:


[image: An exhibit depicts an interlinked network between a project manager, account manager, and quality control personal.]
Figure 20.2 Workflow of translation project management (https://www.maxitrad.com/en/languages-translation-documents.html).

TMS solutions can be neither cloud-based nor on-site according to the needs of users. In general, they all include a core set of features such as support for multiple languages and file formats, a dashboard that displays a project’s status and provides access to essential tools in one place, the option to automatically push (import) content into the TMS for translation and pull (export) it back after project completion, the ability to streamline processes by adding users or importing existing translation requests from other systems for easier collaboration with third-party providers, the ability to assign, modify, or release tasks at any point in the project, a reporting function that provides a clear overview of progress across all projects, user role management that maintains a separation between those who manage projects and those who translate them, real-time collaboration for active teamwork and reduced project turnaround time, CAT-tool functionalities, such as glossaries, term bases, and translation memories, MT capabilities that help speed up the translation process, and out-of-the-box integrations and application programming interfaces (API) for connectivity with existing systems and other tools such as content management systems (CMS), UI design tools, version control systems, and more.

The best TMS solutions are flexible enough to grow together with business and allow users to create their own workflows and customize the software according to the needs of specific projects, departments, and teams.




Positive and Negative Impact


Positive Impact

Technology has broken down the barriers of time and space, enabling global business via constant connectivity. Over two decades, we have witnessed the enormous growth of information technology with the accompanying advantages of speed, visual impact, ease of use, convenience, and cost-effectiveness. At the same time, with the development of the global market industry and commerce function more than ever on an international scale, there has been increasing freedom and flexibility in terms of exchange of products and services. As more nations open their doors for noncitizens, translation has become an important tool to bridge the gap between global and local communication. The nature and function of translation is inevitably affected by these changes.

Furthermore, the Internet with its universal access to information and instant communication between users has created a physical and geographical freedom for translators that were inconceivable in the past. IT has produced a screen culture that tends to replace the print culture, with printed documents being dispensed with and information being accessed and relayed directly through computers (e-mail, databases, and other stored information). These computer documents are instantly available and can be opened and processed with far greater flexibility than printed matter, with the result that the status of information itself has changed, becoming either temporary or permanent according to need. In effect, the language barriers to further globalization are being surmounted by translation technology: “Automated translation systems may be either a centrifugal factor that fragments the world, or a centripetal force that binds cultures closer together. Both trends could well occur simultaneously” (Belluomini, 2006).

In this fast-paced, ever-connected world, consumers demand seamless experiences that are as user-friendly and accessible as possible. They also want high-quality products and services that are culturally sensitive and adapted to their needs. The process of adapting a brand’s message, look, and feel to a given culture or location is called localization. While localization may involve different aspects, such as product packaging, web design, or business strategy, it is the culturally aware translation of a brand’s message into a specific language that is at the core of successful localization.

In the context of the information economy, this can mean having to deliver dozens of content types, in multiple languages, to a diverse range of audiences. Translation technology enables businesses not only to meet these challenges but also to maximize translation spending by increasing speed and quality while reducing cost. Today’s decision makers who have to strike a balance between the expectations and demands that come with globalization while keeping a close eye on costs and productivity can rely on translation technology to help them deliver on all fronts. Translation technology allows companies to go global quickly, easily, and affordably by enabling them to streamline the entire localization process. It provides them with scalable, efficient solutions that can help them reach new markets faster and more effectively than ever before.



Negative Impact

Lack of sufficient linguistic resources for many languages and domains has been identified as currently being one of the major obstacles in further advancement of automated translation. Language reflects society’s constant evolution, which is why it is still easier for humans to keep up than it is for machines. Natally Kelly, author of Found in Translation explains:

Professional translators take care to ensure that the message resonates with a foreign audience as the original author intended it to. Machines still lack the ability to do this. A machine doesn’t have a sense of humour or the ability to choose the perfect words for a target audience.



It is important to stress that automatic translation systems are not yet capable of producing an immediately usable text, as languages are highly dependent on context and on the different denotations and connotations of words and word combinations. It is not always possible to provide full context within the text itself, so that MT is limited to concrete situations and is considered to be primarily a means of saving time, rather than a replacement for human activity. Some people are also confirming the fact that Google translator produces nonsense most times which actually has fueled the demand for professional human translation.

Again, MT requires post-editing in order to yield quality target text. So, despite the effectiveness of MTs, professional translators must still review the final translation in order to ensure accuracy and cultural correctness. Also the expense associated with translators is excessive. Take for instance although the European Union must translate over 1 million pages per year, and, as new members are added, more languages require translation (Cajvaneau, 2002; Miller, 2006), the expense associated with the translation is attributed to the nonconcentrated use of human resources. This is as a result of the fact that MT alone does not provide the type of accuracy that is needed due to its failure to recognize the subtleties within languages and various companies are attempting to address the deficiency. According to Belluomini (2006), the ultimate intent of multilingual communications is being able to not only translate, but provide cultural interpretation as well.




