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Abstract 

In 1986, a group of Spanish architects decided to physically recreate an 

icon of modernist architecture. Mies van der Rohe’s German pavilion 

for the Barcelona World Expo of 1929 was at the cutting edge of spatial and 

structural innovation but its influence was limited to what we 

understand through drawings, photographs, limited film footage and 

historical interpretations. We can now physically visit the pavilion and 

experience it but what of all the other pavilions by famous (and less famous) 

architects that are no more? It would be costly and time consuming to 

physically rebuild all of them, however virtual reality (VR) technologies and 

human computer interaction (HCI) methods can bring them back to life. 

International expo pavilions are temporary structures designed to be at the 

cutting edge of structural and material technology but what makes them 

unique and inspirational is seldom preserved directly, their architectural 

insights, experiential richness and cultural significance are easily lost. This 

paper asks: How might immersive digital experiences of space help us to 

recapture ‘authentic’ experiences of history and place? What implications 

does this have for architectural history, heritage and conservation?  

The authors offer some answers to these questions by presenting 

preliminary results from a larger project entitled ‘Learning from Lost 

Architecture’: a virtual reconstruction of the Italian Pavilion at the Paris 

Expo of 1937. Firstly, we will contextualise the practice of digital cultural 

heritage and present its potential for immersive, investigatory 

architectural experiences. Secondly, we will critique our own practice to 
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better evaluate the potential of virtual reconstructions to affect 

architectural learning, discovery and historiography.

Barcelona, 1986 

When Ludwig Mies van der Rohe designed the German Pavilion for the 1929 Barcelona 

International Exposition he would have imagined, like all the other architects designing their 

nation’s pavilions, that soon after the Expo’s close his structure would be gone and largely 

forgotten. History has shown us otherwise. Thanks to the space for innovation afforded by 

its status as a temporary structure, the Barcelona Pavilion entered the canon of modern 

architecture along with Mies’ ‘canonisation’ as one of the four great modernist ‘masters’. 

Had Mies lived to 100 he would have seen his pavilion brought back into being. When Oriol 

Bohigas wrote to him in 1959, Mies agreed to lead the reconstruction but the project did 

not go ahead until well after his death ten years later.1 The work of the Fundació Mies van 

der Rohe in Barcelona exemplifies how physical and virtual reconstructions of temporary 

architecture can work together, creating a ‘complete’ experience of architectural space and 

place. But what of the sense of history? In neither case can we completely travel back in 

time to experience the newness of the exhibition architecture for the first time, instead 

revisiting a particular time, with specific cultures, via the concept of “cultural presence”2, or 

the feeling of being in a place constructed, inhabited and modified by a different culture.3 

Recapturing Pivotal Movements in Architectural Innovation 

Modern Architectural history was dramatically shaped by revolutionary innovation 

experienced firsthand at exhibitions and World Fairs. The pavilions were unique sites of 

spatial, structural and material innovation—highly resourced, competitively sourced and 

tasked with displaying a nation’s cutting edge.4 Yet architectural historians are seldom 

resourced to leverage sophisticated Virtual Reality equipment, heritage organisations are 

only recently recognising modern architecture (especially temporary exposition buildings), 

and technology’s ability to create richer, immersive experiences of built environments is 

only now becoming feasible as an educational resource and scholarly tool. 

A strong practice exists of recording information about historical buildings using Building 

Information Modelling (BIM), Geographic Information Systems (GIS) and other 3D 

modelling primarily for research, documentation, conservation, and recreation of buildings.5 

However, the architectural accuracy of BIM and GIS projects fails to create a sense of 

embodied presence or provide experiential learning.6 
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Embodied Learning links the development of creativity and critical thinking, bridging 

interdisciplinary connections between science and art.7 However, researchers have 

insufficiently studied embodied learning applied to architectural history, and the 

consequent effect on the practice of historiography. Interaction designers have evaluated 

embodied learning methods in virtual reality with users, demonstrating successful support 

of spatial visualisation in anatomy learning in an active, experiential way.8 How, then, can 

this impact learning about lost architecture? Design, analysis, and evaluation of interactions 

with and around technology increasingly use the concept of embodied interaction.9 This 

paper presents preliminary investigations into how these methods can effectively and 

affectively transfer to virtual experiences of architectural space. According to Waters, 

