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 ABSTRACT 

 

At different times in history, visual communication has changed dependent 
upon the prevailing understanding and technology available for that period. The 

visualisations created by designer and artist are not just a simple response to 

their individual experience. They are ordered, coded and styled according to 
conventions which are developed through the tools and processes available at 

the time. This PhD submission reports investigations into the effective creation 

of visual communications using contemporary digital methods. The author’s 
overall aim was to develop a new methodology and toolset to assist designers 

in creating tangible outputs from 3D data. 

 
A collection of 11 publications by the thesis author, and his co-authors, is 

presented along with 10 artistic productions that support the research enquiry. 

The research publications spanning from 2005 to 2017 add to the body of 
knowledge in the effective use of digital methods for visual communication. In 

addition, to the written works, the author has also produced a number of peer 

reviewed original creative works. These were based on the substantial 
development of a bespoke 3D eye-tracking software and scanning 

methodology. This methodology enabled the author to use eye-tracking 

technology and captured data to create unique, 3D artworks.  From the 
literature review undertaken (confirmed by peer reviews of the publications) it 

appears that eye-tracking has never previously been used as a basis to create 

3D sculptural work, so the scholarly work that informed the artworks is 
instrumental in adding to the body of knowledge.  
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Main conclusions 

Two central research questions drove the enquiry of this PhD. 

1. What makes digital visual communication effective? 
2. What are appropriate tools and methods for creating effective 3D 

visualisations? 

 
For research question 1, the research looked at effectiveness within the broad 

realm of digital visual communication. The main findings identified three distinct 

phases of effectiveness: before use, during use and after use. Within these 
phases research showed that to make digital visual communication effective, 

the design of complex data should (a) provide both information and inspiration 

and (b) be presented in a simple, easily accessible format. However, care 

should be taken to ensure that the style applied is appealing to the target 
market, be uncluttered and designed for efficacy rather than data display. 

 

In relation to educational websites, the research showed that design 
judgements should also be made considering three areas; instructional, 

aesthetic and psychological.  

 
In addition, the research established a number of key emerging principles of 

visual communication technology. The emergent principles were based on the 

representation’s capability in facilitating comparison to reveal connections and 
relationships; unity of form to accentuate function; precision of data to 

communicate accuracy or truth; and the principle that all graphical structures 

should be simple in design form, but complex in carrying data. 
 

Research question 2 continued from RQ1 examining visual communications 

effectiveness, but though a more focused lens, investigating methods and tools 
based on virtual reality (VR) and eye-tracking technologies.  The papers chosen 

for this thesis primarily describe, via practice-led research, the development of 

VR software and its communication applications. The papers provide an insight 
into the best practices and ways of working with appropriate tools to create 
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effective 3D visualisations, leading to new knowledge that has operational 

significance for 3D VR development. The papers have also added to the 

knowledge and understanding of 3D visualization by explaining the methods 
and delivery of the visualisations and the reactions of the viewers.  

 

Through the use of ethnography and practice-based research a further paper 
elicits insights of the design methodologies and tool choice used by the author 

and a professional artist in creating effective 3D visualisations. This paper offers 

a fresh insight into the workings of an artist and designer that is often 
considered elusive, as well as insights into how the creative mind functions. 

 

The final two papers specifically discuss the author’s use of 3D eye-tracking 

technology and the developed methodology that was used to create unique 
physical 3D sculptures. These have been exhibited both nationally and 

internationally demonstrating original contribution to the field, through the 

creation of original creative work. 
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1 INTRODUCTION 
 

The author’s interest in the area of visual communication using technological 

tools can be traced back to when he received his first computer (a Commodore 

VIC-20). Even though the computing power was limited to only 3.5KB of RAM 
and 8x8 pixel characters the author enjoyed developing programs that created 

images via code. During the author’s undergraduate degree studies within the 

Department of Design and Technology at Loughborough University, students 
were introduced to a small range of new computer programs that worked in 

both 2D and 3D.  Even though a full photographic unit had to come and set up 

special lighting in order to photograph the on-screen images generated, these 
programs intensified the author’s interest in the possibilities of using computers 

to create visualisations.  

 
After graduating in 1992, the author worked as an industrial designer at 

Kenwood Ltd where they invested in emerging new 3D computer aided design 

(CAD) software. Having spent a number of years promoting the use of 3D CAD 
data for design and manufacturing, the author decided to enhance his expertise 

and skills by undertaking a Masters in Mutlimedia Design at DeMontfort 

University. Following his graduation in 1996, the author’s expertise in 3D CAD 
and multimedia afforded him the opportunity to manage the UK’s first 

commercial VR centre at the Production Engineering Research Association 

(PERA). At this time, VR was being “hyped” as the new frontier in visualisation 
and the author’s team worked on a number of cutting edge projects. Whilst at 

PERA the author successfully managed to secure funding from the DTi with 

Loughborough University for a Foresight Vehicle research program. This in turn 
led the author to join Loughborough University as an academic in 2002. Based 

on the author’s research interests he introduced an undergraduate Interaction 

Design module and whilst managing the Design School’s Master’s programs, 
created the MA Interaction Design program. 
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Ten years later the author became the Head of the Art and Design Department 

at the American University of Sharjah in the UAE. In this post, the author was 

exposed to the local art galleries who were interested in exhibiting cutting edge 
sculptural work. So, whilst continuing research into the area of effective use of 

3D data in visual communications the author applied his technological 

knowledge and artistic interests to develop a number of sculptures based on 
the 3D eye-tracking methodology he was developing. Due to their uniqueness, 

these sculptures were not only commissioned to be sold by a renowned gallery 

in Dubai but have also been exhibited in peer reviewed exhibitions both locally 
and internationally. These sculptures physically embody several aspects of the 

knowledge and findings generated by this enquiry.  

 

The 11 research papers and 10 artworks presented in this thesis were originally 

produced as stand-alone items rather than to represent different stages of an 

integrated research project. This chapter, therefore, seeks to explain the overall 
nature of the research and its scope. It discusses how the 21 outputs are 

related to the overall aim of establishing computational methods to enable 

effective visualisations. The thesis also adds to the body of knowledge by 
presenting the development of a new methodology and toolset to create 

tangible outputs from 3D virtual data. 

Two central research questions have driven the enquiry: 
• RQ1. What makes digital visual communication effective? 

• RQ2. What are appropriate tools and methods for creating effective 3D 

visualisations? 
 

The 11 publications are coded by the letters A to K, each of which contributes 

in some way towards the overall aim. 
For RQ1, the research looked at effectiveness within the broad realm of digital 

visual communication. A number of findings from RQ1 supported further 

investigations in RQ2.  RQ2 used a more focused lens, to investigates tools 
and methods for creating effective 3D visualisations based on VR and eye-

tracking technology. In addition, the research is also supported by the 
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development and exhibition of ten artworks, coded a to j, that have also been 

peer reviewed within the field of scholarly work. These too are referred to in 

Figure 1.  
 

RQ1: What makes digital visual communication effective? 

Information effectiveness of complex data and value judgements are addressed 
by publications A and B 

Distinct phase effectiveness and latency effect is addressed by publications C 

and D 
 

RQ2: What are appropriate tools and methods for creating effective 3D 

visualisations? 

The development of 3D VR visualisations and their related communication 
effectiveness is addressed by publications E, F and G. 

Paper H is a crossover between visual communication effectiveness and eye-

tracking technology. 
Artistic collaboration when creating 3D visuals is addressed by publication I. 

The 3D eye-tracking methodology leading to artworks is addressed by 

publications J and K. 
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Figure 1. The contribution of publications towards the thesis research areas.  
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2 REVIEW OF THE STATE OF THE ART 

 

Technical advances change our knowledge base and affect the way we think, 
communicate and see. They affect the content, philosophy and the style of 

visual communication. When technological developments are used for visual 

communication, this affects the way the world is perceived, how data is 
interpreted and how knowledge is acquired and understood. 

 

Visual communication of information has been significantly and intensively used 
since the Renaissance and particularly during the industrial revolution 

(Ferguson, 1993), (Baynes, Pugh and Welsh Arts Council., 1981), (Baynes, 

2009). It has been a key communication tool for designers or inventors, 
engineers, clients, manufacturers and other interested parties during that period 

of time. Visual communication practices have been researched previously and 

extensively in relation to the history of technology (Ferguson, 1993). 
Contemporary intellectuals working in American and European universities and 

colleges, are increasingly interested in the visual (Barnard, 1998). The issues of 

modern-day visual communication are increasingly becoming important topics 
for discussion and debates among designers, educators and related 

organizations worldwide. 

 
This thesis presents research by the author that explores visual communication 

within the realms of computer-based production, in both 2D and 3D, and both 

virtually and physically.  
 

 

2.1 RQ1: VISUAL COMMUNICATION EFFECTIVNESS 

It has been discovered that visual communication elements are able to enhance 

the process of comprehending information (Baynes, 2009), (Storer et al., 2005); 
and many others). This statement suggests that the design of the visual 

information can augment the visual quality so that information can be 

communicated, and better comprehension achieved. The preparation of visual 



13 
 

communication elements is a complex task involving thoughtful information 

design and planning. 
 

According to Pettersson (2009), information design comprises two main 

components, infology (a theoretical component) and infography (a practical 
component). Infology describes the combination of verbal and visual 

presentation and the interpretation of messages in order to communicate 

information. Infology should be designed to facilitate communication from 
information producers to a group of receivers, within learning processes (ibid). 

Pettersson also added that complicated language (texts and pictures) can 

easily impair the understanding of the message. Thus, designers of information 
should control effectively the key concepts of active voice, attention, clarity, 

comprehensibility, consistency, emphasis, information ethics, legibility, memory, 

perception, precision, processing, quality, readability, reading value, simplicity, 
structure, and unity in information design (ibid). 
 

Infography is the actual practice of designing and delivering structured 

combinations of words, pictures, and graphic design. Good visual 

communication should consist of comprehensible, clear and consistent texts 
and illustrations. It must also include clear typography and layout that are able 

to aid attention, perception, interpretation, understanding and learning for the 

intended receivers (Pettersson, 2009). 
 

Within the author’s selected publications, the areas described by Pettersson 
that relate to the information effectiveness of presenting complex data are 

investigated in publications A and B. The meaning of the word ‘effectiveness’ 

can be extremely broad. According to the research undertaken in these 
publications and other texts (Nielsen, 1994), (Mayhew, 1999), (Preece, 1993), 

effectiveness ideas can be categorised under the actions of the user before, 

during and after use. These distinctive phases of effectiveness were 
investigated further in publications C and D. 
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The ‘big brain’ described by Baynes (2010) refers to the way that our brains are 

able to construct, manipulate and respond to a cognitive model of the world. In 

relation to the big brain, Baynes offered another explanation of what good 
visual communication requires. He stated “good vision was also instrumental in 

cognitive and even philosophical developments, providing the big brain with a 

significant visual world full of stimulus and meaning.” Baynes added that this is 
especially associated with “depth perception that defines a 3D space filled with 

movable solid objects” (Baynes, 2010). These cognitive effects of visual 

perception were further researched in papers H and K. 
 

2.2 RQ2: TOOLS & METHODS FOR CREATING EFFECTIVE 3D 
VISUALISATIONS?  

Research question two takes the research of RQ1 and uses a more focused 

lens to investigate the appropriate tools and methods for creating effective 3D 
visualisations using VR and eye-tracking technology. The main findings from the 

research undertaken by the author are based on investigating what makes 3D 

visualisation effective when comparing simplification and abstraction versus 
realism within VR visualizations. The research shows that effectiveness does 

not necessarily equate to how real the visualisation appears.  As described by 

Ervin and Hasbrouck (2001) all visualisations based on computer models 
contain simplifications, abstractions and perhaps even distortions.  

 

We are living in an era where communication is a major component of a 
person’s life, and visual communication is foremost among all other means of 

human communication. Nowadays, with the great progress that computers 

have made, 3D digital imaging has become a tremendously powerful and 
pervasive communication tool. There is a large market for 3D visual 

communication in print, TV shows, movies and online. With the backing of 

major companies such as Facebook and Google, 3D communication via VR is 
becoming more prevalent.  
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The author has been engaged in using 3D models for communication since the 

early development of commercial 3D CAD in the early 90s. The research 

presented in this thesis has mainly concentrated on the use of VR as a means 
of imparting information to the viewer.  

 

The term 'Virtual Reality' was initially coined by Conn, Lanier and Minsky, 
(1989). Other related terms include 'Artificial Reality' (Krueger, 1993), 

‘Cyberspace’ and, more recently, 'Virtual Worlds'. Originally, the term referred 

mostly to 'Immersive Virtual Reality’. In immersive VR, the user becomes fully 
immersed in an artificial, three-dimensional world generated by a computer. 

However, due to the increased computing power of PCs, tablets and mobile 

phones, virtual worlds can now also be viewed in a less immersive fashion by 

viewing and navigating around a screen. Recently, a new wave of VR 
applications has started to appear and are once again becoming immersive in 

nature using the new low-cost VR headsets such as Google cardboard. 

 
Publications E, F and G focus on the development and creation of 3D VR 

visualisations. A number of different methodologies and technologies to reduce 

cognitive elaboration are investigated. These have ranged from using standard 
VRML scene description language that describes the geometry and the internal 

behaviour of a 3D scene for web based applications, through object-oriented 

development environments, to high end graphic modelling for dedicated VR 
caves and immersive environments.  

 

2.2.1 TOOLS FOR CREATING 3D ARTWORKS 

The use of technology to help artists create work has been used since the 

Renaissance with the introduction of the camera lucida and the camera 

obscura. Until relatively recently, many of the Renaissance artists were revered 
for their painting accuracy. However, due to recent research into the use of 

mechanical aids in Renaissance paintings, it has been revealed that the Italian 

artists used the camera obscura as a reference tool for placement accuracy 
(Hockney, 2006). During the 17th century, several experiments were carried out 
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to perfect the accuracy in which technology could mechanically or visually 

assist the artists. New technologies became very popular during this time with a 

number of different styles of “cameras” and optical lenses being designed to 
address the popular needs of the artists to help them be more effective in their 

observations of nature.  

 
Within the modern era and the introduction of computers as tools, digital 

artwork has been created from as early as the 1960s.  Michael A. Noll, a 

researcher at Bell Laboratories in New Jersey created some of the earliest 
computer generated images, among them Gaussian Quadratic, dating from 

1963 (Noll, 1994). The works of John Whitney, Charles Csuri and Vera Molnar 

in the 1960s remain influential today for their investigations of the computer-

generated transformations of visuals through mathematical functions (Dietrich, 
1985). 

 

Within the publications presented in this thesis the author has used the 
computer as a tool to develop toolkits and design methodologies to aid in the 

development and creation of VR visual models (Publications I,J,K). Working 

further on the basis of technology to aid artists and designers in their work, the 
author has been investigating how modern technology can be utilized in this 

respect. One use of technology for assisting the capture of what people see is 

eye-tracking technology.  
 

Eye-tracking technology has been used for over fifty years; however, it is only 

with recent technological advancements that eye-tracker devices have become 
economically feasible as research tools. Eye-tracking devices allow a close 

examination of the conscious and unconscious gaze movement of a 

respondent in a visual system research (‘eyetracker.co.uk | Seeing Through 
Your Customers Eyes’, 2017).  

 

The data collected from eye-tracking experiments is widely believed to reflect 
what the user is assessing within a viewing space, e.g. language 



17 
 

comprehension, memory, mental imagery and decision making (Richardson 

and Spivey, 2004). Therefore, eye movement research has become of great 

interest in the study of psychology and cognitive neuroscience, cognitive 
linguistics, ergonomics, advertising and design (Richardson and Spivey, 

2004),(‘eyetracker.co.uk | Seeing Through Your Customers Eyes’, 2017). The 

use of eye-tracking on design-based research works by Fischer et al. (1989), 
Pieters, Rosbergen and Wedel (1999), Russo and Leclerc (1994), Malach et al. 