The Future of Translation Technology

Translation tools are already much more nuanced than they were even just a couple of decades ago, thanks to machine learning. Translation technology will only grow stronger as AI continues to advance. However, translation will never be completely automated because human translators and specialized MT tools have their own advantages that complement each other well. That is, humans are great at creatively thinking outside the box, and AI is ideal for automating repetitive tasks. As a result, experts agree that the future of translation will combine human intelligence and AI-powered MT to produce the best results. In the end, human translators and AI tools will work together as a single translation team with each member playing its distinctive role. We will likely transition from computer-assisted human translation to human-assisted computer translation. MT post-editing will ensure that AI-generated translations are accurate and fluent, while human translators will make the final creative changes to cater for specific audiences. The ‘visible’ and ‘predicable’ AI-powered MT types might include: multimodal MT and interactive machine translation.


Multimodal Machine Translation (MMT)

MMT involves drawing information from more than one modality, based on the assumption that the additional modalities will contain useful alternative views of the input data (Sulubacak et al., 2020). The most prominent tasks in this area are spoken language translation, image-guided translation, and video-guided translation, which exploit audio, image, and visual modalities, respectively. These tasks are distinguished from their monolingual counterparts of speech recognition, image captioning, and video captioning by the requirement of models to generate outputs in a different language.

Spoken language translation (SLT), commonly referred to as voice-to-text translation or automatic speech translation, is the method of translating spoken words from one source language to another. As such, the source-side modality distinguishes it from traditional MT. Systems must establish a complicated input–output mapping because they have to conduct both modality conversion and translation at the same time, which is a challenging task. The SLT task has been influenced by several early, significant works, and it has been supported since 2004 by the speech translation tasks of the IWSLT evaluation campaign. A pipeline strategy was traditionally used to handle SLT, effectively dividing multimodal MT into modality conversion and unimodal MT. End-to-end systems, usually based on NMT architectures, have been proposed more recently. In these systems, the source language audio sequence is directly translated into the target language text sequence (Weiss et al., 2017; Bérard et al., 2018). Although end-to-end methodologies have just recently been developed, they are quickly catching up to the pipeline systems paradigm, which has been the standard for decades.

Image-guided translation is indeed a contextual grounding task in which the objective is to improve the translation of the texts by utilizing the images’ semantic correspondence to the documents. One of the key motivations for this task is the effort to overcome ambiguities by visual cues. Image caption translation, where the correspondence is linked to sentences being the descriptions of the images, is a widely used application of IGT. The first translations of image captions were mainly pipeline methods: Elliott et al. (2015) offered a pipeline of visually conditioned neural language models, and Hitschler et al. (2016) developed a new multimodal retrieval and re-ranking approach to the issue. IGT gained a lot more focus from the scientific community once the WMT multimodal translation shared task was introduced (Specia et al., 2016). The popular methods used nowadays depend on visually conditioning end-to-end neural MT systems with visual information extracted from cutting-edge pretrained convolutional neural networks. Using images when translating captions is theoretically extremely helpful to manage grammatical features (e.g., noun genders) in translating between different languages, as well as addressing translational ambiguities, despite current debate on the efficacy of the visual modality under specific dataset and task conditions (Elliott, 2018; Caglayan et al., 2019). Additionally, Caglayan et al. (2019) demonstrated how cutting-edge models may employ the visual signal when source captions are purposefully distorted in a simulated low-resource setting.

In contrast to image-guided translation, which focuses on static images connected with the textual input, although video-guided translation (VGT) is also a MMT task, it addresses video clips (and possibly audio clips as well) instead of static images. There may be variations in VGT based on the textual content. The source text could be a textual explanation of a scene or an action shown in the video, frequently written for persons who are blind or visually impaired. The source text can also include speech transcripts from the video, which are typically split as standard subtitles. Consequently, both SLT (time-variant audiovisual input) and IGT (indirect correspondence between source modalities) may cause considerable challenges for VGT. The relative insufficiency of datasets is a significant obstacle impeding development in VGT. Despite the fact that a sizable collection, like the OpenSubtitles corpus (Lison and Tiedemann, 2016), can give access to a vast number of parallel subtitles, there is no associated audiovisual content because the relevant movies are not freely accessible. This problem has begun to be addressed by recent initiatives to compile freely available data for VGT, such as the How2 (Sanabria et al., 2018) and VaTeX (Wang et al., 2019) datasets. We hope that these projects will stimulate more studies on VGT, even though there has not been enough time to fully assess their effects.