Hughes and Hughes,  

Virtual Reality transports the mind beyond the two-dimensional bounds of text 

and photographs; it engages the imagination and forms visual and cognitive 

links. VR can free participants from stereotyped bounds projected by society 

… the stories of these technological wonders and numerous related artefacts

… can be fully explored and used to motivate the inquiry process.10

In addition to extensive research within the gaming domain, several applications of Virtual 

Reality (VR) extend people’s current knowledge and capabilities. Research in Human 

Computer Interaction (HCI) currently focusses on supporting human interactions in virtual 

environments, including interactions with objects to explore cultural heritage,11 enriching 

feedback through multi-sensory engagement;12 and enhancing understanding of large 

datasets through embodied navigation.13 Our research builds on previous investigations in 

embodied interaction and virtual environments, leveraging digital technology with multi-

sensory feedback and embodied navigation, to create a phenomenological experience of 

past innovative architecture, providing new opportunities for scholarly discoveries. 

Current VR practice in architecture and expositions 

A preliminary review of current 3D visualisations of International Expositions revealed no 

complete reconstruction, virtual or otherwise of the Paris Expo of 1937 despite its relative 

fame amongst 20th Century Expositions. Existing Expo visualisations are mostly fly-overs 

or walkthroughs of deserted sites. Examples include: a 3D reconstruction of the 1913 

Ghent World Fair;14 the World Expo Museum’s virtual reality fly-over of Shanghai, the 

former site of Expo 2010;15 a virtual tour of Monaco pavilion at the 2015 Milan Expo;16 and 

UCLA’s recreation of Chicago’s World’s Columbian Exhibition of 1893, experienced in a 
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CAVE (an immersive virtual reality environment where are projected on three to six of the 

walls of a room-sized cube).17 

Virtual reality is increasingly accessible for architectural practices, home users, and cultural 

and educational institutions as a new delivery mode for content. Due to digital games and 

visual effects in films the public has high expectations of immersive, engaging experiences. 

However, architectural history repositories of 3D content are scattered; inaccessible; 

lacking in features or narrative; or only available on specialised technology. Online 

collections generally don’t exploit the scale, sensory richness and potential of VR, 

biofeedback and sensory technology now available. Meanwhile, logistical difficulties exist 

for Australians and New Zealanders attempting to visit the sites, recreations and VR labs 

of Europe or the USA. In terms of tools and repositories, UCLA is developing VSim, highly 

detailed models with associated historian narratives and resources; the Smithsonian has a 

3D online viewer of some of its artefacts; Europeana has a 3D model collection; 3D-ICONS 

aims to produce architectural masterpieces for Europeana; and Cyark is a project to 

digitally preserve heritage at risk and has online 3D models but it is still unclear how the 

public can access the models.18  

Challenges of virtual reality and exposition pavilions 

Embodied learning requires the viewer to believe they are ‘really there’ in the virtual 

environment. However, is this enough to create what we call ‘embodied discovery’ of 

innovative practices, where architectural scholars can construct their own understandings 

of lost spaces? Virtual reality relies on sight and sound to block stimuli from the ‘real world’ 

and replace it with the virtual environment. What of the other senses people use for 

navigating the world—smell, taste and touch? These senses are more primitive, creating 

strong emotional responses, triggering memories, and providing background information 

to human interactions with the world. Without emulated smells of 1937 Paris air, the feel of 

the marble floor, and the touch of a breeze, how realistic can any emulation of the Paris 

World Exposition be? Researchers have explored multi-sensory virtual reality with touch, 

smell and taste, but corresponding device development is in its infancy.19 Sensory devices 

and related interface methods can augment the ocular-centric tendencies of Virtual Reality 

environments.20 However, deciding on shared and contested levels and elements of 

authenticity21 has proven more difficult, some have even argued that photorealism creates 

its own problems for both critical understanding22 and for historically and culturally 

appropriate interaction.23 One solution may be to convey attenuating, location-specific, 

graduated sensory input, modulate sound, view or shaders in relation to the level of agreed 

upon knowledge, modulate viewpoint by avatar chosen, or depict the stability or opacity of 

116



built objects according to the level of trust in the authenticity of the records.24 User 

experience research will determine which sensory stimuli will augment embodied learning 

and discovery in the virtual reality pavilions. 