(2005) and many others as reported in Jacob and Karn (2003), were based on 

similar grounds of eye movements and perceptual systems.  
 

One of the author’s main contributions to knowledge is the application of a new 

methodology to allow quantitative eye-tracking data (specifically fixation points) 

to be used as a basis, not only for analysis, but also to create tangible 3D 
sculptural forms (publication J and K). When eye-trackers have previously been 

used to create art, a review of literature and exhibitions indicates that they have 

only been used to create two-dimensional representations. One of the most 
recent exhibitions was at the Riflemaker gallery in London in March 2015, 

where artist Graham Fink drew 2D portraits using special eye-tracking software. 

There does not appear to have been any artwork created using 3D eye-
tracking. 

 

As mentioned previously, technological developments and artistic works have 
always been closely related whether as a direct link or in an abstract sense. 

Technology can assist the artist to be more effective in their creative 

endeavours. Each technological tool type influences the nature and structure of 
artistic conceptualization and production, based on its own characteristics.  

The work produced by the author using eye-tracking technology is a 

contemporary reflection of the time, being recognized by peers as being 
unique.  The author’s eye-tracked sculptures have been publicly exhibited in 

Sydney, Chicago, Bogotá, Venice, Sharjah and Dubai as well as a number of 

art spaces in London and the rest of the UK. 
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3 LINKS BETWEEN THE PAPERS AND THE TWO RESEARCH 

QUESTIONS 
 

RQ1:  What makes digital visual communication effective? 
Information effectiveness of complex data and value judgements are 

addressed by publications A, and B 
Distinct phase effectiveness and latency effect is addressed by publications 

C and D 
 
 

 
 

Figure 2. RQ1 Paper links 

Figure 2 shows the links between the author’s papers that address research 
question 1, “What makes digital visual communication effective?”  
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Paper’s A and B investigate how complex data information can be 

effectively communicated visually.  
 

Publication A – Peer-reviewed Journal paper 
Storer IJ, Badni, K, Bhamra T, and Farmer S. "Communicating Sustainable Design”, 

Design & Technology Education: An International Journal, 2, no. 10 (2005): 44-57. 

Paper A outlined research into using different methods for visually 

communicating complex issues, using the issue of sustainable design as the 

example subject matter. This paper’s research aimed to derive the optimum 
visual format for presenting sustainable design tools, techniques and 

information to students. Different visual communication modalities where tested 

via posters using a mix of sketch work and digitally drawn images. These were 
presented to participants in three iterative development cycles with the 

responses recorded using a combination of semi-structured interviews and a 

series of questionnaires and surveys. issue of effectiveness was further 
investigated in paper B.  

 

Publication B – Peer-reviewed conference paper 
Simmons, Peter, and Kevin Badni. Developing a framework for analysing 

effectiveness of sustainable design websites in influencing design decisions. Paper 

presented at the D&T Association Conference, March 1, 2006. 

This paper added to the knowledge of digital visual effectiveness by looking at 

value judgments that are made through different communication designs. The 
paper outlined the key elements of effective visual communication relating to 

digital website design. The paper categorised three distinct phases of 

effectiveness: before use, during use and after use.  

It links to papers C, D and H, where cognitive effects of visual perception were 
examined further. 
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Paper C reported more in-depth investigations into the distinct phases within 

the decision-making process and how visual communication has an effect in 

conveying information. 

 

Publication C – Peer-reviewed conference paper 
Simmons, P. C., & Badni, K. (2006). A review of the literature concerning website 

effectiveness: before, during and after use. Proceedings of IDATER on-line 

conference. Loughborough University, pp. 47-61. 

Paper C reported a continuation of the work presented in paper B, undertaking 

a review of the literature concerning website effectiveness. The effectiveness of 

sustainable design websites, covered in papers A and B, in conveying and 
communicating information had little prior art on which this research could be 

based. Most website assessments are focused on usability or are assessed for 

aesthetical value, but whether the websites are effective in communicating was 
an area that needed examining. The paper investigated the comprehension of 

effectiveness within this visual context and built on paper B’s categorisation of 

three distinct phases of effectiveness: before use, during use and after use. 

During these phases a number of methods for assessing cognitive processing 
were identified.  
 

 

Paper D investigated the effect on perception and attention of observers when 

visual latency is modified.  

 

Publication D – Peer-reviewed conference paper 
Badni, K. (2016) Effects of immediacy on the perception of interactive art. In 

Archiving and Questioning Immateriality: Proceedings of the 5th Computer Art 

Congress, Paris, October 26-28, 2016, 385. Paris. 

This sole-authored paper examined how visual latencies of a presented artwork 

affected the perception of the interactive art. The paper adds to the body of 

knowledge relating to the effect of latency in relationship to the exposure of 
dynamic visuals.  
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RQ2: What are appropriate tools and methods for creating effective 3D 
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Figure 3. RQ2 Paper links 
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creating effective 3D visualisations. Grouped in two areas; firstly, effective VR 
visualisations and secondly, effective eye-tracking. Paper H acts as a crossover 
paper linking the two areas together. 

 
 

The development of 3D virtual reality visualisations is addressed by publications 

E,F and G 

 

Publication E – Peer-reviewed Journal paper 
Badni, K. (2006). Virtual reality design techniques for web-based historical 

reconstructions. Virtual Reality, 9(4), 215–225. 

This sole-authored paper reported the work the author had undertaken whilst 

at the Production Engineering Research Association (PERA), where the author 

ran the first commercial VR centre.  This paper describes advanced 3D 
modelling and visual communication methods used to create a BBC 

commissioned interactive World War one trench model. The reflective paper 

highlighted different design methodologies the author had used and the 
motivations behind using them to create effective 3D visualisations.  Even 

though the paper concentrated on the VRML modelling language which has 

now been superseded by Extensible 3-Dimensional (X3D) Graphics standard, 
the findings from the paper still relate to building of effective 3D visualisations.  

 

The findings showed that users benefit from optimizations to allow fast 
download speeds and diminish display latency.  This is still applicable today 

even with fast internet speed and processors as there are many parts of the 

world where internet speeds are limited, and people do not have the latest 
processors in their computers or mobile phones. For collaborative 

communication and development, the need for a lightweight model format is 

still very relevant today. To have an effective VR visualisation the users require a 
good experience, by which the user’s eyes and brain should accept that what 

they are looking at is “real”. This does not mean that you cannot tell the 

difference by looking at them, but the perception of the objects should be the 
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same as the real-world object. Latency interrupts the suspension-of-disbelief as 

the visual system is very good at detecting abnormalities such as an object not 

staying in its registered position correctly or the world not reacting as it should 
as you move around it. This work has been archived and can be found at BBC 

website: 

http://www.bbc.co.uk/history/worldwars/wwone/launch_vt_wwone_trench.sht
ml  

 

Publication F – Peer-reviewed Journal paper 
Ye, J., Campbell, R. I., Page, T., & Badni, K. S. (2006). An investigation into the 

implementation of virtual reality technologies in support of conceptual design. 

Design Studies, 27(1). 

Paper F further links to the author’s industrial experience in VR. This paper 

explored how 3D VR CAD systems can be used to become more effective 
communication systems compared to conventional CAD systems. The work 

reported in this paper focused on how 3D VR technologies can provide novel 

and more effective modes of visual communication and improve the human 

computer interaction.  
 

Publication G – Peer-reviewed conference paper 
Badni, K. (2008). The use of 3D visualisation and interaction to market a new near-

net-shape pin tooling application. In ICEIS 2008 - Proceedings of the 10th 

International Conference on Enterprise Information Systems (Vol. HCI). 

Paper G is a sole-authored paper which reported the methodologies used to 

create an interactive 3D multimedia application with the aim of effectively 

communicating how a complicated real-world process would work. A number 
of design solutions for the application were described within this paper. The 

construction of the application was discussed, with the methodology behind a 

stereolithographic parsing system and the algorithms used to detect collisions 
being described in detail. The model display and parsing system developed, 

along with the collision detection algorithm, were further developed for paper K, 

when creating the 3D observational sculptures. The parsing system based on 
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triangular vertices is still relevant today as STL files are still an industry standard 

file format.  

Research showed that interacting with a virtual product rather than being 
exposed to only passive information is more effective in influencing customers 

intentions. Having a 3D environment is particularly beneficial to those 

customers who lack knowledge of the product or are unable to vividly imagine 
the technology as it does not rely on individuals' self-generated mental images. 

The reduction in mental imagery is also investigated in papers D and H. 

 
 

Artist’s working methods for creating VR artworks are studied in paper I 

3D eye-tracking methodologies are addressed by publications H, J and K 

 
Publication H – Peer-reviewed Journal paper 
Beh, C-S, Badni, K, Norman, EWL (2011). Key Emerging Principles of the Visual 

Communication of Technology. In Chandler, BS, Averinou, DM, Valandis, N, Search, 

P (ed) Selected Readings of the International Visual Literacy Association 1, no. 1 

(2011): 37-47. 

This paper formed a link between the understanding of visual communication 

and the effective use of modern eye-tracking technologies. The paper 
established a number of key emerging principles of visual communication 

technology. The emergent principles were based on the representation’s 

capability in facilitating comparison to reveal connections and relationships ; 
unity of form to accentuate function ; precision of data to communicate 

accuracy or truth; and all graphical structures should be simple in design form, 

but complex in carrying data. 
 

The paper also included a discussion of qualitative and quantitative data 

indicators used with eye movements and eye-tracking systems. This paper lead 
to further development of eye-tracking methodologies and software 

development in papers J and K.   
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Publication I – Peer-reviewed Journal paper 
Badni, K. (2011). The collaboration of two different working practices enabling 

autonomous virtual reality artwork. Digital Creativity, 22(1). 

This sole-authored paper, described the research undertaken with a renowned 

artist over two years, looking into the disparate creative methodologies of the 
artist and the author as a VR designer. The two different creative 

methodologies were reviewed through an ethnographic study, interviews, 

observations and reflections. The paper also revealed how collaboration can be 
achieved by providing a safe environment, where ideas will not be criticized, 

and experimentation is encouraged. The paper also reported how bespoke 

software could be used to facilitate an autonomous VR artwork. The 
development of the installation was recorded, describing the decisions made 

and methods used to enable the sculptor to remain independent during his 

creative endeavour to create new visual imagery.  
The effectiveness of the VR artwork was also enhanced through the immersive 

sensation achieved through physically raising the user off the floor on a 

revolving chair, so their legs were left dangling. 
 This paper was influenced by the developments of the 3D VR software 

developed in papers E and F. 

 
 
Publication J – Peer-reviewed conference paper 
Badni, K.(2012). Real product eye-tracking. In Proceedings of International Design 

Conference, DESIGN (Vol. DS 70). 

This sole-authored paper was written to describe in detail the author’s 3D eye-

tracking methodology which was used to as a new basis to evaluate looking at 

a comparison between viewing real products and virtual models. Most of the 
consumer eye-tracking behavioural research has been undertaken in a 

laboratory using 2D desktop eye-tracking systems (Meißner , 2019). This 

artificial research environment has been recognised as an issue by Kahn (2017) 
who stated that  “effects that work in the laboratory may work differently in the 

field”. The research allowed for a more natural evaluation to be undertaken 
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compared to viewing virtual models leading to longer fixation times and 

increased information about how the viewer viewed a product. The research 

showed that viewing a real-life object from different angles highlighted different 
areas of interest. These insights could be applied by the designer to improve 

product features and emphasize specific functions.  

 
Publication K – Peer-reviewed conference paper 
Badni, K. (2015). Creating Observational 3D Sculptures. In Proceedings of the 21st 

International Symposium on Electronic Art, ISEA 2015 - Disruption, August 14-19th 

2015, 69-77. Vancouver. 

This sole-authored paper questioned if eye-tracking data could be used to 
create effective sculptures. The paper described the application of a new 

methodology developed to allow quantitative eye-tracking data to be used as a 

basis to create 3D sculptural forms. It described how the 3D eye-tracking 
methodology was used to convert virtual data into a tangible physical artefact. 

There are a few 2D drawing applications on the market that use eye-tracking to 

create art works but there does not appear to be any use of eye-tracking to 

create 3D art works. 
 

The accuracy results and the final output were reviewed in the analysis, 

including the lessons learned and the possible areas for improvement. This 
methodology was used for the production of sculptural art works exhibited in 

international exhibitions; a,b,c,d,e,f,g,h and national exhibitions i and j.  

 

3.1 RESEARCH THROUGH MAKING 

Alongside the scholarly papers the author has produced, a number of 

sculptures based on the eye-tracking methodology. These sculptures have 
received a high level of recognition and have been exhibited at both public and 

private exhibitions. Public art exhibitions in particular are subjected to a highly 

competitive selection process by a panel of experts. These exhibitions have 
been held both locally and internationally; in America, Australia, Colombia, Italy, 

United Arab Emirates and a number of art galleries in the UK. 
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Appendix A contains a list of the author’s artistic outputs based on the eye-

racking methodology described in paper K. 
 

4 RESEARCH METHODS AND TOOLS 
 

Several research methods were used for both collection and analysis of the 

data presented in the publications. These methods are described in the 
following sections and then later summarized, together with identification of the 

author’s contribution to each publication, in Appendix B. 

 

4.1 LITERATURE REVIEW 

Review of literature was undertaken to survey existing knowledge in related 

topics to the research areas and also to provide a useful consensus concerning 
the research focus.  

 

4.2 QUALITATIVE DATA COLLECTION METHODS 

The review of literature suggested that the research methods employed could 
either be qualitative or quantitative.  The main characteristics of the qualitative 

research study are its descriptive nature of reporting, its focus on the social 

processes taking place and the outcomes it produces, where its use of 
induction derives meaning (Punch, 2005). The research where the author used 

a qualitative approach sought to explore and to explain ‘how’ and ‘why’ a 

particular phenomenon, or behaviour happened in a particular context. 
 

The exploratory research within papers A, D, F, H and M were concerned with 

the meanings, or interpretations, based on activities by various participants.  
The research methods used within the papers were primarily descriptive and 

interpretative, analysed through a combination of exploratory and qualitative 

methods.  The qualitative methods used similar data collection techniques; 
participant observations, interviews, open-ended questions and reviewing text.  



28 
 

 

For paper I, rather than relying on interviews or surveys, the author used an 

ethnographic approach to experience the environment of a renowned artist 
acting as a “participating observer.” Ethnographic observation was used as a 

systematic research method in which the author observed the activity of a 

renowned artist in his typical working environment over a period of two years. 
The observation gave direct information and insights about the research. Using 

observation, it allowed the author to capture information that the artist may not 

have thought to reveal or see as important during later interviews. This research 
method allowed the author to uncover the working methods of the artist and 

examine how collaborative projects can be effective when creating interactive 

3D visualisations. 

 

4.3 QUANTITATIVE DATA AND MIXED METHOD 

Several closed questions and semi-structured interviews that recorded 

quantitative data were also used to support papers D and F.  
For paper D, numerical data relating to latency times were recorded along with 

a rating scale based on subjective pairs by (Locher, Smith and Smith, 2001). 

This provided data for statistical analysis which, along with the qualitative data 
provided by open ended questionnaires, allowed the author to test the 

hypothesis that immediacy of an interactive art piece affects the perception of 

the art. 
 

4.4 EYE-TRACKING 

Eye-tracking was used as an important component in the research  

methodologies used to experiment and gain evidence for papers H, J and K. 
 