Low-Resource MT

Low-resource MT extends MT research from rich-resourced languages pairs such as English–French or Chinese–Japanese to low-resources language pairs such as Malayalam–English or English–Telugu. NMT has emerged as a preferred alternative to the previous mainstream SMT approaches largely due to its ability to produce better translations. The NMT training is often characterized as data hungry since a lot of training data, in the order of a few million parallel sentences, is generally required. This is indeed a bottleneck for the low-resourced languages that lack the availability of such resources. The researchers in MT have tried to solve the problem of data sparsity by augmenting the training data using different strategies (Gupta et al., 2021).

Plenty of works have exploited monolingual data in NMT systems, which Wang et al. (2021) categorize into several aspects: (1) back translation, which is a simple and promising approach to take advantage of the target-side monolingual data, (2) forward translation also called knowledge distillation, which utilizes the source-side monolingual data, (3) joint training on both translation directions, which can take advantage of the monolingual data on both the source and target sides, (4) unsupervised NMT, which builds NMT models with only monolingual data, and can be applied to the language pairs without any parallel data, (5) pre-training, which leverages monolingual data with self-supervised training for language understanding and generation, and thus improves the quality of NMT models, (6) comparable monolingual corpus, which contains implicit parallel information and can improve the translation quality, and (7) enhancing with bilingual dictionary, where the bilingual dictionary is used together with monolingual data to enhance the translation on low-resource languages. In this section, we provide an overview of these methods on exploiting monolingual data in NMT.

Human languages share similarities with each other in several aspects: (1) languages in the same/similar language family or typology may share similar writing script, word vocabulary, word order and grammar, (2) languages can influence each other, and a foreign word from another language can be incorporated into a language as it is (referred as loanword). Accordingly, corpora of related languages can be exploited to assist the translation between a low-resource language pair. The methods to leverage multilingual data into low-resource NMT can be categorized into several types: (1) multilingual training, where the low-resource language pair is jointly trained with other language pairs in one model, (2) transfer learning, where a parent NMT model usually containing rich-resource language pairs is first trained and then fine-tuned on low-resource language pair, and (3) pivot translation, where one or more pivot languages are selected as a bridge between the source and target languages and, in this way, the source-pivot and pivot-target data can be exploited to help the source-target translation. In the following subsections, we introduce the works in each category, respectively.

Though lots of efforts have been made on low-resource NMT as surveyed, there still remain some open problems: (1) In multilingual and transfer learning, how many and which auxiliary languages to use is unclear. Intuitively, using multiple auxiliary languages may outperform only one, which is worth exploration. (2) Training a multilingual model including multiple rich-resource languages is costly. Transferring a multilingual model to an unseen low-resource language is an efficient approach, where the challenge is how to handle the new vocabulary of the unseen language. (3) Bilingual dictionary is useful and easy-to-get. Current works focus on taking advantage of bilingual dictionary on the source and target language. It is also possible to use bilingual dictionary between a low-resource language and auxiliary languages in multilingual and transfer training. (4) Current approaches have made significant improvements for low-resource languages that either have sufficient monolingual data or are related to some rich-resource languages. Unfortunately, some low-resource languages (e.g., Adyghe and Xibe) have very limited monolingual data and are distant from rich-resource languages. How to handle such languages is challenging and worthy of further study.



Multilingual Neural Machine Translation (MNMT)

MNMT, which translates multiple languages using a single model, is of great practical importance due to its advantages in simplifying the training process, reducing online maintenance costs, and enhancing low-resource and zero-shot translation. Given there are thousands of languages in the world and some of them are very different, it is extremely burdensome to handle them all in a single model or use a separate model for each language pair. Therefore, given a fixed resource budget, e.g., the number of models, how to determine which languages should be supported by one model is critical to multilingual NMT, which, unfortunately, has been ignored by previous work (Tan et al., 2019).

The standard paradigm of MNMT proposed by Johnson et al. (2017) contains a language-shared encoder and decoder with a special language indicator in the input sentence to determine the target language. Because different languages share all of the model parameters in the standard MNMT model, the model tends to converge to a region where there are low errors for all languages. Therefore, the MNMT model trained on the combined data generally captures general knowledge, but ignores language-specific knowledge, rendering itself sub-optimal for the translation of a specific language. To retain the language-specific knowledge, some researches turn to augment the NMT model with language-specific modules, e.g., the language-specific attention module (Blackwood et al., 2018), decoupled multilingual encoders and/or decoders (Escolano et al., 2021) and the lightweight language adapters (Bapna and Firat, 2019). However, these methods suffer from the parameter increment problem, because the number of parameters increases linearly with the number of languages. Besides, the structure, size, and location of the module have a large influence on the final performance, which requires specialized manual design. As a result, these problems often prevent the application of these methods in some scenarios.