The nature of World Expositions calls into question whether this project may unintentionally 

detract from the original pavilions’ aura. Ephemerality is part of their value. A World Expo 

is fleeting, elevating the memory of the visit because the buildings will soon be lost forever. 

Constructing magnificent buildings, only to tear them down a year later reinforces the costly 

investment, enhancing the pavilions’ financial and cultural status. Would the audience 

value exposition visits as much if they could conveniently revisit the site anytime later in 

virtual reality?  Is archiving a 3D pavilion replica for posterity a fitting tribute to what the 

buildings represent? Or would a temporary virtual exhibition, to be deleted afterwards, 

better exemplify the ethos of the expositions? 

The virtual reality experience itself may oppose embodied learning and discovery. Although 

presence can transport the audience emotionally to another place and time, the person 

remains aware of their physical location. The mediating technology, whether a head-

mounted virtual reality display or an immersive installation, never completely disappears. 

The novelty of virtual reality creates an experience focused on the technology, distracting 

from the experience of the virtual reality content. This tension between the technology and 

the content informs the virtual experience, challenging designers to shape this new space 

into an embodied environment to provide an immersive, meaningful experience of a 1937 

pavilion in 21st Century technology. 

Paris 1937 and the larger project 

Of the 20th Century Expositions, Paris 1937 stands out as the last Universal Exposition, 

dedicated to Peace in a political climate on the brink of global war. Each country recruited 

its most famous architects to design a pavilion responding to the expo theme: ‘Arts and 

Techniques in Modern Life’ while presenting the best of its nation to an international 

audience.25 The Learning from Lost Architecture project will create embodied experiences 

of the interior and immediate exterior context of five pavilions chosen for their architecture, 

innovations, design or integration with modern art (Australia, Finland, Italy, Japan and 

Spain). The chosen pavilions represent different political, cultural and geographical 

contexts, including a mix of well-known and lesser-known structures. We will also create 

the walk under the Eiffel Tower along the expo’s main avenue to experience the famous 

‘stand-off’ between the German and USSR pavilions by Albert Speer and Boris Jofan.  
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The Italian Pavilion, our initial prototype, was designed by the country’s most famous 

architect, Marcello Piacentini. The equally influential Giuseppe Pagano designed the 

interiors and was director of the exhibition designs. The Italian Pavilion’s reinforced 

concrete structure was a modernist interpretation of the Classical tradition, housing 

innovative exhibition design of the 1930s developed at the Milan Triennale. We chose the 

Court of Honour for our initial prototype as it acted as the ceremonial entrance to the 

building from the neighbouring street, bringing visitors face-to-face with a large bronze 

statue of Italy who Flies Across (Italia Trasvolatrice) set against a shimmering wall of blue-

grey mosaic tiles, soaring up the pavilion’s six-storey tower. One side of the colonnade was 

a solid wall decorated with frescoes and in front of them was an exhibit of four venerable 

objects showcasing Italy’s technological advances: from Galileo’s telescope to the latest 

propeller (Figures 1 & 2).26 

Figure 1. Marcello Piacentini & Giuseppe Pagano, Italian Pavilion, 
1937 Paris Exposition. Plan showing court of honour and other 

spaces seen in the virtual model. Source: authors. 