Many research studies in the advertising and design fields have used eye-

trackin techniques to gather extensive data and have provided important 
findings for the improvement of the presentation of consumer goods.  Eye-

tracking allows a large amount of statistical data concerning eye movements to 
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be obtained.  However, Jacob R. and Karn K. (2003) emphasised that some 

common details (e.g. scanning path, number of gazes, percentage of 

participants fixating an area of interest, and time to first fixation on target area 
of interest) were interesting measures for research, but that they have often 

been overlooked during analysis in many studies. The human visual system 

starts with eye movements, which are linked to perceptual systems; it is the 
close relationship of these movements to attentional mechanisms, known as 

saccades, that can provide insight into cognitive processes, e.g. language 

comprehension, memory, mental imagery and decision making (Richardson D. 
C., Spivey M. J. and eds. Wnek, G. & Bowlin, 2004) 

 

During the research, frequency gaze, scan path, gaze duration and number of 

fixations were used in comprehending 3D visualisations and objects.  The 
aspect of capturing perceptions associated with the visual information was 

supported using the conventional research methods of questionnaires and 

interview prompts.   
 

Eye-tracking was also used for paper J to reduce the cognitive load associated 

with using the Think Aloud technique. Even though this protocol (which requires 
the user to talk about what they are doing or thinking as they undertake a set 

task) is widely used in human sciences, it does have some negative points due 

to the unnatural cognitive load it applies to the user whilst undertaking the 
experiments. This issue is raised by Branch (2000) who argues that having to 

verbalise whilst undertaking a task that involves a high cognitive load can be 

problematic. To overcome these heavy cognitive loads the author used eye-
tracking technology. The eye-tracking data did not reveal by itself what the user 

was thinking but was used with post review interviews as a way of trying to 

understand what the user was thinking and feeling and their cognitive thoughts 
at the time. 
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4.5 METHODS FOR DEVELOPING EFFECTIVE VR VISUALISATIONS. 

Papers E,F and G investigated methods for developing effective 3D VR 
visualisations. The methodology used by the author in these papers consisted 

of the following stages: 

 
1. Establish measures of effectiveness 
2. Establish practical constraints 
3. Build the model 
4. Comparative testing effectiveness with users  
5. Iterate  
 

The methodology focused on an initial, simplified implementation, which then 

progressively gained more complexity and a broader feature set until the final 
system was complete. The methodology broke down the software 

development of a large application into smaller pieces. This also had the 

advantage that some working functionality could be developed early that could 
be tested with users which informed further development. 

 

The methodology did not involve randomly replacing design elements with 
alternative new design ideas. Instead a systematic approach using comparative 

testing was used to measure which alternative was the most effective based on 

the predetermined measures. 
 

4.6 RESEARCH THROUGH MAKING 

Paper K questioned if eye-tracking data could be used to create effective 
sculptures. The paper described a methodology for creating observational 3D 

sculptures. The author aimed to present sculptures created during the research 

process that embodied the answer to the research question. Biggs supports 
this notion, stating that the principal feature of practice-led research is the 

desire or need to create artefacts and to present them as part of the ‘answer’ 

to research questions posed at the outset (Biggs, 2002). 
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By physically creating the sculptures the author aimed to collect and preserve 

information and understanding, so creating a strong link to the source of 

knowledge.  According to Chapman, the understanding of both the process of 
making and the artefact should present a body of knowledge (Scrivener and 

Chapman, 2013). 

 
The sculptures produced by the 3D eye-tracking method have received a high 

level of recognition and have been exhibited at national and international 

venues, at both public and private exhibitions. Cross states that knowledge 
also resides in the artefacts themselves, in their form and material  (Cross, 

2001). Consequently, this thesis also refers to a number of sculptural artefacts 

which situate the research into contemporary art discourse, thereby making a 

claim for successful contribution of new knowledge.  
 

4.7 SELF REFLECTION 

Six of the publications in this thesis use a reflective approach to gather data 
(Papers D,E,G,I,J and K).  This reflective approach analyses the practice-based 

research of the author whilst developing visualization methods and 3D software 

relating to the understanding of the effective use of 3D data in visual 
communications. These reflective studies provide examples of both typical 

situations and of different ways to approach specific problems. The 

publications compliment the narratives in disseminating new knowledge in 
practice. This approach is also supported by Cross who argues that the 

knowledge of design resides in people, processes and products. Part of this 

knowledge is inherent in the activity of the designing and can be gained by 
engaging in and reflecting on that very activity (Cross, 2001). 
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5 PERSONAL CONTRIBUTION TO THE PUBLICATIONS 
 

Six of the eleven publications presented in this thesis are sole-authored. The 

other seven co-authored papers include a significant amount of data 

production that has been used in the research, preparation and analysis of the 
questionnaires and analysis of the data. Table 1 identifies the contribution to 

each publication from the author of this thesis. The contribution to knowledge 

related to the overall research aim is detailed in chapter six. 
 

Table 1.  Publications and the author’s contributions 

Publication Author’s contribution to the publication 

Publication A – Peer-reviewed 
Journal paper 
Storer IJ, Badni K, Bhamra T, and 

Farmer S. "Communicating Sustainable 

Design”, Design & Technology 

Education. An International Journal 2, 

no. 10 (2005): 44-57. 

 

• Co-author 

• Co-supervised/ directed 

research carried out 

• Co-produced the posters that 

were used in the research 

• Editor of the material. 

• Co-developed and reviewed the 

semi-structured discussion and 

a series of questionnaires and 

surveys 

• Assisted in the analysis of the 

data 

-  approximate contribution 
35% 

Publication B – Peer-reviewed 

conference paper 
Simmons, Peter, and Kevin Badni. 

Developing a framework for analysing 

effectiveness of sustainable design 
websites in influencing design 

decisions. Paper presented at the 

• Joint-supervised/ directed 

research carried out 

• Primary reviewer and revised 

paper 

• Assisted in the spider diagram 

analysis. 
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D&T Association Conference, March 

1, 2006. 
 

• Assisted in the analysis of value 

judgments in design decision 

making. 

-  approximate contribution 

30% 

Publication C – Peer-reviewed 

conference paper 
Simmons, P. C., & Badni, K. (2006). A 

review of the literature concerning 

website effectiveness: before, during 

and after use. Proceedings of IDATER 

on-line conference. Loughborough 

University, pp. 47-61. 

 

• Joint-supervised/ directed 

research carried out 

• Reviewer and editor of the 

paper 

-  approximate contribution 

20% 

 

Publication D – Peer-reviewed 
conference paper 
Badni, K. (2016) Effects of immediacy 

on the perception of interactive art. In 

Archiving and Questioning 

Immateriality: Proceedings of the 5th 

Computer Art Congress, Paris, October 

26-28, 2016, 385. Paris. 

• Sole-author  

• Self reflection 

• Design by practice 

• Analysis of latency in 

relationship to digital visual 

communication.  

-  contribution 100% 

 

Publication E – Peer-reviewed 

Journal paper 
Badni, K. (2006). Virtual reality design 

techniques for web-based historical 

reconstructions. Virtual Reality, 9(4), 

215–225. 

 

• Sole-author 

• Development of the VRML 

models for the BBC 

• Self-reflection on the design 

methodologies used for effective 

visualisations.  

• Comparison of delivery methods. 

-  contribution 100% 
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Publication F – Peer-reviewed 

Journal paper 
Ye, J., Campbell, R. I., Page, T., & Badni, 

K. S. (2006). An investigation into the 

implementation of virtual reality 

technologies in support of conceptual 

design. Design Studies, 27(1). 

 

• Reviewed and revised paper 

• Co-designed modes and 

evaluation study 

• Advised on the LUCID software 

system. 

• Assisted with creating and 

analysing the questionnaires, 

surveys and user trials. 

• Assisted in the analysis of the 

data 

-  approximate contribution 

15% 

Publication G – Peer-reviewed 

conference paper 
Badni, K. (2008). The use of 3D 

visualisation and interaction to market 

a new near-net-shape pin tooling 

application. In ICEIS 2008 - Proceedings 

of the 10th International Conference 

on Enterprise Information Systems 

(Vol. HCI). 

• Sole-author  

• Self-reflection 

• Explanation of software 

development and methodology 

-  contribution 100% 

Publication H – Peer-reviewed 
Journal paper 
Beh, C-S, Badni, K, Norman, EWL 

(2011). Key Emerging Principles of the 

Visual Communication of Technology. 

In Chandler, BS, Averinou, DM, 

Valandis, N, Search, P (ed) Selected 

Readings of the International Visual 

Literacy Association 1, no. 1 (2011): 37-

47. 

• Joint-supervised/ directed 

research carried out 

• Primary reviewer and revised 

the paper 

• Assisted in the eye-tracking set 

up and result analysis. 

-  approximate contribution 

35% 
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Publication I – Peer-reviewed Journal 

paper 
Badni, K. (2011). The collaboration of 

two different working practices 

enabling autonomous virtual reality 

artwork. Digital Creativity, 22(1). 

 

• Sole-author  

• Self-reflection 

• Analysing artists’ practices and 

working practices 

• Artist’s toolkit design described 

-  contribution 100% 

Publication J – Peer-reviewed 
conference paper 
Badni, K.(2012). Real product eye-

tracking. In Proceedings of 

International Design 

Conference, DESIGN (Vol. DS 70). 

• Sole-author  

• Methodology of new 3D eye-

tracking 

• Software development 

described and results analysed 

• Analysis of questionnaires and 

observations 

-  contribution 100% 
Publication  K– Peer-reviewed 

conference paper 
Badni, K. (2015). Creating 

Observational 3D Sculptures. In 

Proceedings of the 21st International 

Symposium on Electronic Art, ISEA 2015 

- Disruption, August 14-19th 2015, 69-

77. Vancouver. 

 

• Sole-author  

• Self-reflection 

• Methodology described 

• Software development 

-  contribution 100% 
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6 CONTRIBUTIONS TO KNOWLEDGE 
 

This thesis presents eleven publications and ten artistic installations that, as a 

collection, make a claim for successful contribution of new knowledge 

regarding computational methods to enable effective visualisations. 
 

Two central research questions have driven the enquiry: 

• What makes digital visual communication effective? 

• What are appropriate tools and methods for creating effective 3D 

visualisations? 
 

 

6.1 CONTRIBUTIONS TO KNOWLEDGE:  
RQ1: WHAT MAKES DIGITAL VISUAL COMMUNICATION EFFECTIVE? 

“What is effectiveness?” in relation to digital visual communication, is a difficult 
question to answer. Effectiveness is complex, as the meaning relates to a vast 

array of specific areas. Through the research it has been established as 

covering cognitive psychology, human-computer interaction, usability, 

professional writing, linguistics and rhetoric. 
 

Through four papers the author and co-authors have tried to clarify and analyse 

the meaning of effectiveness in this context. Publications A and B, aimed to 
derive the optimum visual format through the medium of print and through the 

use of websites for presenting sustainable design tools, techniques and 

information to students. From the findings, optimal visual data should be 
displayed in an uncluttered, easily accessible format. Care should be taken to 

ensure that the style applied is appealing to the target market. If extensive 

complex data is to be displayed it is recommended to have additional links or 
supporting publications to increase the efficacy rather than have all the data 

displayed at once.  
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The research undertaken also revealed that design of complex data is most 

effective when it provides inspiration to the user. Within the context of the 

research undertaken the users were young design students so they reacted 
most favourably to images that showed professional design sketches with 

ideas and sketch processes they could apply to their own work. This research 

reinforces previous work where Lofthouse (2001) concluded that professional 
designers also required both information and inspiration, presented in a simple, 

easily accessible format. 

 
Paper C added to the understanding of visual effectiveness through looking at 

the key area of the effectiveness of websites. It investigated the comprehension 

of effectiveness within this visual context developing a classification system 

based on three distinct phases of effectiveness: before use, during use and 
after use. The research findings show that there has been a large amount of 

research into the ‘during use’ stage but little literature into ‘before use’ and 

‘after use’. This supported the notion that website effectiveness is rarely 
assessed in terms of having some impact or outcome. The paper highlighted a 

number of factors that should be considered when designing within the three 

phases. In relation to educational websites, the research showed that 
judgements should be made considering the following three areas; 

instructional, aesthetic and psychological. These judgements need to be 

considered when deciding what makes a website effective. Instructional would 
imply a website that informs the user of specific information. Aesthetical mean a 

website that has graphical appeal to the user. Psychological would look more 

to the ease of use and how things are displayed structurally to help the user 
find the information they require. 

 

In order for effectiveness of a website to be assessed, another key area has to 
be its influence. This could be seen in terms of a change in pattern of 

behaviour. More specifically a change concerning design decisions, lifestyle or 

consumption. The phase ‘after use’ also comprises of a website’s usability to 
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assess its validity, credibility and weighting, all of which could be judged upon 

user decisions that follow. 

 
 

The ‘during use phase’ was further examined in paper D, which looked at the 

effect of immediacy relating to interactive visual art. The findings from this paper 
were specific to interactive art but the cognitive mental models can be 

transferred to other areas of visual communication where viewers reactions to 

complex data could be influenced by introducing latency of display systems. 
 

6.1.1 RQ1. CONTRIBUTIONS TO KNOWLEDGE SUMMARY 

The research established a classification system based on three distinct phases 
of effectiveness in relation to visual communication:  

i. before use 
ii. during use 
iii. after use 

 
The research highlighted a number of factors that should be considered when 

designing within the three phases: 
• Data should be uncluttered 

• Displayed in an easily accessible format 

• Applicable to the target market 

• Additional links should be provided to more data 

• Design for efficacy rather than data display 

 

In relation to educational websites, the research showed that design 
judgements should also be made considering three areas; instructional, 

aesthetic and psychological. 

 
In addition, the research established a number of key emerging principles of 

visual communication technology. The emergent principles were based on the 

representation’s capability in facilitating comparison to reveal connections and 
relationships ; unity of form to accentuate function ; precision of data to 
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communicate accuracy or truth; and all graphical structures should be simple in 

design form, but complex in carrying data, in short, the emergent principles are: 
1. COMPARE > RELATIONSHIP 
2. FORM > FUNCTION 

3. PRECISE > ACCURACY/TRUTH 
4. SIMPLE IN DESIGN; COMPLEX IN DATA 

 

For cognitive models of understanding, latency can play an important role in 
effectiveness. From the research undertaken with artworks, it revealed that 

viewers prefer artwork that are not too easy or too difficult to comprehend. 

They had a greater appreciation of art which required a higher cognitive load to 
understand or comprehend it.  
 

 

6.2 CONTRIBUTIONS TO KNOWLEDGE:  
RQ2: WHAT ARE APPROPRIATE TOOLS & METHODS FOR CREATING 
EFFECTIVE 3D VISUALISATIONS?  
 

6.2.1 EFFECTIVE VR VISUALISATIONS 

Research into what are appropriate tools and methods for creating effective 3D 

visualisations was based on the knowledge that resided in the authors and co-
authors, their processes and products and the knowledge that was inherent in 

the activity of designing. This has been examined in three sole authored papers 

concentrating on the development of VR software and their applications. These 
papers add to the body of knowledge by eliciting insights through self-reflection 

of the design methodologies used by the author in creating effective 3D 

visualisations. These investigations have ranged from head mounted 
applications, through desktop workstation-based software, to low bandwidth 

web-based visualisations. The research has analysed the software 

development using knowledge of best practices and ways of working. They 
have also added to the knowledge and understanding of 3D visualization by 

explaining the methods and delivery of the visualisations, and the reactions of 

the viewers.  
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6.2.2 CONTRIBUTIONS TO KNOWLEDGE SUMMARY:  
EFFECTIVE VR VISUALISATIONS 

To have an effective VR visualisation, users require a good experience, by 

which the user’s eyes and brain should accept that what they are looking at is 
“real”. This does not mean that you cannot tell the difference by looking at 

them, but the perception of the objects should be indistinguishable from real 

world objects. 
 

The findings showed that users benefit from optimizations to allow fast 

download speeds and diminish display latency.  This is still applicable today 
even with fast internet speed and processors as there are many parts of the 

world where internet speeds are limited, and people do not have the latest 

processors in their computers or mobile phones. For collaborative 
communication and development, the need for a lightweight model format is 

still very relevant today. Latency interrupts the suspension-of-disbelief as the 

visual system is very good at detecting abnormalities such as an object not 
staying in its registered position correctly or the world not reacting as it should 

as you move around it. 