There are multiple scenarios where MNMT has been put to use based on available resources and use-cases. The following are the major scenarios where MNMT has been explored in the literature: multiway translation, low-resource translation, and multi-source translation. Multiway translation is constructing a single NMT system for one-to-many (Dong et al., 2015), many-to-one (Lee et al., 2017), or many-to-many (Firat et al., 2016) translation using parallel corpora for more than one language pair. In this scenario, we make a very generic assumption that parallel corpora for a number of languages are available. Here, the ultimate objective is to incorporate a number of languages into a single model. Little to no parallel corpora exist for most language pairs in the world. Multiple studies have explored using assisting languages to improve translation between low-resource language pairs. These multilingual NMT approaches for low-resource MT address two broad scenarios: (a) a high-resource language pair (e.g., Spanish-English) is available to assist a low-resource language pair (e.g., Catalan–English). Transfer learning is typically used in this scenario; (b) no direct parallel corpus for the low-resource pair, but languages share a parallel corpus with one or more pivot language(s). Documents that have been translated into more than one language might, in the future, be required to be translated into another language. In this scenario, existing multilingual complementary content on the source side can be exploited for multi-source translation. Multilingual complementary content can help in better disambiguation of content to be translated, leading to an improvement in translation quality.



Interactive Machine Translation (IMT)

Interactive MT (also called interactive translation prediction) is an editing mode for translators who interact with MT output. In this mode, the MT system makes suggestions for how to complete the translation (“auto-complete”), and the translator either accepts suggested words or writes in their own translation. When the suggestion is rejected, the MT system re-computes its prediction for how to complete the sentence from the given prefix and presents the corrected version to the translator (Knowles and Koehn, 2016).

Interactive translation is beneficial to human translators and translation seekers. Faster turnaround of document translations: The gisting and suggestion helps the translator breeze through the translation task with minimal typing. Regular users use relatively less number of keystrokes in IMT as compared with both manual typing and the PE process. High-quality translation due to human–machine interaction: Language is inherently divergent and human translators cannot quickly enumerate all acceptable variants of a translation. On the other hand, in general, MT has not yet reached human quality though it can provide a number of variants. Combining the strengths of both human and machine through interaction helps in getting higher-quality translations compared with the individual processes. Another interesting use case of interactive MT is in low-resource settings where NMT is not able to churn out the most fluent translation. However, along with human help, this can lead to producing better translations, as compared with other mixed-initiative processes like post-editing often used in computer-assisted translation tools. Opens translation tasks to non-expert translators: Expert human translators are often scarce for a large number of language pairs and are expensive to hire. In some countries (such as in the Indian subcontinent), it is easy to find multilingual speakers with native and near-native proficiency in multiple languages, and interactive MT systems enable non-expert translators to perform translation tasks through gisting and suggestions. The requirements of less proficiency also makes such a system more amenable to a non-expert large, crowdsourced setting where the objective can be to gather more data for low-resource languages.

ChatGPT is a natural language processing tool driven by AI technology that allows users to have human-like conversations and much more with a chatbot. The language model can answer questions and assist you with natural language processing tasks, such as composing emails, essays, code, and translation in an interactive way. ChatGPT was created and launched by OpenAI, an AI and research company invested by Microsoft, on November 30, 2022.

The horizon looks bright: Translation technology will continue allowing translators to focus on more complex translations, leaving the tedious and repetitive tasks for AI-powered tools. It is no longer a question of whether or not to use translation technology; the next question is: Which one?




Conclusions

Over the years, translation has undergone a lot of changes, like in other industries. The change is significant in terms that the desktop version of the translation is now replaced with the online software and cloud storage for the database.

Similarly, the transition from hard copies shifted to e-files. For instance, the use of dictionaries was common. Translators surfed through pages to find the correct term in the target language. Now, thanks to glossaries and translation memories, translators can convert a unique translation copy within the desired amount of time. No information is ever truly lost if it is on the online storage! So translators can benefit from translation project management due to advanced technology. With a wide variety of these updates, translators have the opportunity to update themselves and improve their translations.

Self-learning technology is still far away but it does not mean we are standing at a dead end. The use of AI tools and resources has enhanced the translator’s cultural skills. An AI tool may not translate the body language so that is why a human translator’s input is required for now. They can read between the lines to figure out what a person wants to say. MMT, low-resourced MT, and multilingual MT, interactive translation, including the latest launched ChatGPT are all performed based on the machine-learning mechanism and make translation technology go to AI.
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