Figure 2. Marcello Piacentini & Giuseppe Pagano, Italian Pavilion, 
1937 Paris Exposition. Colour render of pavilion entry. Authors & 

Photographs of court of honour from Casabella. 
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Creating cultural presence for discovery in history 

To create and test the phenomenological experience the broader project Learning from 

Lost Architecture will employ a user-centred, iterative development approach to explore 

new forms of interaction, embodiment and collaboration linked specifically to the methods 

and findings of architectural history (Figure 3). The project will investigate which aspects of 

the virtual reality experience promote the strongest sense of ‘being there’ while providing 

an environment conducive to interpretation of the designer’s intentions for lived experience 

of the built environment. The innovations inherent in temporary expo pavilion architecture 

have strongly influenced subsequent designers, but think how much more far-reaching the 

impact would be if designers and historians could cross over from visual and intellectual 

stimuli into the realm of embodied experience to make their own discoveries. Books, fly-

throughs and current virtual reconstructions of canonical architecture impose a specific 

view dictated by the architectural historian or the virtual reality artist. Virtual reality with a 

user-driven interface can extend our imaginative space through embodied movement, 

design and interaction, empowering the audience to become the agents of their own 

understanding of space.27 

Figure 3. Iterative development model. Source: authors. 
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Creating an immersive experience of lost architecture is a complex process beginning with 

the traditional methods of architectural history: collection, collation and interpretation of 

primary source data for the pavilions, including plans, sections, photographs, film footage 

and contemporary descriptions. These were used by architectural modellers, VR 

specialists and VR developers to construct our initial Italian Pavilion prototype. This input 

material and the initial prototype will feed into a virtual place-making approach through a 

series of user evaluations and co-design workshops with architecture students, 

architectural historians, architectural designers and urban planners, exploring their needs 

and design ideas. These activities will interrogate what different user groups seek in an 

immersive experience by defining what can be understood from current information 

sources, and what is lacking. The workshops will comprise small group discussions, forum 

reporting and critiquing of envisioning tasks to sketch their ideal experience and imagine 

possibilities of emerging digital interactive technologies. The researchers will introduce 

existing 3D models of buildings, including the Italian Pavilion VR prototype, to participants 

during the workshops for inspiration (Figure 4). Workshop outputs then contribute to 

developing the interactive experience and the four remaining pavilion VR models. The 

research will evaluate with users the experience in an immersive CAVE environment (EON 

Icube Mobile) to the use of mobile phones in wearable headsets (Samsung Gear VR), and 

head-mounted displays (HTC Vive) gauging the role played by shared experience through 

person-to-person interaction, facial expressions, body language and dialogue with other 

end-users in the same space of the cube. 

Figure 4. Screenshots of virtual model of Italian pavilion showing 
the different views available. Source: authors. 

A limitation to using iterative development with user experience testing to create cultural 

presence is that we can only include the receiving culture in the design process—modern 

day architectural historians, students and designers. Personal input from the transmitting 

culture, the original architects and population in 1937 is limited to personal descriptions 
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through diary entries, descriptive articles and architects’ statements which lacks the 

richness of direct human participation.  

Initial prototype: the Virtual Italian Pavilion 

The VR development team created a first stage prototype to act as a discussion prompt in 

the user experience research to find out what additional elements would be needed for an 

embodied architectural experience. Applications were exported for EON Icube Mobile, 

Google Cardboard, HTC Vive and Samsung Gear VR so that multiple platforms could be 

tested. Google Cardboard’s low resolution and limited field of view resulted in a poor sense 

of immersion so this platform was deemed unsuitable for the project. Further, the SketchUp 

model initially supplied could not be accurately imported into Autodesk Maya, so the 

models had to be constructed over again. 

Developing for the EON Icube Mobile created a challenge for the development team. The 

Icube could only display static objects, so advanced capabilities of VR such as objects 

moving in the breeze, real-time lighting and shadows, and moving water were impossible 

to display on this platform. To facilitate this limitation the development team followed an 

architectural visualisation pipeline which fixed, or ‘baked’, lighting and shadows onto the 

models’ texture maps. The process for developing the preliminary prototype can be seen 

in figure 5. 

Figure 5. Development pipeline of initial prototype. Source: authors. 

This process meant that the headset VR apps also had static objects with baked lighting 

and shadows, reducing the realism even though these headsets are capable of greater 

fidelity than the EON Icube Mobile. In future iterations of the prototype, an adapted pipeline 
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will diverge earlier to keep fidelity as high as possible (figure 6). The development team will 

use Unreal Engine instead of Unity 3D for Samsung Gear VR and HTC Vive because of its 

greater rendering quality and speed on those platforms. 