 
The research has established a number of preferred methods to reduce 

cognitive elaboration when viewing 3D VR visualisations. These include: 

• The use of photorealistic texturing and lighting. 

• Using lightweight-model formats.  

• Using spatial sound 

 

Investigating physical interactions with 3D virtual environments, the research 
has established four HCI interfaces that enhance the experience: 

• Integrating a two-handed operation interface.  

• Using a stereoscopic display interface. 

• Using a haptic interaction interface. 

• Using sound feedback interface. 
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The parsing system based on triangular vertices developed by the author is still 

relevant today as STL files are still an industry standard file format.  
 

Research showed that interacting with a virtual product rather than being 

exposed to only passive information is more effective in influencing customers 
intentions. Having a 3D environment is particularly beneficial to those 

customers who lack knowledge of the product or are unable to vividly imagine 

the technology as it does not rely on individuals' self-generated mental images. 
 

6.2.3 TOOLS & METHODS FOR ARTIST COLLABORATION IN VR 

Paper I described the research undertaken with a renowned artist over two 

years, looking into the disparate creative methodologies of the artist and the 
author as a VR designer. Through an analytical process of reflecting on 

thinking, actions and feelings, this paper offers a fresh insight into the workings 

of an artist and designer that is often considered elusive, as well as insights into 
how the creative mind functions. The research established a number of 

preferred working methods in relation to learning and advancing an art form 

that requires a solid knowledge of the underlying technology. The research 
found that for creative artist’s they prefer to not be restricted or hindered by 

technology when creating art works. However, as the learning curve for new 

technology is very steep the research showed that the artist required strong 
mentorship whose personal relationship was essential in building a supportive 

working relationship. The artist’s desire to freely experiment and to discover 

something on their own, giving an opportunity to push the established 
boundaries was a large driver that required the development of a 3D 

communication toolkit. The toolkit development was based on the research on 

how the artist worked and his creative insights. It provided the artist with 
freedom to experiment as well as producing robust technical outputs.  

 

6.2.4 CONTRIBUTIONS TO KNOWLEDGE SUMMARY:  
TOOLS & METHODS FOR ARTIST COLLABORATION IN VR 
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To support creative collaboration, the research revealed that a safe 

environment, where ideas will not be criticized, and experimentation is 

encouraged should be provided. 
 

To allow for experimentation and the important issue of independence, 

software should be provided as a toolkit that is designed to allow the user to 
experiment without requiring advanced technical knowledge or the need for 

support to be on hand. 

 

6.2.5 CONTRIBUTIONS TO KNOWLEDGE SUMMARY:  
USE OF EYE-TRACKING TOOLS AND METHODS 

Papers J and K specifically discuss the author’s unique 3D eye-tracking 

methodology that was used for visual research. The development of the 

methodology in paper J highlighted some technical considerations, that of the 
viewing object and viewers head to be supported to stay in a fixed position. It 

showed that viewing a real-life object from different angles highlighted different 

areas of interest.  
 

When using eye-tracking to review real products compared to virtual, the 

research showed that central bias that comes from using a monitor is 
eliminated. The results of the research showed that when reviewing the real 

product, longer fixation times and larger fixation numbers within the areas of 

interest were produced. The use of 3D eye-tracking of real products can be 
used to improve the effectiveness of aesthetics and the clarity of information 

that a 3D form can embody. 

 

6.2.6 CONTRIBUTIONS TO KNOWLEDGE SUMMARY:  
USE OF EYE-TRACKING TOOLS TO CREATE 3D ARTWORKS 

Paper K concluded the research by describing the author’s methodology for 

using eye-tracked gaze patterns as a basis for creating physical 3D artworks.  
The sculptural works produced used complex data points to create 

recognisable forms. To support the artwork’s effectiveness, the author 
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employed two of the key emerging principles of visual communication applying 

them to a 3D form.  

 
Firstly, the principle based on the representation’s capability in facilitating 

comparison to reveal connections and relationships was used. The subject 

matter chosen was the human face, this was based on the innate knowledge of 
how we perceive the world. Within this buried knowledge, one of the most 

prevalent is facial recognition. As our vision system is predisposed to see faces 

in patterns, the aesthetic content of the artwork was chosen to take advantage 
of this capability. 

 

The second principle used was the unity of form, but complex in carrying data. 

This was embodied in the sculpture as the form was easily recognisable but 
created using a complex mesh of hundreds of voxel points. Research has 

shown that viewers prefer artwork that are not too easy or too difficult to 

comprehend. They have a greater appreciation of art which requires a higher 
cognitive load to understand or comprehend it, the complexity of the sculptures 

adhered to this finding.  

 
The above principles have been proven to be effective in the creation of the 

sculptures as the art works which have been recognised as being unique 

through peer reviewed exhibitions. These exhibitions have been held both 
locally and internationally; in Bogotá, Chicago, Dubai, Sharjah, Sydney, and 

Venice as well as national art spaces in Falmouth, Leicester, Manchester and 

the Mall Galleries in London. The sculptural artefacts situate the research into 
contemporary art discourse, thereby making a claim for successful contribution 

of new knowledge. 
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7 CURRENT CONTEXT 
 

7.1 CURRENT CONTEXT: 
WHAT MAKES DIGITAL VISUAL COMMUNICATION EFFECTIVE? 

The contributions to knowledge are based on research undertaken from 2005 

to 2017. More recent debates around the question of what makes digital visual 

communication effective, support the claims.  
 

The classification system based on three distinct phases of effectiveness in 

relation to visual communication has been supported by Lee and Koubek (Lee 
and Koubek, 2010) who used e-commerce web sites to study the relationships 

among perceived usability before use and web site preference.  Their results 

indicated that participants’ perceptions of usability before actual use generally 
matched their overall preference after use. Lee and Koubek also investigated 

the effects of design attributes on user preference. Their findings implied that 

design attributes of a web site can be rated consistently with a participant's 
overall preference for the web site. It appears that a participant's whole belief 

and feeling toward a web site after use can influence his or her evaluation for 

each design attribute of that web site. 
 

Visual complexity has been investigated by Wang et al. (2019) who studied 

infographics and comics.  They confirmed that visual complexity, at a first 
glance, actually impacts participants’ performance negatively. Wang et al. also 

supported the principle of creating additional links for other information stating 

that a clear page layout, potentially including overview panels, can support 
information look-up and relation during reading. (Wang et al., 2019) 

  

 

Lane Harrison, Katharina Reinecke  (2015)  investigated the aesthetic form of 
infographics and concluded that when optimizing the design of an infographic 

to make a good first impression, designers should aim for a low to medium 
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complexity, supporting design for efficacy rather than data display. They also 

supported designing infographics to be applicable to the target market given 

the significant effects of age, gender, and education level.  

 
For online shopping, the perceived visual complexity has also been shown to 

negatively influence individuals’ satisfaction (Sohn, Seegebarth and Moritz, 

2017). 
 
In another study by Schnur, Bektaş and Çöltekin, 2018, based their research 

on different online map providers (Google Maps, Bing Maps, and 
OpenStreetMaps). Their results implied that complexity, as measured by feature 

congestion, is more important in perceived complexity than the variation in 

symbols.  
 

The key emerging principles of visual communication technology are supported 

by McCray and Brunfaut, 2018. They state that, when the layout of the 
instructional materials makes it harder for learners to ignore unnecessary 

information, it distracts from the organisation of the essential information. In 

turn, these processes might hamper integration of the essential information. 
 

Da Silva, Courboulay and Estraillier, 2011, studied the correlation between 

human eye movements as well as different models of computational attention 
against image complexity. Their experimental results confirmed the existence of 

a correlation between attentional behaviour and image visual complexity.  

 
Rop et al., 2018 used eye-tracking technology to analyse effectiveness of 

diagrams with unnecessary text. The eye-tracking measures indicated that the 

unnecessary text attracted attention, at the expense of attention to the relevant 

text labels and arrows.  
 

7.2 CURRENT CONTEXT: 
WHAT ARE APPROPRIATE TOOLS & METHODS FOR CREATING 
EFFECTIVE 3D VISUALISATIONS? 
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Nguyen and Choi (2019) support the premise that original CAD models are too 

complicated to be efficient for frequent data sharing, especially via the 

Internet.  They state that the key to achieving a lightweight representation of 3D 
CAD data is to reduce the data storage consumption of the geometric objects 

since the geometric information consumes the majority of the data storage in a 

3D CAD file.  
 

Nguyen and Choi have developed a similar reduction parsing system as 

described by the author when developing the STL import system. Their system 
utilised a model sewing algorithm to match topological connections. For each 

candidate edge or polyline they run a similar algorithm that was used by the 

author to check if it is duplicated and then the duplicate line or edge is 

eliminated. However, instead of applying this to STL files they have used it for 
developing lightweight mesh and boundary representations. 
 

The use of photorealistic texturing and lighting to make 3D visualisations more 

effective is supported by Lee and Yang, (2019). They state that texture 

mapping in 3D models generates photorealistic representations of 3D 
geometric objects, which enhances the spatial perception of areas of interest.  
 
 
Recent studies have supported the effectiveness of using spatial sounds in VR 

environments. Störmer, (2019) states that orienting to a spatial sound affects 
visual processing, enhances visual perception, boosts visual-cortical 

responses, and modulates visual cortex activity before the appearance of a 

visual object. Critically, all of these effects are spatially selective, indicating that 
spatial attention facilitates perceptual processing at an attended location across 

sensory modalities.  
 
Drogemuller (2020) explored VR navigation techniques in 3D network 

visualisations and their work supported the proposal that two-handed 

navigation is more effective. They stated that two-handed navigation was the 
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fastest and most preferred navigation technique for exploring and performing 

tasks in large 3D graph visualisations.  
 

Brath (2015) supports the idea of stereoscopic viewing in 3D visualisations to 

make them more effective, whilst McIntire, Havig and Geiselman (2012) 

state that stereoscopic viewing can improve the spatial understanding of 3D 
scenes or objects, improve memory/recall of scenes or objects, and improve 

learning of spatial relationships and environments.  
 

7.2.1 CURRENT CONTEXT: 
TOOLS & METHODS FOR ARTIST COLLABORATION IN VR 

Kendal, Mulla and Thomazi-Freitas (2019) sought to investigate how artists, 

from traditional fine art and applied art backgrounds, can create innovative 
immersive and virtual art and build upon their tangible skills, through a digital 

pipeline and tools. Their findings mirrored those of the author in that one of the 

main challenges for the artist is how to access and learn the complexity of 
available tools to develop an internalised model of the VR tools and 

environment in order to gain a sense of actual control and external mastery. 

They also stated that that ease of use and access to the VR environment was 
supported by having an experienced VR artist and support team available to 

support the artists. 
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7.2.2 CURRENT CONTEXT:  
USE OF EYE-TRACKING TOOLS AND METHODS 

Eye-tracking has developed into a common research tool in the study of 
consumers’ visual attention and responses to packaging and advertising. It has 

also become increasingly popular in retailing as a way to better understand 

consumers' visual attention and so gain insights into how to stimulate sales of 
particular products or help consumers make better decisions (Meißner , 2019). 

 

Pentus  (2020) confirmed that centre viewing bias is an issue when comparing 
screen based eye-tracking versus mobile eye-tracking.  They conclude that 

‘based on the research, it can be concluded that stationary eye-tracking is not 

always suitable for studying consumer perception and behaviour because of 
the centre viewing bias’. 

 

Grewal  (2011) see mobile eye-tracking as an opportunity for analysing the 
effectiveness of promotional design elements. However, most of the consumer 

eye-tracking behavioural research has been undertaken in a laboratory using 

2D desktop eye-tracking systems (Meißner , 2019). This artificial research 
environment has been recognised as an issue by Kahn (2017) who stated 

“effects that work in the laboratory may work differently in the field”.  

 
There have been suggestions to use a VR mobile eye-tracking system instead 

of 2D eye-tracking in a laboratory setting. However, it is unclear if the users 

would act differently in a VR environment due to the structural differences to a 
real-life environment (Bigné, Llinares and Torrecilla, 2016),(Meißner , 2019). 

 

Researchers emphasize that there is still a lack of research in this area, 
especially when it comes to using mobile eye-tracking to understand decision 

making for fast moving consumer goods (Clement, Kristensen and Grønhaug, 

2013), (Wästlund , 2015). 
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There appear to be very few studies that have used mobile eye-tracking relating 

to real world products. The following have researched eye-tracking in retail 

environments, (Burke and Leykin, 2014), (Clement, 2018), (Clement , 2017), 
(Gidlöf , 2013), (Hendrickson and Ailawadi, 2014), (Otterbring , 2014), 

(Wästlund , 2015).  

 
Clement (2018) has written an abstract with a very short description of his 

system to use 3D eye-tracking data. Similar to the author, he uses 3D-

modelled products of packaging situated on shop shelves to project areas of 
interest. These are created by using overlaid frames captured by the mobile 

eye-tracking. The frames are then projected onto the 3D models.  Clement, 

along with Ramsbøl Jensen (2017), have also developed a system to use dense 

point clouds to record the packaging on the shelves and overlay these with 
photographs. They then matched the frames from the mobile eye tracker to 

overlay the gaze points to the 3D cloud data to create areas of interest  

 
However, from the review undertaken, there does not appear to be any 3D eye-

tracking using projected points based on x-y coordinates as developed by the 

author being used to review real products that can be manipulated by the user. 
 
 

7.2.3 CURRENT CONTEXT 
USE OF EYE-TRACKING TOOLS TO CREATE 3D ARTWORKS 

Eye-tracking has been used in a number of studies to analyse how viewers look 

at art, but little appears to have been done to use eye-tracking to support 
artists make art. 

 

Creed (2018) states that there is little awareness amongst artists around novel 
forms of technology (e.g. eye gaze tracking) that present new creative 

opportunities.  

 
There are a few drawing applications on the market that use eye-tracking to 

support the creation of art works. The most advanced version uses Tobii eye-



50 
 

tracking hardware and eye-gaze software allowing for the creation of 2D art 

work (Artistic expression - Tobii Dynavox, 2016). 

 
Very few artworks created using eye-tracking technology have been publicly 

exhibited and there does not appear to be any artists creating novel 3D artwork 

as produced and exhibited by the author. 
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8 FUTURE WORK 
 
Semiotic 3D data 
This research presented in this thesis has positive implications for the future 
design and understanding of 3D visualisations. By providing a deeper 

understanding of effective 3D communication it is expected that future designs 

will make visualisations more accessible, providing a greater communicative 
message. Effective 3D communication is likely to become more popular in the 

future as the benefits will allow the producers to engage with the audience 

more efficiently, help improve decision making and encourage learning and 
development amongst users. There is still much to learn about how the brain 

perceives and processes 3D information. Effective 3D visual communication 

requires an interpretive strategy on the part of both the sender and the receiver. 
The author is interested in further developing the link between semiotic 3D data 

and how much of the intended meaning is interpreted by the receiver of the 

message.  
 
3D visual communication 
The research in this submission has shown that effective visual communication 
is a product of interpretations and experience. Relating our understanding of 

how we look at visual artefacts helps to further demystifies this cognitive 

process. Our lives are already, to a large extent, determined by information. 
Information is becoming represented increasingly by 3D visual graphics, so it 

will be exciting to see how the development of new concepts of effective 

communication of 3D data will emerge to fit the forthcoming information age. 
The author would like to investigate further how to effectively integrate 3D 

graphics in particular, within educational augmented reality and VR worlds. 

 
3D eye-tracking 
Technology has always been used by artists to create their work and the use of 

3D eye-tracking is another tool to aid artists in this pursuit. Through the 
author’s new methodology and software, the author has developed a new 

aesthetic form that has been recognized for its uniqueness being exhibited 
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nationally and internationally. The current methodology simulates binocular 

vision by taking monocular tracking and transposing the viewed points onto a 

virtual 3D model. Binocular accuracy is not currently possible with existing eye-
tracking technology, but as it develops it is expected that 3D eye-tracking will 

become binocular where the difference in the two views of the eyes due to their 

horizontal separation will be used to calculate a three dimensional or 
stereoscopic representation of an object. How this technology will be applied is 

still unknown. It may be used to enhance the creation of artworks in the 3D 

space similar to the ‘gravity sketch’ (Home - Gravity Sketch, no date) software 
which allows designers to sketch in a 3D space whilst wearing a high-end VR 

headset. However, it is the authors opinion that it will be first used to support 

eye gestures to control information or entertainment systems, similar to 

Samsung’s Smart Scroll which allows the user to scroll up and down on emails 
and webpages by simply moving their head. The author would like to 

investigate further the use of binocular eye-tracking in the development of 

products and 3D art works. Can eye-tracking be used to improve the designer 
or artist’s vision, or will it become another example of poor design by 

committee? 
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10 APPENDIX A – ART WORKS EXHBITIONS 
 

Table 2.  National and international art exhibitions based on the eye-tracking 

methodology described in paper K 

INTERNATIONAL EXHIBITIONS 
International Exhibition a 

Object Gallery (Jun 2010). Just Looking. Sydney, Australia. [Juried exhibition]. 
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International Exhibition b 

LeRoy Neiman Center. (Oct 2015). Seeing Temporal Data. Chicago, USA. Juried 

 

 

International Exhibition c 

Pro Art Gallery. (May 2014). The Big Picture Art Exhibition, Dubai, UAE. Curated 

by Ram Nath 
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International Exhibition d 

Sharjah Art Foundation. (May 2014). Just Looking and Above sculptures. OPUS 6, 

Sharjah, UAE 

 

 

International Exhibition e 

Pro Art Gallery. (April 2016). Victory of Samothrace sculpture. Dubai, UAE. 

Curated by Xenia Gazi. 
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International Exhibition f 

Sikka Art Fair. (March 2016). Big Head II sculpture. Dubai, UAE. Curated by Mattar 

bin Lahej.  

 
 
International Exhibition g 

Borders International Art and Architecture Festival. (Aug 2016). Points of Identity.  

Venice, Italy. Curated by Andrea Chinellato.  
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International Exhibition h 

Jorge Jurado Gallery. (Nov 2016). Points of Identity. Bogotá, Colombia. Curated by 

Luca Curci. 
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Table 1c.  National Exhibitions and the author’s contributions 

LOCAL / NATIONAL EXHIBITIONS 
National Exhibition i 

The Poly gallery. (Feb 2010). Inside Out. Falmouth, UK. 

 Phoenix Square Arts Centre. (June 2010). Inside Out. Leicester, UK 

 Pavement Gallery. (Aug 2010). Inside Out. Manchester, UK 

 Curated by Martin Reiser and Claire Smith. 2010. 

 

 

National Exhibition j 

Mall Galleries. (Nov 2015). ING Discerning Eye Exhibition. London. Juried. 

[International exhibition, over 2000 entries, 100 selected art works by 6 jurors]. 
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11 APPENDIX B – RESEARCH METHODS 
 

Table 3. Research methods used in the underlying research for the publications 

The author’s contribution to the research methods used for each publication is 

indicated as follows: Full contribution in bold; shared contribution in black, 

supervisory contribution in grey. 

Publication Data collection methods 

used 

Data analysis methods 

used 

Publication A 
Storer IJ, Badni K, 

Bhamra T, and Farmer 

S. (2005) 

Literature review 
Semi-structured 

discussion 

Workshop 
Qualitative 

questionnaires  

Qualitative surveys 

• Reviewed and revised 

paper 

• Review of relevant 

literature 

• Reviewed the semi-

structured discussion 

and a series of 

questionnaires and 

surveys 

• Assisted in the 

analysis of the data 

Publication B 

Simmons P, and Badni 

K. (2006) 

Usability checklist 

Analysis of sustainable 

design websites 
compared to 12 

sustainable features 

 

• Reviewed and revised 

paper 

• Assisted in the spider 

diagram analysis. 

Publication C 

Badni, K. (2016) 

Self-reflection of design 

methodology and 

decisions made relating 

to visual communication 
both physical and digital 

of the art work. 

Analysis of latency in 

relationship to digital 

visual communication.  
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Quantitative 

questionnaires. 

Publication D 

Simmons, P. C., & 
Badni, K. (2006). 

Literature review of 

website effectiveness 

• Reviewed and revised 

paper 

 

  •  

Publication E 

Badni, K. (2006) 

Self-reflection Analysis of modelling 

and software code. 

Publication F 
Ye, J., Campbell, R. I., 

Page, T., & Badni, K. 

(2006) 

User evaluation trials  
Quantitative 

questionnaires 

Qualitative surveys 

• Reviewed and revised 

paper 

• Co-designed modes 

and evaluation study 

• Advised on the LUCID 

software system. 

• Assisted with creating 

and analysing the 

questionnaires, 

surveys and user 

trials. 

• Assisted in the 

analysis of the data 

Publication G 

Badni, K. (2008) 

Self-reflection • Analysis of modelling and 

software code and 

algorithms used. 

Publication H 
Beh, C-S, Badni, K, 

Norman, EWL (2011) 

Literature review 
User trials 

Eye-tracking data 

analysis 

• Joint-supervised/ 

directed research 

carried out 

• Primary reviewer and 

revised the paper 
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• Assisted in the eye-

tracking set up and 

result analysis. 

 

Publication I 
Badni, K. (2011) 

Self-reflection 
Qualitative interviews 

Observations 

Recording of meetings 
and discussions. 

Analysis of creative 
methodologies, toolkit 

design and 

implementation. 

Publication J 

Badni, K. (2012) 

Self-reflection 

Qualitative questionnaire  
Semi-structured 

interviews 

Observations 

Analysis of technical 

processes and design 
methodology used. 

Analysis of 

questionnaires, 
observations and 

interviews. 

Publication K 

Badni, K. (2015) 

Self-reflection Analysis of technical 

processes and design 
methodology used. 

 

 

 

 

 
 

 

 

 

 

 
 
 





Publication A – Peer-reviewed Journal paper 
Storer IJ, Badni, K, Bhamra T, and Farmer S. "Communicating Sustainable Design”, Design & 

Technology Education: An International Journal, 2, no. 10 (2005): 44-57. 

 
 
  



Abstract

This paper outlines research undertaken at
Loughborough University to investigate
innovative methods of communicating the
complex issues associated with Sustainability
with post-16 students in the UK as part of their
design and technology education. A series of
posters articulating elements of sustainable
design were developed by a team consisting of;
sustainable design experts, two industrial
designers and an undergraduate design
student. The poster designs were presented to
post-16 students and teachers in three iterative
development cycles with the responses
recorded using a mix of semi-structured
discussion and a series of questionnaires. The
research results indicate that posters can
provide a useful and innovative method of
communicating sustainable design issues to
students in Design and Technology. However,
the results also show that the content of
posters must provide a balance of inspirational
images and detailed information, with further
resources available to enable more in-depth
study. These findings are now being used to
produce a final poster set which will be
published by ITDG in the coming year and
available for use by students when tackling
sustainable design.

Keywords

Sustainable design, education, graphical
communication, posters 

Introduction

Sustainable design as a subject has developed
considerably over the last ten years with the
increase in awareness of environmental and
social issues in industry (Von Weiszacker et. al,
1997; Hawken, 1993; Wackernagel & Rees,
1996). This awareness has been driven by two
factors, the increase in world wide legislation
relating to the environmental performance of
industry and the increasing concern from the
public about environmental and social
problems (Sarkis 2001). At the same time it has
been recognised that sustainability must also
be introduced into the curriculum at both
further and higher education levels to ensure
that the workforce of the future have a good

understanding of their responsibilities (Ali
Khan, 1995; Sterling, 2001). 

Education for sustainable development
enables people to develop the knowledge,
values and skills to participate in decisions
about the way we do things individually and
collectively, both locally and globally, that will
improve the quality of life now without
damaging the planet for the future. 
(Department for Environment Rural Affairs
and Food, DEFRA, 1998)

Design is just one area of the curriculum that is
beginning to benefit from this change in focus
and where many new initiatives are beginning.

This paper outlines research that has been
undertaken at Loughborough University to
investigate innovative methods of
communicating the complex issues associated
with sustainability with post-16 students in the
UK as part of their design and technology
education. The research was conducted as part
of the Sustainable Design Award (SDA) run by
the Intermediate Technology Development
Group (ITDG). The SDA is a scheme integrated
into normal design and technology coursework
for students in the post -16 age group. The
scheme aims to help students explore
environmental, economic, social and moral
issues in Design and Technology and has been
undertaken by students in over 300 schools in
England and Wales. (Capewell & Norman, 2003) 

Literature review

The following section presents a brief review of
the existing research literature, concerning
communicating sustainability within design and
teaching the key issues for successful education
in sustainable design

Communicating Sustainability within Design

The process of sustainable development requires
us all to think differently about what we do, how
we do it and why we do what we do. While this
may sound a straightforward enough task, there's
plenty of evidence emerging- climate change,
loss of biodiversity and increasing social
dislocation - to suggest otherwise (Huesemann,
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2003). Consequently there are many different and
often complex issues to get to grips with in order
to begin to understand sustainable development
and, in particular, a designer’s role in making a
difference in the future.

Previous research has indicated that this
complexity has led to confusion amongst
professional and student designers about their
ability to effectively take part in sustainable
design activities (Sherwin, 2000; Lofthouse, 2001).
Many designers feel that sustainability is a
subject which requires very detailed technical
knowledge and therefore makes it difficult for
them to understand and apply it in their everyday
design work (Lofthouse & Bhamra, 2001).
Research has focussed on how to communicate
the complex information required by designers to
enable them to begin to consider sustainable
design and this has examined and developed
tools to be used as part of the design process
(Lofthouse & Bhamra, 2001). However to date the
research has not considered how this can be
applied to post-16 students and enable them to
engage with sustainability when designing. This
issue of communication became particularly
important to the organisers of the Sustainable
Design Award as they were trying to educate
students about sustainability through design
activity rather than through written exercises. 

Technology has a tradition of visual
representation since the Renaissance of the 15th
Century (Ferguson, 1977). The visual system is
considered by both Damasio (1994) and Kosslyn
(1994) to be the main way in which stimuli reach
the brain. Riding and Rayner (1998) found that
individuals fall into two categories when
perceiving information; verbalists and imagers.
There is some evidence to support designers as
imagers, preferring graphical forms of
communication to text or verbal methods (Storer
& McDonagh, 2004). 

This work attempts to derive the optimum format
for presenting sustainable design tools,
techniques and information to the students,
through iterative development cycles. Various
presentation media were considered, including;
online resources, posters and booklets. However,

posters were considered to provide a useful
starting point for a number of reasons. Posters
may always be visible to the students throughout
the Design and Technology classes, whereas, it
may be difficult for a whole class to access online
resources simultaneously. Posters would require
very little expenditure from the schools to
implement, and prototype designs could be
produced and modified quickly and
inexpensively, at the small numbers required for
initial testing. The relatively short development
time required for posters, would allow a wide
range of iterations to be produced, and
comprehensive feedback collected over a one
year period

Key Issues for Successful Education for

Sustainable Design

Previous research (Orr, 1994; Dewberry &
Bhamra, 2005, DEFRA 1998) has indicated the
range of subjects that students need to be
introduced to in order to be able to consider
issues of sustainability in their designing. Some
of these subjects include:

• Key concepts of sustainable development
• Industry and sustainability
• Sustainable design
• Methods and tools for sustainable design

This has led to the development of modules and
courses at both undergraduate and postgraduate
levels within UK Universities. This work was
used to help ITDG develop the programme of
activities and information to support the students
undertaking the sustainable design award and
therefore became the basis of the content for the
posters, as well as contributing to their teacher
information pack and student website.  

This range of subjects within sustainable design
was used as the basis for identifying the key
issues to be communicated to the AS and A2
level students and formed the starting point for
the poster development research described in this
paper. AS level study is undertaken by post -16
students for one year after GCSE examinations.
AS consists of three modules that equate to half
of an A level qualification. The students can
continue with the subject for a further year and
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undertake and A2 level examination. However not
all students continue to A2 level. 

Research Method

In order to establish a poster series for
communicating Sustainable Design it was first
decided to recruit a team of two professional
industrial designers who would work alongside
lecturers and research students to develop the
posters. These designers had limited previous
experience of sustainable design and came to the
subject with no preconceptions of what the
posters would be communicating.

Throughout the research a series of
questionnaires were used to gather data from
students and teachers. These questionnaires were
designed by the researchers in collaboration with
the designers and sustainable design experts and
then applied at the different research stages

The first stage was to provide the designers with
an outline of some of the key issues in
sustainability using the previous experience of
one of the authors. It was decided that a one day
workshop would be held for the designers where
the key issues would be outlined and some
methods and tools would be introduced and
applied.  After the one day workshop a team
made up of two professional designers, two
lecturers in sustainable design and design
research students brainstormed poster content
ideas over a one hour period. Following the
brainstorming session three sustainable design
messages where chosen.  These embryonic ideas
were developed by the Industrial Designers into
three separate poster designs. 

Figure 1 below outlines the stages of the
research.
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Fig. 1 Research process



The draft posters were tested at a Study
Weekend held by ITDG for the Sustainable
Design Award attended by 70 AS and A2
students and 20 teachers in September 2003.
The posters were shown to students who were
required to complete a questionnaire about both
their style and content, indicating areas they
found particularly useful or confusing. After
reviewing the three posters the students were
asked to brainstorm some poster ideas.  This
was mainly to help them review the Sustainable
Design presentations given by experts over the
weekend and also to create a cognitive bridge to
the next stage of the study weekend involving
concept sketching and idea creation.

Following this event the feedback was used by
an undergraduate design student to develop
three further posters. These six posters were
then shown to teachers at schools in the UK to
gain feedback. The posters and their role in
supporting sustainable design were presented
by the researcher and semi-structured
discussions followed on the merits of the
poster designs. The researcher aimed to aid
discussion rather than lead it. The teachers
then critically reviewed the posters, and
completed a questionnaire. 

Five additional posters were created
embodying the findings from the previous two
surveys. The five new posters explored ways of
presenting further sustainability issues using a
similar graphical style to the earlier posters
considered from the research to be successful.
These eleven posters were taken to a number
of schools in the UK and shown to 24 teachers
and 56 students and also tested at a further
SDA Study Weekend in September 2004
attended by a similar number of students and
teachers. At the study weekend the posters
were introduced by the researcher to a group
of 24 teachers. At the same time student
volunteers showed the posters to over 60
students who were free to observe and discuss
the poster design and content in groups. As a
result of these two sets of activities,
questionnaires on these additional posters
were completed by a total of 116 students and
48 teachers and the results analysed. 

Poster Design

As outlined above three draft posters were
initially developed from a brainstorming and a
design session involving two professional
industrial designers. The designers felt that it
was important to not only communicate some
key messages about sustainability but also to
illustrate some sustainable design work, and
sketching/presentation techniques.

The first poster in the series (Figure 2) illustrates
the results of a previous research exercise
where a professional industrial designer spent
one hour ‘brainstorming’ design ideas for a
bread toaster based on sustainable principles.
Ten different concepts were sketched and the
more successful collated, shaded and displayed
on the poster. The poster presented a
professional level of concept sketching and
demonstrated what can be achieved during a
very short design exercise and also highlighted
sustainable design features.
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Fig. 2 Poster 1



Poster 2 (Figure 3) presents the same
designer’s description of a very simplified view
of the life-cycle of two products. The
illustrations represent:

• Raw materials and design ideas are fed into
two factories, one producing cars and the
other skateboards. 