Figure 6. Revised development pipeline. Source: authors. 

Through an expert evaluation, the prototype revealed three main insights: the value of non-

architectural information, the importance of movement and the value of detail. Non-

architectural information such as lighting and weather conditions are intrinsic to spatial 

experience. In the preliminary model the image of the sun and clouds were fixed in the 

texture of the sky to simulate a generic, fine-weather day (Figure 6). The use of precise 

location of the sun based on the time and date, longitude and latitude would create 

shadows similar to those present during the exposition to encompass various weather 

types throughout the Exposition’s duration (25 May 1937 to 25 November 1937). Even 

better would be a system that allows people to experience different lighting and weather 

conditions to see the architecture in different environmental contexts. 

Movement and intuitive self-navigation to explore the space are also key to immersive 

experience. This became apparent when comparing the experience inside the EON cube 

with the Samsung Gear VR and HTC Vive. The higher resolution of the head-mounted 

displays can make the environment seem more ‘real’, however the EON Icube Mobile 

affords the ability to walk around inside the cube as one does inside physical space 

(albeit within a 3m x 3m limit). It also possible to relate to others, seeing facial 

expressions and body language, comparable to the experience of physical 

architecture. Navigation devices used across the various platforms can detract from 

immersion. The EON Icube Mobile and HTC Vive require use of a hand-held controller 
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and Samsung Gear VR has a button on the headset. Concentrating on the navigation 

device causes participants to feel like they have one foot in the ‘real’ world, preventing 

them from experiencing total immersion. 

Our third insight echoes Mies himself—‘God is in the details’. The prototype model 

omitted the background sights and sounds of the site. Views of a generic streetscape 

from the virtual windows diminished the atmosphere of the fair which, in 1937, would 

have included paving surfaces, visitors walking past in 1930s clothes, voices, the river 

lapping around the shores and glimpses of the other pavilions. We contend that these 

and other sensory stimuli will help match the viewer’s mental schema, building 

credibility in the experience and the sense of ‘being there’. This allows for more 

effective immersion in an embodied discovery experience. 

The other important detail is the integration between the experience of art and space. 

Pagano felt strongly about the unity between art and architecture, making it the main 

design driver behind his work at the Triennale. The location of the statue, frescoes and 

views out to the large courtyard and the Gallery of Tourism were an integral part of the 

spatial experience. Standing close to the bronze statue and looking up to her towering 

presence is part of the thrill of being in the courtyard. The artwork provided focal points 

to the VR experience, giving the viewer meaningful objects to explore. 

Conclusion 

The initial prototype of the Virtual Italian Pavilion has made the first step to move beyond 

virtual reconstructions for the purpose of architectural documentation or information 

delivery into embodied experience for holistic understanding of a building’s experience 

and embodied discovery. In the next stage, Learning from Lost Architecture, user 

experience research and human-computer interaction will provide opportunities to 

enhance learning, discovery and meaning for an audience and matching mental 

schemas with virtual stimuli and interaction to create a more immersive experience. 

Further research will also include ways to preserve and distribute these virtual heritage 

3D models to make them accessible to other researchers including issues of accuracy 

documentation, metadata, interoperability, searching and long-term preservation.28  

World Exposition pavilions represent an important topic to explore in virtual reality: 

temporary constructions that hold a permanent and significant place in architectural 

history, with a unique culture providing insight into the world history and the legacy 
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of innovation. The prototype of the Italian Pavilion, demonstrated benefits to using this 

visualisation approach and feedback on the usefulness of different VR technologies. 

Our contribution is to provide an immersive VR experience of lost architecture that goes 

beyond delivery of information toward scholarly discovery of new insights and re-

interpretations of past innovation in design. 

Acknowledgements 

We would like to thank the VR development team, Stephen Jeal, Casey Richardson and 

Casey Dalbo, and Professor Kim Vincs from Swinburne University of Technology for 

their contribution to the project. 

Endnotes 

1 After the fall of the Franco regime, Bohigas revived the initiative though Barcelona’s city Council
and Ignasi de Sola Morales, Cristian Cirici and Fernando Ramos supervised and researched the 
reconstruction. In 1983 work began and the pavilion was able to be built on its original 
foundations. Fundacio Mies van der Rohe Barcelona, Virtual Tour, accessed 22 February, 2018, 
http://miesbcn.com/the-pavilion/virtualtour/.The Fundacio also offers a didactic 360-degree view 
virtual tour of the pavilion Fundacio Mies van der Rohe Barcelona, Cl3ver, accessed 22 February, 
2018, http://3d.cl3ver.com/7Ni0c.  
2 Erik Champion, Playing With The Past (Dordrecht: Springer, 2011), 63–82.
3 Erik Champion, ‘Cultural Presence’, in Subhasish Dasgupta (ed.), Encyclopedia of Virtual
Communities and Technologies, (Hershey, PA: Idea Group Inc., 2005), 97. 
4 Paul Greenhalgh, Ephemeral Vistas: The Expositions Universelles, Great Exhibitions, and World
Fairs, 1851–1939, (Studies in Imperialism), (Manchester: Manchester University Press, 1988).; 
Robert W. Rydell, World of Fairs: the century-of-progress expositions, (Chicago, Ill: University of 
Chicago Press, 1993). 
5 Sander Münster, ‘Workflows and the role of images for virtual 3D reconstruction of no longer
extant historic objects’, in ISPRS Annals of Photogrammetry, Remote Sensing and Spatial 
Information Sciences II-5/W1 XXIV International CIPA Symposium, 2 – 6 September 2013, 
Strasbourg, France, ed. Pierre Grussenmeyer (Göttingen: Copernicus Publications, 2013) 197-
202.; Rebecca K. Napolitano, George Scherer, and Branko Glisic, ‘Virtual tours and informational 
modeling for conservation of cultural heritage sites’, Journal of Cultural Heritage, 29, (2018), 123-
129.; Michela Ott, and Francesca Pozzi, ‘Towards a new era for Cultural Heritage Education: 
Discussing the role of ICT’, Computers in Human Behavior, 27, 4 (2011), 1365-1371. 
6 Thomas Schubert, Frank Friedmann, and Holger Regenbrecht, ‘Embodied presence in virtual
environments’, In Ray Paton, Irene Neilson (eds.), Visual representations and interpretations, 
(London: Springer, 1999), 269-278; Erik Champion, Critical Gaming: Interactive History and Virtual 
Heritage (Surrey: Ashgate Publishing, Ltd.), 2015. 
7 Zacharoula Smyrnaiou, Menelaos Sotiriou, Eleni Georgakopoulou, Ourania Papadopoulou,
‘Connecting Embodied Learning in educational practice to the realisation of science educational 
scenarios through performing arts’, In Angelos Lazoudis, Stephanos Cherouvis (eds.), Inspiring 
Science Education, Athens 22-24 April, 2016 (Pallini: Epinoia S.A., 2016), 37-45. 
8 Jinsil Hwaryoung Seo, Brian Michael Smith, Margaret E. Cook, Erica R. Malone, Michelle
Pine,Steven Leal, Zhikun Bai, Jinkyo Suh, ‘Anatomy Builder VR: Embodied VR Anatomy Learning 
Program to Promote Constructionist Learning’, In  Proceedings of the 2017 CHI Conference 
Extended Abstracts on Human Factors in Computing Systems (CHI EA '17), (New York: ACM,  
2017), 2070-2075. 
9 Paul Dourish, Where the Action Is: The Foundations of Embodied Interaction, (Cambridge,
Massachusetts: MIT Press, 2001).; Paul Marshall, Alissa Antle, Elise Van Den Hoven, and Yvonne 
Rogers,’Introduction to the special issue on the theory and practice of embodied interaction in HCI 