• The distance travelled by each mode of
transport on the same quantity of energy/
resource is indicated by the red trail left by
the car and the green trail left by the
skateboard. 

• The two products are recycled and the
component materials fed back into the
factory.

The second industrial designer produced poster
3 (Figure 4) to communicate the effect
purchasing decisions have on the world’s
resources.
The Global (or Ecological) Footprint analogy is
used by many organisations (including the
World Wildlife Fund and United Nations) to
illustrate how much land and water area a
human requires to produce the resources it
consumes and absorb the waste it produces.

Every action (including purchasing decisions)
has a direct impact on the planet's ecosystems.
This has little consequence as long as the use
of resources does not exceed what the planet
can renew. To relate this idea to the target
audience of 16 to 18 year olds a character was
drawn showing typical purchase and lifestyle
decisions made by this age group based on the
designer’s observations.  These ranged from
transport, food and clothing purchases,
through to beauty products, including hair gel
and makeup and entertainment products such
as MP3 players.  The intention was that the
students would be able to relate to the
character and realise that each of their own
purchasing decisions affected the size of their
own global footprint. The final strap line
explains the Footprint analogy in simple terms
regarding the finite amount of resources
available on the planet rather than an in depth
discussion of how the footprint calculations can
be completed.
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Fig. 3 Poster 2 Fig. 4 Poster 3



Initial Research Findings

As outlined previously the three posters were
presented to students at the SDA study
weekend.  Towards the end of the weekend a
poster questionnaire was used to assess the
students’ reactions to the posters asking them
if they could remember what was included in
the posters, what they thought should be
included and whether any of the posters had
helped to guide them in their thoughts and
future designing. The students were also asked
which poster they preferred and why, and what
other posters they would have liked to see.

Of the three posters presented 42% of the
students preferred Poster 1 (Sustainable Toaster
Design), with 32% preferring Poster 2 (Product
Life Cycle) and 25% preferring Poster 3 (Global
Footprint). This result is a good indication of the
preferred poster content revealed by
subsequent questionnaires. In particular, the
students were asked about how they thought
the posters would help with their design work,
their responses included the following:

• Style, enable better sketching and more
free and easy flowing ideas

• Provide inspiration  
• Explain sustainability
• Help with presentation techniques
• Creation of ideas/ variation
• Quicker idea generation from looking at

pictures and existing products

In response to the question ‘What else would
you like to see examples of?’ the students
recommended the following:

• Disassembly / exploded drawings
• Drawings – more sketches
• CAD designs
• Annotations on sketches and pictures
• Presentation drawings
• Project work
• Other products explored or shown  

• Cars 
• CD covers/ cases
• Tables - coffee/ dining 
• Street furniture 
• Garden Furniture 
• Mobile phones

The responses to both of these questions show
that students are inspired by a professional
designer’s sketch work particularly in relation to
real products or design projects. They are keen
to see details of products designed with
sustainability in mind so that they can apply
these lessons to their own design work.

When examining student feedback on both the
product lifecycle and global footprint posters,
students often asked for further clarification of
the issue in question and felt they needed
much more detail in order to understand the
concept fully. This may be inappropriate for a
poster as detailed text could be difficult to read
and detract from the images being used. In
contrast other comments suggested that they
would prefer a poster with an introduction,
showing more drawings, with simple language
explaining each step or process, concluding
with a summary of what the poster has said.
The students suggested that the poster should
be eye catching and lively, but at the same time
not too cluttered or complicated to follow. This
suggestion highlights the issue that alternative
ways of communicating these messages,
possibly considering different learning styles,
should be found to impart all the information
the students require without causing a poster
to appear cluttered.

The poster series was designed to support the
website and handbook provided by the SDA,
which allowed the posters to be developed in
simple uncluttered formats with reference to
the additional materials when more detail was
required. However the SDA materials do not
cover the sketching and layout information that
was a preferred element of the poster designs,
hence more poster space dedicated to these. 

Poster Design Ideas

The students’ produced ‘brainstormed’ poster
ideas during the SDA weekend. A number of
ideas emerged showing their perception of
what sustainability was and how the concept
affected them. It was interesting to note that
the students tended to ask questions and
propose explanatory scenarios to outline these
initial thoughts. The main areas covered were
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posters depicting the impact of using products
i.e. how much damage we do, and posters
which suggested ways of reducing, reusing and
recycling. 

Table 1 illustrates the main ideas from the
student ‘brainstorm’ of potential posters which
have been grouped under the three original
poster headings:
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Product Concepts

Illustrating innovation and
creative thinking 

Sustainable design checklist

Go ‘Green’ – traffic lights
analogy

Applying design tools 
• Eco Indicator
• Design Abacus

Life Cycle

Reduce, re-use, recycle

Recycle after use

Sustainability – how, where,
why, what.

Packaging disposal

Global Footprint

Typical user image

Idea of progression – future
impact

Product examples 
• CDs 
• Oranges 
• Kettles “think before you

drink”

Importance of the user to
sustainability

As well as these poster ideas there were a
number of scenarios suggested that students
felt could have been included, these were:

• What if there was no room? – Would we
have to live on Mars?

• What if there was no water?
• Humans Vs Earth
• What we manufacture today may affect the

world tomorrow
• Consider future generations
• How sustainable are you?

The students’ also sought further information
about sustainability and sustainable design.
The issues of; global impact, what can be
achieved by implementing sustainable design
ideals, how materials and components are
recycled and what happens to materials and
components which are not were considered
important. Through analysing the students’
responses it is clear that they like to relate
issues of sustainability to themselves.

Consequently real life examples are preferred,
such as; how they can reduce what they
consume, how they affect the earth and
examples of new ideas or developments in
recycling.  

Further Poster Development

The next stage was to produce more posters
with the design and content informed by the
findings from the previous survey. This task
was undertaken by an undergraduate design
student from Loughborough University’s
Industrial Design and Technology programme,
who was working for ITDG during a sandwich
year placement. The undergraduate student’s
experience and outlook offered a significantly
different perspective to the industrial
designers’, potentially enriching the poster
generation process.

In the initial survey students stated that they
would like a poster that they could directly
relate to and therefore one was created that

Table 1  Student poster ideas



outlined the sustainability issues associated
with jeans. The aim of this poster was to make
the students think about the products and
clothing that they buy and how these items are
manufactured. The example of a pair of jeans
was used as it was thought to be highly likely
that all students own at least one pair of jeans.
The comparison of the environmental
performance of two pairs of jeans was
represented by the use of ‘Green Jeans’ and
‘Mean Jeans’ with corresponding product
attribute lists. These relative lists were created
so the students could make comparisons on
how each pair of jeans were created and
transported to the shops and how each action
affected the jeans’ global impact.

The next poster was created with the intention
of making students consider how products are
designed and in turn how design decisions
affect environmental impact.  Students are
accustomed to seeing products such as mobile
phones being promoted that have been
designed with little, if any, environmental
considerations. In this respect they are familiar
with items that have been manufactured in a
certain way, by a certain process and from a
particular material. They will therefore accept
these options more readily rather than
contemplate more environmentally sound
alternatives (Badni & Coles 2003).

To improve their awareness of how product
design affects environmental impact the poster

raised questions in three key areas, the social
and cultural issues, the economic issues and
the related environmental issues in
manufacture and transport. Questions were
asked under each heading to promote thoughts
and discussions, including how the profits are
used and how the environmental impact could
be improved.

The third poster in this series again used a
yoghurt pot as a real life example of an item
that students could relate to.  In line with the
students’ wishes, simple language and
accompanying drawings were used to guide
the students through the manufacture and
delivery of the yoghurt and the pot. This ran in
a sequential pattern with the yoghurt’s
development on the left hand side of the poster
and the pot’s on the right. The aim of the
poster was to help students recognise that
every product (no matter how simple) has an
environmental impact.
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Fig. 5 Green jeans/mean jeans poster

Fig. 6 Good goods poster
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These three new posters and the original three
were then presented to 24 teachers to gain
their views on the usefulness of this approach,
the style and content of the posters and to
discover further details of what they considered
useful from a poster set. 

Survey of Teachers

This survey sought to elicit teachers’
experiences and perceptions of posters,
particularly when used as a teaching aid. It
was found that half of the teachers had used
posters at some level in their teaching and
the majority considered that posters could be
useful in supporting student’s work. It was
found that posters were used in different
ways depending on the aim of the particular
lesson. They could highlight and reinforce
specific points, but usually did not have
sufficient content to base an entire lesson
around.

Inspiration, reference and research respectively
were mentioned as areas where posters offered
help. Along with presenting sustainability
issues and tools, it was also suggested that
posters could aid students through providing
exemplars of design, layout or sketching
techniques.

The teachers were presented with a list of
possible poster content and asked to indicate
their preference (Figure 8). Analysis showed
that two different posters were required: one
showing a large image of a ‘real life’ example
of sustainable design, with minimal text; and
another with many smaller images explained in
more detail. 
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Fig. 7 Who will be top of the pots? poster

Fig. 8 Teacher preferences for poster content



Teachers were asked to comment on the
preferred lifespan of the posters. They thought
that lifespan was very dependent on the
content. It was recognised that some images
may date quickly, or feature products that may
become unfashionable. However posters
illustrating sustainable design tools would have
a much longer lifespan. The teachers felt that a
series of posters would be beneficial to allow
frequent replacement to enable them to fit in
with different projects and lesson foci. Overall
the posters were said to remain useful as long
as the content was still relevant to the taught
subject.  With the intention of making the
posters more memorable to the students a
‘play on words’ was considered for the poster
title. The respondents considered that, if done
well this could aid recall.

Final Poster Assessment  

A final survey presented the original six posters
along with five new designs to 24 teachers and
56 students spread across a number of schools,
who were about to participate in the
Sustainable Design Award scheme. The eleven
posters were also taken to the second
Sustainable Design Award study weekend held
at Loughborough University in September 2004
where a further survey was undertaken
involving 60 students. The five new posters
aimed to address some of the outstanding
issues from the previous two surveys, by
exploring different graphical ways of
presenting the preferred content and through
presenting different content in the suggested
preferred styles. Sustainability issues relating
to the design and technology AS & A2 syllabus
and the SDA scheme were introduced to
students and teachers by the researcher. The
posters and their role in supporting sustainable
design were presented. Semi-structured
discussions followed on the merits of the
poster designs. The students were free to
critically review the posters, and fill in a
questionnaire. The questionnaire allowed
further opportunity for comment. 

The content of the new posters illustrated the
three main points gathered from the initial
survey result of; inspiration, information and

provocation (See figures 9-13 below).  The
inspiration point was illustrated by choosing an
example of an existing product with
sustainability credentials and comparing that
with one where sustainability was not
considered in its design. Figure 9 illustrates a
product comparison poster which uses large
product images and illustrates the two products
in a sustainability context.  It aimed to inspire
the students by showing what could be
achieved through sustainable design.

Information was conveyed in a number of
ways, firstly as illustrated in Figure 10 a well-
known product (in this case a pair of jeans) is
presented and the poster describes the global
environmental impact of the manufacturing
processes involved. The poster shown in Figure
11 presents a guide to using some of the
ecodesign tools introduced to students as part
of the SDA, it also illustrates how to interpret
the results and implement changes in design. 
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Fig. 10 Global impact

Fig. 9 Product comparison



Finally, Figure 12 aimed to help students make
informed choices when selecting power
sources for electrical products.  It illustrates
two different radios and shows a comparison
of the amount of power supplied by batteries
and user generated power.  

Provocation was promoted throughout the
poster set by asking the question ‘what can be
achieved?’ either directly or by suggestion.
Figure 13 shows the final poster which presents
a graphical articulation of a quotation from
Edwin Datschefski (2001) which aims to
provoke the students into considering how they
can make a difference to sustainability through
their designing.

Overall 87% of teachers questioned said that
posters could offer them and students in
design and technology support. Seventy
percent of students surveyed suggested that
posters could offer a constant reminder of what
needed consideration and what could be
achieved in the course of a design project.
Students considered posters to be more
accessible than books and more readily
available than websites when designing.
However, it was generally agreed that the value
of these posters was heavily dependant on the
content and clarity of the presentation.  The
posters presented provided a range of
information and inspiration, however there was
an apparent need for posters and teaching
support materials covering all aspects of the
design and technology curriculum including an
exemplar product for each case.

The main area of interest lay in real life
examples of more sustainable products across
the five areas of the design and technology
curriculum being Textiles, Food, Systems and
Control, Resistant Materials, and Graphics.
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Fig. 11 Ecodesign tools

Fig. 12 Radios with different power sources

Fig. 13 Datschefski quotation regarding

sustainable products 
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Dramatic and inspirational product images
were considered necessary to attract the
students to the posters; however it was felt that
this should be supplemented with contextual
information, explaining the significance of the
image and how sustainability issues or
exemplar design process details can be applied
to coursework. This supplemental information
was required to increase the efficacy of the
posters and is provided as part of the
Sustainable Design Award Student Website. 

The students stated a desire for large colourful
images with small amounts of text. The
teachers had similar ideas but suggested two
directions for poster development which
reflected the previous teacher survey, a large
exemplar image with minimal text, and
secondly many small images with a more
detailed description. 

The students suggested that hand drawn
images ‘draw you in’ and generate interest in
the poster. Hand drawn images are something
that the students can relate directly to their
own design work.  A series of supporting
sketches for a finished sustainable product
design could be used to illustrate both
designing and sustainability issues. Exploded
views, showing product construction and
assembly/ disassembly, with materials and
components labelled with cutaway sectional
views were also requested by the students. 

Conclusions

From the students’ poster design ideas it was
apparent that even though the Global Footprint
poster was the least favoured it encapsulated
the majority of the sustainability concepts
remembered by the students. On the whole
students liked the toaster poster, containing
sketches with annotations, with a sequential
type layout. This may be due to the lack of
‘sketch’ style posters available to students, as
most professionally produced posters only use
sketching at their initial design stage. The
students may also have liked the sketching as it
gave them an example of how professionals
undertake design projects, which they could
then relate back to the Sustainable Design

Award and their design and technology
coursework. Hence the sketch presentation
style used in the toaster poster may be suitable
for applying to the Global Footprint poster
amongst others. 

Other comments have suggested that students
may prefer posters with an introduction,
showing: more drawings, with simple language
explaining each step or process and concluding
with a summary of the key issues raised. The
students have suggested that the poster should
be eye catching and lively, but at the same time
not too cluttered or complicated to follow.

The positive responses to the early iterations of
the posters showed that some elements
presented were required in the final versions.
However, the aim, how the poster fits into each
subject area and the overall context of design
and technology, should be made more
apparent. The level of detailed information
contained on a poster is limited due to the
available space, but the idea of using posters
was welcomed as long as posters are
supplemented with additional resources (as is
the case with the Sustainable Design Award).
The posters can then provide highlights or
snapshots of the bigger picture of sustainability
and sustainable design.

It is interesting to note that the results of this
research with young student designers reflects
previous work undertaken by Lofthouse (2001)
with professional designers which identified
the style and content requirements for
communication of sustainable design.
Lofthouse (2001) concluded that designers
required both information and inspiration,
presented in a simple, easily accessible format
to enable them to begin to engage in and
undertake sustainable design.

One question arising from the research
concerns the learning styles favoured by the
students. The authors hypothesise that the
preference for images and minimal text on the
posters could possibly be due to a prevalence
of visual learners undertaking design and
technology subjects, yet do not have sufficient
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evidence at this stage to fully support this
theory. Storer & McDonagh (2005) proposed
that designers and design students responded
more readily to visual stimuli than written.
Hence further research to establish learning
style preferences in a significant sample may
be worthwhile. The posters featuring methods
and tools for sustainable design tend to feature
more text to explain the process of applying
the tool. Consequently these types of posters
may not appeal to the more visually oriented
users and this could be the reason why these
were not favoured by students or teachers. 