124



and interaction design’, ACM Transactions on Computer-Human Interaction (TOCHI), 20, 1 
(2013), 1. 
10 Lori C. Walters, Darin E. Hughes, and Charles E. Hughes, ‘Interconnections: Revisiting the
Future, Games and Culture, 6, 6 (2011), 538-559. 
11 Nishant Bugalia, Subodh Kumar, Prem Kalra, and Shantanu Choudhary, ‘Mixed reality based
interaction system for digital heritage’, In Proceedings of the 15th ACM SIGGRAPH Conference 
on Virtual-Reality Continuum and Its Applications in Industry, 1, (New York: ACM, 2016), 31-37. 
12 Susumu Tachi, ‘Embodied media: expanding human capacity via virtual reality and telexistence
(keynote)’, In Yukiko I. Nakano, Elisabeth André, Toyoaki Nishida, Louis-Philippe Morency, 
Carlos Busso, and Catherine Pelachaud (eds.), Proceedings of the 18th ACM International 
Conference on Multimodal Interaction, (New York: ACM, 2016), 3. 
13 Alberto Betella, Enrique Martínez Bueno, Wipawee Kongsantad, Riccardo Zucca, Xerxes D.
Arsiwalla, Pedro Omedas, and Paul FMJ Verschure, ‘Understanding large network datasets 
through embodied interaction in virtual reality’, In Proceedings of the 2014 Virtual Reality 
International Conference, (New York: ACM, 2014), 23. 
14 Frederik Verstraete, 'A virtual reconstruction of the 1913 World Fair at STAM – Ghent city
museum', In MWF2014: Museums and the Web Florence, February 18-21, 2014, Florence, Italy 
(2014), accessed March 02, 2017, https://mwf2014.museumsandtheweb.com/paper/a-virtual-
reconstruction-of-the-1913-world-fair-at-stam-ghent-city-museum/. 
15 Bureau International des Expositions (BIE), World Expo Museum in the spotlight at Expo 2017
Astana, (2017), Accessed 02 March, 2017, http://www.bie-paris.org/site/en/news-
announcements/bie-activity/world-expo-museum-in-the-spotlight-at-expo-2017-astana. 
16 Frank Rechtmann, Pavillon Monaco Expo Milano 2015, accessed 02 March 2018,
http://your360.de/EXPO/MON/expo_monaco_360.html. 
17Harold C. Barnett, ‘World’s Columbian Exposition, Chicago, 1893’, Building Chicago, accessed
March 2 2018, https://buildingchicago.wordpress.com/2013/06/23/worlds-columbian-exposition-
chicago-1893/.; The Urban Simulation Team at UCLA, The World’s Columbian Exposition 
Chicago, 1893: A real-time visual simulation model currently under construction by the Urban 
Simulation Team at UCLA, accessed March 2 2018, 
http://www.ust.ucla.edu/ustweb/Projects/Columbian_Expo/ust_wceinfo_121.pdf.  
18 Institute for Digital Research and Education (IDRE), VSIM, accessed October 18, 2017,
https://idre.ucla.edu/research/active-research/vsim.; Smithsonian Institute, Smithsonian 
Digitization 3D, accessed October 17, 2017, https://3d.si.edu/.; Adrian, Exploring 3D on 
Europeana with Sketchfab, Europeana Blog, accessed October 17, 2017, 
http://blog.europeana.eu/2017/01/exploring-3d-on-europeana-with-sketchfab/.; Athena Research 
Centre, 3D-Icons, accessed October 17, 2017, http://www.ipet.gr/~akoutsou/3dicons/showall.php.; 
Europeana Foundation, 3D-Icons, Europeana Pro, accessed October 17, 2017, 
https://pro.europeana.eu/project/3d-icons.; Cyark, accessed October 17, 2017, 
http://www.cyark.org/.  
19 Peter Arnold, ‘You Better Eat to Survive! Exploring Edible Interactions in a Virtual Reality
Game’, In Proceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in 
Computing Systems Denver, Colorado, USA — May 06-11 2017, (New York: ACM, 2017), 206-
209.; Kasun Karunanayaka, Nurafiqah Johari, Surina Hariri, Hanis Camelia, Kevin Stanley 
Bielawski, and Adrian David Cheok, ‘New Thermal Taste Actuation Technology for Future 
Multisensory Virtual Reality and Internet’, IEEE Transactions on Visualization and Computer 
Graphics (2018).; Hrvoje Benko, Christian Holz, Mike Sinclair, and Eyal Ofek, ‘Normaltouch and 
texturetouch: High-fidelity 3d haptic shape rendering on handheld virtual reality controllers’, 
In Proceedings of the 29th Annual Symposium on User Interface Software and Technology, 
Tokyo, Japan — October 16-19 2016, (New York: ACM, 2016), 717-728.; Dhruv Jain, Misha Sra, 
Jingru Guo, Rodrigo Marques, Raymond Wu, Justin Chiu, and Chris Schmandt, ‘Immersive 
terrestrial scuba diving using virtual reality’, In Proceedings of the 2016 CHI Conference Extended 
Abstracts on Human Factors in Computing Systems, San Jose, California, USA — May 07-12 
2016, (New York: ACM, 2016), 1563-1569. 
20 Tyler Johnson. Interpretation at the Controller's Edge: The Role of Graphical User Interfaces in 
Virtual Archaeology (Arkansas: University of Arkansas, 2015), 32, 65. 
https://search.proquest.com/docview/1679469316?accountid=10382. 
21 Víctor Manuel López-Menchero Bendicho, , Mariano Flores Gutiérrez, Matthew L. Vincent, and 
Alfredo Grande León. "Digital Heritage and Virtual Archaeology: An Approach Through the 