Overall, it can be concluded that posters
provide a useful and innovative method of
communicating sustainable design, a relatively
new and complex subject, to students within
the design and technology context. However,
care should be taken to ensure the style applied
is one that appeals and also that additional
more detailed information is easily available. It
is hoped that the initial enthusiasm created by
the posters can be built upon and students can
then directly apply the learning on the subject
to their design work.  

These findings are now being used to produce
a final poster set which will be trialled, refined
and then published by ITDG in the coming year
and available for use in schools. 

Details about Sustainable Design Award

Any schools wishing to register their interest in
the Sustainable Design Award should contact
Ian Capewell, ITDG, Schumacher Centre for
Technology & Development, Bourton Hall,
Bourton on Dunsmore, Rugby, CV23 9QZ. 
T: 01926 63440, E: education@itdg.org.uk. 
For Further information see 
http://www.sda-uk.org.uk
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Abstract

Sustainable design websites have become a key
information gathering tool both in the classroom for
students and also within design consultancies. 

This paper aims to highlight key issues concerning
sustainable design decisions and their impact on design
outcomes. These are illustrated by exploring the
apparent focus areas of various kettle designs, which
demonstrates how weighting factors differently can have
a significant  impact on design outcomes. A method
was devised for creating spider diagrams based on the
’12 featues model of a sustainable society’. This has
been used to analyse the content of 25 leading
sustainable design websites. The paper then proceeds
to outline the key elements of effectiveness relating to
website design. The report suggests further research
that will be carried out to aid in the analysis of the
effectiveness of sustainable design websites in
influencing design decisions.

Key words

sustainable design, effectiveness, websites, sustainability,
decisions, usability

Introduction

The Brundtland report in 1987 highlighted the need for
the development of more sustainable ways of living
(Brundtland 1987). Sustainable development has now
also become a prominent part of design and
technology education with schemes such as Practical
Action’s Sustainable Design Award (Capewell and
Norman 2003) and the Sustainable Technology
Education Project (STEP) championing the movement. 

Legislation, a conscious push towards more
environmental, social and economic policies, and clever
design resolutions have begun to lead to a change in
the way we design and consume products. To this end,

a further sustainable development definition, based
around Brundtland, has been developed that
incorporates this idea of sustainable progression:

…ensuring a better quality of life for everyone, now
and in the future. It involves the bringing together of
social, environmental and economic issues into one
over-arching objective. (Daniel 2002: 2) 

There are varying views of the ideal framework for
considering sustainability. For the level of detail needed
in this study, the 12 features model (Johnson 2003)
will be used. This model was developed through an
Economic and Social Research Council (ESRC) funded
project at Keele University, which engaged 60
academics and practitioners. It has now been adopted
by Forum for the Future (e.g. for the Higher Education
Partnership (HEPS) project that was completed
recently). This model of a sustainable society is a useful
tool in providing a comprehensive basis for considering
the different areas of sustainability. It goes into more
detail than models that cover just the headings of
social, environmental and economic issues.

Figure 1 (overleaf) simply outlines the 12 features as
derived from Johnson (2003), and embraced by Bland
(2005) on the Forum for the Future website.

Developing a Framework for Analysing the Effectiveness of
Sustainable Design Websites in Influencing Design Decisions
Peter C. Simmons, Loughborough University, UK

Kevin Badni, Loughborough University, UK
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12 features model

1) In their extraction and use, substances taken from the earth do not exceed the environment's
capacity to disperse, absorb, recycle or otherwise neutralise their harmful effects (to humans 
and/or the environment).

2) In their manufacture and use, artificial substances do not exceed the environment's capacity to
disperse, absorb, recycle or otherwise neutralise their harmful effects (to humans and/or the
environment).

3) The capacity of the environment to provide ecological system integrity, biological diversity and
productivity is protected or enhanced.

4) At all ages, individuals enjoy a high standard of health.
5) Individuals are adept at relationships and social participation, and throughout life set and achieve

high personal standards of their development and learning.
6) There is access to varied and satisfying opportunities for work, personal creativity, and recreation.
7) There are trusted and accessible systems of governance and justice.
8) Communities and society at large share key positive values and a sense of purpose.
9) The structures and institutions of society promote stewardship of natural resources and development

of people.
10) Homes, communities and society at large provide safe, supportive living and working environments.
11) All infrastructure, technologies and processes make minimum use of natural resources and

maximum use of human innovation and skills.
12) Financial capital accurately represents the value of natural, human, social and manufactured capital.

Figure 1: The 12 features of sustainable society model (Johnson 2003)

The issues surrounding this area now essentially relate to
the amount of focus and weighting on each part of
sustainability: environmental, economic and social issues
(Lofthouse 2001). How much attention or priority should
be given over to aspects such as ergonomics or
aesthetics? There are also decisions within sustainability
to be made, for example, should social issues be given
higher priority than more environmental resolutions? 

Design decisions

Design decisions, and more specifically value
judgements, have a large impact on the outcome of
designs. Designers do not necessarily use eco-design as
a driver (Badni and Coles 2003). The kettles shown in
Figure 2 illustrate how different emphasis and weighting
on specific areas can have a huge influence on product
features and overall outcome. These design decisions
reflected value judgements made throughout designing. 
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The Siemens Porsche Kettle

• Style

• Power, as evident by the short heating time (up to 100°C
in just 2 minutes)

• Functionality 

• Target audience, it retails at up to four times other kettles
(yet both essentially achieve the same functionality)

Philippe Starck’s ‘Hot Bertaa’ kettle 

• Aesthetics (pushes the boundaries)

• Form

• Style

• Semantics, makes a statement (entices questions)

Kambrook Axis Aquarius kettle 

• Energy use, reduced by 25% (energy is used in heating
and reheating the water)

• Material selection, reduced by approximately 50%

• Weight

• Disassembly

Phillips filterline kettle

• Filter technology

• Material selection, introduction of polypropylene 

• Cost

• Target audience, wide-ranging appeal

• Legislation

Apparent decision focus in various kettle designs

Figure 2: Four kettle designs: the Siemens Porsche Kettle, Philippe Starck’s
‘Hot Bertaa’ kettle (Alessi) (Roberts 2006), the Kambrook Axis Aquarius kettle
(retravision.com 2005), and a Phillips filterline kettle
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It may be argued that sustainability issues need to be
incorporated into the requirement to sell and the need
for innovation. The question that designers need to
address is how much weighting they should place on a
certain issue over another. This also places a greater
importance on innovative sustainable design resolutions
through either products or services. 

Sustainable design websites 

The study initially looked at 25 leading sustainable
design websites as a cross-section of various
sustainability areas. These websites were wide-ranging
and offered different information on the vast topic of
sustainable design. The specific information and the
presentation of it may hold a key role in influencing
design resolutions.

An initial pilot study was carried out by 59
undergraduate students assessing the websites for
usability by completing a usability checklist (Gaffney
1998). An independent assessment was also carried out
by the author looking at content. As a result of these
initial studies the websites were cut in number to 19.
The reasons being a lack of content, that not all were
completely relevant to the study and several were
merely repeating similar information from other
websites. The 6 websites that have not been taken
forward are indicated in Figure 4 marked in grey italic. 

The websites have also been broken down into three
target audience categories, although these do overlap:
design targeted websites (with some aspects for
business and general use), primarily business targeted
websites, and design and education targeted websites. 

Figure 3: Sustainable design website examples: Biothinking, the Centre for Sustainable
Design, Inspire Recycle, and the Recycle Zone
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Primarily DESIGN targeted websites with some aspects for business and general use

Website name URL

Biothinker www.biothinking.com

Earth from Above http://home.fujifilm.com/efa/mm/

Barking Crickets http://eco.barkingcrickets.org

O2 Network www.o2.org

Conservation Economy www.conservationeconomy.net

Forum for the Future www.forumforthefuture.org.uk

Yann Arthus Bertrand www.yannarthusbertrand.com

Ecosustainable Hub www.o2.org

Primarily BUSINESS targeted websites

Website name URL

PRe www.pre.nl

RMIT Centre for Design www.cfd.rmit.edu.au

Inspire Recycle www.inspirerecycle.org

Rocky Mountain Institute www.rmi.org

Clean Production Action www.cleanproduction.org

SustainAbility www.sustainability.com

International Institute for www.iisd.org
Sustainable Development

IDSA www.idsa.org

Primarily DESIGN and EDUCATION targeted websites

Website name URL

Information/Inspiration www.informationinspiration.org.uk

Sustainable Design Award www.sda-uk.org

Demi www.demi.org.uk

Centre for Sustainable Design www.cfsd.org.uk

Centre for Alternative Technology www.cat.org.uk

Redefining Progress www.rprogress.org

Ecological Footprint www.myfootprint.org

Design for Environment http://dfe-sce.nrc-cnrc.gc.ca

RecycleZone www.recyclezone.org.uk

Figure 4: Table of reviewed websites
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The websites have been assessed by the author
comparing each point on the 12 features model to the
content covered on the websites. Each point was then
given a rating from 1-5. A rating of 1 would mean no

content was present on this area. At the other end of
the scale a rating of 5 would mean the content was
comprehensive on the area. Figure 5 shows the resulting
spider diagram for each website.

Primarily DESIGN targeted websites with some aspects for business and general use

Earth from AboveBiothinker

Figure 5: Sustainable design websites content webs based on the 12 features model (Johnson 2003)
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Primarily BUSINESS targeted websites

PRe RMIT Centre for Design

Conservation Economy Forum for the Future

Barking Crickets O2 Network
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Clean Production Action

International Institute for Sustainable Development

SustainAbility

Inspire Recycle Rocky Mountain Institute

Each of the 12 features has been placed on a spoke on
the web diagram, with the websites plotted on this
according to their 1-5 ratings (Figure 5). 1 is situated in
the middle of the web with 5 being the outer ring. 
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Demi

Centre for Alternative Technology Redefining Progress

Centre for Sustainable Design

Information/Inspiration Sustainable Design Award

Primarily DESIGN and EDUCATION targeted websites
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The spider diagrams are useful in displaying the content
of the site visually and they have proved a useful tool in
selecting the specific websites to look at. For example,
the Barking Crickets website is shown as having little
content on the majority of sustainability sections
compared to Conservation Economy which scores highly
on most of the 12 features.

What is effectiveness?

The focus of the research project will be to assess
how effective sustainable design websites have been
in conveying and communicating information, often to
an audience who struggle to place a high priority on
these issues. 

How can effectiveness be judged? Is it judged by a
designer gaining an understanding of the relevant issues
or an attempt by the designer to resolve these issues?
Or is it that a demonstration of effective sustainable
design practice is the criterion for success? The word
‘effectiveness’ can be extremely broad, for example a
website may be considered effective by simply getting a
user to access the site, or return to it. It may also be
judged on how much influence it has on the user. 

In this instance website effectiveness covers a range of
areas from content to usability. Initial research studies
into usability and effectiveness have proved useful in
establishing a firm understanding of the key areas.

These areas include:

• cognitive psychology (visual perception, information
processing, attention, memory, learning, models);

• human-computer interaction (physical,
psychological, experience, socio-cultural);

• usability (navigation, learnability, accessibility,
feedback, satisfaction, efficiency, memorability, errors,
throughput, flexibility, attitude);

• professional writing (comprehension of functions,
value of information and inspiration, wording,
community issues, users, influence, competency);

• linguistics (sections, choice, theme, headings,
chunking, structure, cohesion, lexical density);

• rhetoric (persuasive value (visual style, interaction
impact, written style, aesthetics, narrative, image use)
style, architecture, shell sites, content (purpose, use of
text, direct, consistency, contacts, FAQs,
communication statement, obvious links, clarity, initial
impression)). 

(Durham 1999, Nielsen 1993, Mayhew 1999, Preece
1993)

Figure 6: A brainstorm based on effectiveness as discussed by Durham
1999, Nielsen 1993, Mayhew 1999 and Preece 1993
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The brainstorm in Figure 6 shows the key areas of
effectiveness as loosely based on texts by Durham,
Nielsen, Mayhew and Preece. It illustrates the wide-
ranging areas that make up effectiveness in this context. 

These effectiveness ideas identified could all be
categorised under the actions of the user before, during
and after use. Most users fall into the category of surfer
or information retriever. Both will often access the same
websites and same information but will be looking for
different things.

Before reaching the website several possible paths may
lead you to the site. A revisit to a website may indicate
that the site has been successful. Although a revisit may
be viewed as a failure, as the user may not have been
successful using the website the first time.
Recommendations from colleagues or leaders in the field
may be considered as a success measure of
effectiveness, as it has proved useful enough for the
recommender. Advertising and its ability to lead you to a
website plays a key role, once again it comes down to
what is success? Website searches to reach the required
site may indicate a level of success in terms of popularity
but even that can be bought. The other possibility is that
the website was discovered by pure chance, this may
indicate the appropriateness of a domain name rather
than helping establish its effectiveness.

During use is a huge area of effectiveness, it covers
usability, rhetoric, professional writing, linguistics, cognitive
psychology and human-computer interaction all shown in
Figure 6. 

After use, there are several effectiveness measures such
as a change in patterns of design, lifestyle or
consumption. After use, considers a review of a
websites’ usability, its validity, credibility and weighting, all
of which could be judged upon user decisions that
follow. A reflection of success could also relate to
website sales and a users’ education. Boundaries remain
hazy as to the issue of understanding versus  actions,
e.g. design decisions in demonstrating the effectiveness
of a website, and, furthermore how they relate to it. 

The important area that this study addresses will be in
the area of effectiveness of websites in sustainable
design decisions. In this instance, effectiveness would
constitute a design decision being taken or affected on
the basis of  interaction with website and the resuilting
information or inspiration. 

An increased computer competency and accessibility of
the web has led to an influx of websites on this subject,
but how does the user know which website is giving
credible information and another not? This is an issue
which is difficult to address and most would advise
going with recognised leaders in the field as trusted
sources. But can this be measured? There are also often
contradictory messages depending on what you’re
wishing to achieve i.e. is it better sustainably to create a
kettle that can easily be disassembled and some parts
recycled, or one that lasts for a long time period and
doesn’t need constant attention? 

Conclusions

Now that issues of effectiveness have been raised
(Figure 6), the study aims to look further at the
effectiveness of these websites before, during and after
use. The study will be evidence-based with a hypotheses
emerging from the evidence (grounded theories).

Figure 7 shows proposed further studies to be carried
out, in order to gain a comprehensive review of the
effectiveness of the websites and their role in design
decision making.
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Further studies

Before

During

After

Research task

• Interviews with designers, students and
teachers, could be used in collaboration with
questionnaires. 

• Observational studies of design work.

Research task

• Observational studies during computer
interaction.

• Hypothesis testing and cluster analysis
statistical study, based on feedback forms…
paper-based and electronic.

Research task

• Logging use/tracking analysis using website
statistics.

• Questionnaires and feedback on the
websites after use.

• Analysing appropriate projects and folios of
design work.

Aims and objectives

• To establish how they know about a certain
website, the influence of advertising and
power of the search engine. 

• To also establish their knowledge of the
internet and experience in sustainable design,
and any influence that may have had. 

• To see how and at which points in designing
the internet as a tool has been used. 

• To analysis the content of the websites.

Aims and objectives

• To record in real-time how users interact
with websites, recording errors and
difficulties with the websites whilst
completing tasks and just surfing. 

• To gather statistical analysis of the feedback to
support discovered theories and help to
establish website comparisons.

Aims and objectives

• To gather information and data on website
access, highly used features, errors committed,
exit pages, and time spent on the website.

• To gain invaluable primary feedback on the
websites from users and where possible the
website author.

• To gather further feedback from progressing
the Sustainable Design Award website
throughout the study.

• To seek patterns of where website input has
proved useful throughout their design work,
and how it has been used.

Figure 7: further studies based on website effectiveness before, during and after use
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A review of the literature concerning website 
effectiveness: before, during and after use.  
 