125



Framework of International Recommendations." In Mixed Reality and Gamification for Cultural 
Heritage, pp. 3-26. Springer, Cham, 2017. 
22 Maria Roussou and George Drettakis. "Photorealism and non-photorealism in virtual heritage 
representation." In First Eurographics Workshop on Graphics and Cultural Heritage (2003), p. 10. 
Eurographics, 2003. 
23 Erik Champion. "Heritage role playing-history as an interactive digital game." In Expertise in 
Design: Design Thinking Research Symposium 6, Interactive Entertainment Conference, 
University of Technology, Sydney, Australia, 17-19 November 2003, p. 29. Yusuf Pisan (ed.), 
2003. 
24 Torre Zuk, M. Sheelagh T. Carpendale, and William D. Glanzman. "Visualizing Temporal 
Uncertainty in 3D Virtual Reconstructions." In VAST, 6th. (2005). 
https://pdfs.semanticscholar.org/96ab/ad7f66adf5888c84a2d694a1ede4c9ba0b57.pdf 
25 See: Kate Kangaslahti, ‘Absence/Presence: The Efficacy of Text, Image, and Space at the 1937
Exposition Internationale’, Avant-Garde Critical Studies, 26 (2011): 191-208; Ihor Junyk, ‘The Face 
of the Nation: State Fetishism and Métissage at the Exposition Internationale, Paris 1937’, Grey 
Room 23, Spring (2006): 96-120 & James D. Herbert, ‘View of the Trocadero: the Real Subject of 
the Exposition Internationale, Paris, 1937’, Assemblage 26 (1995): 94-112. 
26 Flavia Marcello, ‘“Italians do it Better”: Fascist Italy’s New Brand of Nationalism in the Art and 
Architecture of the Italian Pavilion, Paris 1937’, in Devos, Ortenberg & Vladimir Paperny (eds.), 
Architecture of Great Expositions 1937-1958, 51-69. 
27 Lisa M. Snyder, ‘VSim: scholarly annotations in real-time 3D environments’, In DH-CASE II:
Collaborative Annotations on Shared Environments: metadata, tools and techniques in the Digital 
Humanities, (New York: ACM, 2014), 1-8. 
28 Erik Champion. "The Role of 3D Models in Virtual Heritage Infrastructures." In Cultural Heritage 
Infrastructures in Digital Humanities, edited by Agiatis Benardou, Erik Champion, Costis Dallas 
and Lorna Hughes, 15-35 (United Kingdom: Routledge 2017); David Koller, Bernard Frischer, and 
Greg Humphreys. 2010. Research challenges for digital archives of 3D cultural heritage models. J. 
Comput. Cult. Herit. 2, 3, Article 7 (January 2010), 17 pages. 
DOI=http://dx.doi.org/10.1145/1658346.1658347 

126