Peter C. Simmons, Loughborough University  
Kevin Badni, Loughborough University  
 
Abstract  
There is a need for effective websites to help to integrate sustainable development 
principles into design and technology education. This paper describes current 
sustainable design initiatives in education which aim to achieve this integration of 
sustainability principles. Despite large investment into information communication tools 
such as websites, the impact that these websites have within education is rarely 
assessed. This paper outlines the key areas of the broad topic of ‘website effectiveness’ 
according to literature in this area. It also investigates the comprehension of website 
effectiveness within this context, and identifies three distinct phases of effectiveness: 
before use, during use and after use. The paper uncovers gaps in the research in two 
areas; primarily a need for further research concerning influence after a website has 
been used and requirements for ensuring a wide knowledge of the websites existence. 
The paper also discovers some conflicting ideas of importance between a websites’ 
usability and likeability.   
 
Keywords  
Sustainable design, effectiveness, websites, impact, decisions, usability  
   
 
Introduction  
The response by businesses and designers to sustainable development and more 
specifically sustainable design, has evolved over the past few years. Initially industry 
sought to reduce environmental impact through ‘end of pipe’ techniques in the 1980s. 
The emphasis later shifted to look at cleaner manufacturing processes that address 
issues of less waste and pollution. Currently the focus now resides in a ‘cradle to grave’ 
approach looking at environmental, social and economic aspects throughout a product’s 
lifecycle (Bhamra 2004). The design of products, and the education of designers, has 
therefore become integral to the movement’s success.   
Sustainable Development has become a prominent part of design and technology 
education. Schemes such as Design for the Environment Multimedia Implementation 
(DEMI) (Clare 2001) led by Goldsmiths College (University of London), Practical Action’s 
Sustainable Design Award (SDA) (Capewell and Norman 2003) and Sustainable 
Technology Education Project (STEP) have all been championing the movement.   
  
Bhamra (2004) identifies the current position of sustainability as combining technology, 
culture and nature, the success of which relies on the effectiveness, innovation and 
creativity of its implementation. Furthermore Bhamra (2004) identifies five significant 
features that aid the progression to sustainable design:  

initial and sustained motivation; communication / information flow; whole-life 
thinking; hands-on environmentally conscious design; positioning in the world. 
(Bhamra 2004: 564)     

  
Sustainable design websites relate to various aspects of the features identified by 
Bhamra (2004). In deign and technology education sustainable design websites are 
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often used as key communication tools for students to refer to, and it is their 
effectiveness that will be focused on. The internet could be seen as an appropriate tool 
for educating young people as they represent a significant part of the population of 
internet users (Wu 1999). According to FIND/SVP, 30% of people who use the internet 
are between the age of 18 and 29, and 42% of internet users hold degrees.  
  
Sustainable design websites and their success may be determined by analysing how 
effective they are at communicating the information, before use, during use and after 
use. In this context, the sustainable design education websites all aim to inform young 
designers of the issues and to help influence their design decisions by giving them 
access to information on more sustainable methods. Effectiveness, in this instance, 
could be deemed to be when a student uses one of these more sustainable methods, 
acting from the website information available.  Perhaps effectiveness could be defined 
as thinking about the issues in a different way after being inspired sustainability i.e. 
considering sustainability issues in their design work without necessarily employing the 
sustainable methods. Website effectiveness may be better assessed in the context of 
people changing their behaviour rather than taking an action. The websites may not 
have an immediate affect on the user but trigger the issues at a future point in their work 
or everyday lives, it is this influence that is difficult to pinpoint.  
  
The effectiveness of sustainable design websites in conveying and communicating 
information is therefore an important focus area. It takes a greater priority when you 
consider sustainable design as an evolving area that designers struggle to prioritise.  
Generally website assessments fail to consider all of the areas of website effectiveness 
and therefore it is very difficult to define. Most website assessments are focussed on 
usability or are assessed for aesthetical value but whether the websites are effective in 
communicating is left to chance. There is little prior art for which this research can be 
based. Any hypothesis must therefore derive from the research undertaken and defining 
website effectiveness is therefore imperative for the study to progress.   How can 
effectiveness be judged? Is it judged by a designer gaining an understanding of the 
relevant issues or an attempt by the designer to resolve these issues? Or is it that a 
demonstration of effective sustainable design practice is the criterion for success? The 
word ‘effectiveness’ can be extremely broad, for example a website may be considered 
effective by simply getting a user to access the site, or return to it. The understanding of 
effectiveness could also be judged on how much influence it has on the user.  The focus 
of this study concentrates on sustainable design education websites which are used by 
sustainable design initiatives as a tool to inform and inspire various aged students.    
 
Sustainable design initiatives  
 The Sustainable Design Award (SDA) is run by charitable organisation Practical 
Action. They aim to ‘help bring issues of sustainability into mainstream designing 
and making at AS and A2 level’ (Capewell 2004). Communication has proved a 
vital component in the development of the scheme to both teachers and students 
through different forms of media, from handbooks to teaching sessions and a 
dedicated website. From training days to key one to one inputs in schools, the 
SDA scheme aims to raise the profile of sustainability to the designers of the 
future. The website has become an integral part of that education.  The 
Sustainable Design Award website (www.sda-uk.org) averages around 13,700 
visits a week (MediaHouse 2006), the majority from academic servers. The SDA 
website has become a practical way of communicating sustainable design 
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information directly to students. This website, and others like it, could be seen as 
being a key information resource tool for design and technology education.  
DEMI has also been a notable scheme that is ‘responding to the need for 
sustainable development curriculum within and throughout undergraduate design 
programmes’ (Clare 2001). It has similar aims to the SDA but is run solely as a 
website resource aimed at older students, predominantly undergraduates. DEMI 
was developed by a consortium of several academic institutions including 
Goldsmiths College, Falmouth College of Arts, Surrey Institute of Art and Design, 
the University of Brighton and the Design Council. They aim to bring together 
sustainable development issues and debate, whilst providing key information for 
students.  Sustainable Technology Education Project (STEP) is a sustainable 
design scheme aimed at key stage 3 and 4 students. STEP is produced by 
Practical Action and is funded by the Department for International Development 
(DFID) and the European Commission. STEP ‘aims to increase young people's 
awareness of sustainable technology, enabling them to recognise the economic 
and environmental impacts of the technology they choose’ (Capewell 2003).   
  
Website effectiveness  
In order to establish a consensus of what is considered to be website effectiveness, an 
extensive literature review was carried out to draw together several ideas of 
effectiveness. In the past ‘practitioners and researchers have proposed different criteria 
for effective Website design based on common sense, intuition, and rules-of-thumb, 
effective Website design focusing on the quality of the information it provides has rarely 
been studied’ (Katerattanakul and Siau 1999).    
In this instance website effectiveness covers a range of areas from content to usability. 
Initial research studies into usability and effectiveness have proved useful in establishing 
a firm understanding of the key areas. Theoretical studies of the effectiveness of the 
internet is sparse for two main reasons; it is a relatively new research area and people 
are still finding their way, secondly the people at the forefront researching this area are 
unlikely to sit back and reflect on developments (Day 1997: 109).   The brainstorm in 
Figure 1 shows the key areas of effectiveness as loosely based on texts by Durham 
1999, Nielsen 1993, Mayhew 1999 and Preece 1993. It illustrates the wide-ranging 
areas that make up effectiveness in this context.    
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Figure 1: A brainstorm concerning the meaning of website effectiveness  

(Durham 1999, Nielsen 1993, Mayhew 1999 and Preece 1993) 

 
Table 1 highlights the phases of use and the specific authors in the literature review that 
address that particular area. The table used the brainstorm shown in Figure 1  as a basis 
for classification into specific phases of website use. The phases have been identified as 
before use, during use and after use. Under each of these phases the topics are split 
into distinct ‘effectiveness’ sub-headings. ‘Before use’ for example can be broken down 
into five; revisits to a website, recommendations to the website, advertising to attract you 
to the website, website searches and appropriateness of the domain name. Under each 
of the categories references have been cited to different authors.   The table helps to 
show the amount of literature on each subject under each of the subheadings, for 
example the table shows a lot of literature on the ‘during use’ phase, more specifically 
usability.  Table 1 is particularly useful in indicating areas of research and for illustrating 
gaps in the research. These gaps are highlighted with cross-hatching. The table shows 
that there is little literature into ‘before use’ areas; revisiting, advertising and the domain 
names of websites. It could be assumed that most research into website effectiveness 
focuses on when the user has actually reached the website rather than focusing on 
issues of marketing. It also shows that ‘after use’ there is little information on the 
influence or impact of these websites. This would further support the notion that website 
effectiveness is rarely assessed in terms of having some impact or outcome. It is this 
area that is integral to a websites success and could be used to justify money being 
spent on websites such as those like SDA, STEP and DEMI.   
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It is apparent that a greater knowledge of how the websites influence is needed to 
determine the success of websites and the worth of the investment put into them. A 
greater understanding of their existence is also an area that may need focusing on. With 
a topic such as sustainability, awareness of the issues and access to information is 
essential to progress the movement. Websites can often be relied upon to deliver that 
awareness and ultimately the influence. Given this scenario, these areas of low literature 
coverage, take greater importance in relation to a websites’ success.   
 

 BEFORE WEBSITE USE  
 Revisiting   Recommendations   

Advertising 
 

Searches  
 Domain 

name  
    Rathswohl 2002      Bauer 

and 
Scharl 
2000  

    

 DURING WEBSITE USE  
Cognitive 

psychology  
 HCI   Usability   

Linguistics 
 Rhetoric   

Likeability 
Mayhew 

1999 
Preece 

1993 Day 
1997  

Durham 
1999  

Spool 1999  

Mayhew 1999  
Preece 1993  

Katerattanakul 
and Siau 1999 
Durham 1999  

Wu 1999  

Preece 1993  
Nielsen 1993 

Dumas and Redish 
1993 Brajnik 2000 
Spiliopoulou 2000  

Durham 1999  
Spool 1999  

Olsina et al. 1999  
Bauer and Scharl 

2000  
Katerattanakul and 

Siau 1999  

Durham 
1999  

Bauer and 
Scharl 2000 

Durham 
1999  

Olsina et 
al. 1999  
Bauer 
and 

Scharl 
2000  

Day 1997 

AFTER WEBSITE USE 

 Patterns   Usability reviews   Web sales  
Influence  

 
Likeability 

Spiliopoulou 2000  Brajnik 2000 Rathswohl 
2002  

Spool 1999  
Olsina et al. 1999  

Bauer and Scharl 2000  

Spool 1999 
Schubert 
and Selz 

2001  

    Day 1997 

Table 1: Classification of literature found in relation to website use  
 
 Most users fall into the category of surfer or information retriever (Preece 1993). 
According to Preece (1993) ‘surfers’ simply browse websites not looking for anything 
specific just clicking on items of interest. ‘Information retrievers’ tend to look for specific 
information and are therefore it is difficult for websites to meet the needs of both user 
groups. As organisations have little controls over who visits their website, unless it is 
password protected, it could be assumed that both types of user have access to the 
information.   Websites can be seen as a communication tool and therefore their 
composition can be viewed in the same manner. Day (1997) argues that websites, like 
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other communication tool, possess an explicit purpose, coherent structure, and a 
relevant conclusion (relevant conclusion implying an achievement or outcome). Website 
effectiveness, placed in this context, would seem reliant on the judgements of the 
website user. According to Day (1997), websites are judged not on how they work, more 
on if they work.    
  
  A website works because the people it serves like it. (Day 1997: 109)    
  
The factors that make a website likeable may be considered as part of the effectiveness 
story. Likeability is part of both during use and after use phases. Can a website be 
effective without it being likeable? Does an effective website focus on each of the areas 
of effectiveness equally? When considering a websites’ entire design, Day (1997) 
argues it is more about doing the right things well.    
 

 In the context of learning about Websites, it is not sufficient to just read the 
literature about website design and effectiveness; in addition, students must 
actively form their own informed attitudes about website quality. (Rathswohl 2002 
:1312)  

  
Websites require a level of user interactivity. If you also consider their varying formats, 
for a fair assessment of a websites’ effectiveness, the website would need to be used. 
Conclusions can then be gathered from set assessment tools or a more subjective 
assessment of the websites’ effectiveness during use.   
 

 …when websites are meant to teach or provide information, the task of effective 
Web page design can be considered from an instructional design point of view, an 
aesthetic point of view, or a psychological point of view… (Katerattanakul and Siau 
1999)   

     
Katerattanakul and Siau (1999) identify three areas that educational websites can be 
classified; instructional, aesthetic and psychological. These judgements need to be 
considered when deciding what makes a website effective. Instructional would imply a 
website that informs the user of specific information. Aesthetical mean a website that 
has graphical appeal to the user. Psychological would look more to the ease of use and 
how things are displayed structurally to help the user find the information they require. It 
could be argued that websites become effective when they meet the goal of what the 
website is trying to achieve. Sustainable design schemes aim to inform, inspire and 
motivate, and so their corresponding websites they could be considered as effective if 
they achieve these aims.   
    
The phases of website effectiveness   
 After an extensive literature review was carried out, three clear phases of effectiveness 
were identified as before use, during use and after use. The review went further than just 
concentrating on criteria that ‘…typically relate to a website’s design and layout, content 
and navigation features’ (Rathswohl 2002). The review intended to expand these areas, 
to allow for a wider spectrum of criteria that relates to different phases of a websites’ 
use.   
  
Before use  
Before use, takes into account the time before reaching the website and the possible 
paths that may have led you to the website. This section outlines the main contributory 
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factors to reaching a website. To most website designers the approach to finding a 
website is not a major consideration, concentrating on when the users actually use the 
website rather than how they got there. After all, the majority of websites dealt with in 
this study belong to companies who have other departments for marketing and technical 
support. It was felt that the before use aspect of effectiveness should be reviewed with 
the main focus being on the other phases; during use and after use.  The areas of before 
use include:  

• revisiting a website;  
• recommendations from colleagues or leaders in the field;  
• advertising;  
• website searches;  
• chance, the appropriateness of a domain name.    

 
A revisit to a website may indicate that the site has been successful as you are returning 
to the site. Although a revisit may also be viewed as a failure, as the user may not have 
been successful using the website the first time.   Recommendations from colleagues or 
leaders in the field may be considered as a measurement of success, as one would 
presume the website had been of some value to the recommender.   Advertising and 
marketing of a particular website may also lead you to a website, but it could be argued 
that this is effectiveness of the advertising rather than the website itself. The same 
conclusion could be drawn from website searches. It could be argued that website 
searches show popularity but the position of a website on a list of search results can 
also be bought.   The other possibility is that the website was discovered by pure 
chance. This may indicate more the success of the appropriateness of a domain name 
rather than helping establish its effectiveness.  
  
It is important to recognise that on a basic level websites cannot be effective unless the 
user finds it. A website cannot be effective if it is not used. It may be argued that the 
‘before use’ measures are little to do with website effectiveness, only how strong the 
advertising is to attract the user to the website. In analysing what should be considered 
as website effectiveness, Rathswohl points to criteria that ‘typically relate to a website’s 
design and layout, content and navigation features’ (Rathswohl 2002). This would relate 
more to use of the website itself rather than the success of trying to reach it.  

During use  
During use is a huge area when assessing a websites’ effectiveness. The key areas 
identified under ‘during use’ are:  

• cognitive psychology (visual perception, information processing, attention, memory, 
learning, models);  

• human-computer interaction (physical, experience, psychological, socio-cultural 
and user interaction);  

• usability (navigation, accessibility, feedback, errors, learnability, memorability, 
satisfaction, throughput, flexibility and attitude);  

• linguistics (sections, chunking, structure, theme, headings);  
• rhetoric (persuasive value (interaction, style, aesthetics), architecture, shell sites, 

content (obvious links)).   
 
Cognitive psychology  
Cognitive psychology ‘is the study of human perception and cognition’ (Mayhew 1999: 
2), it relates to how a task is carried out and the capabilities of the user involved to 
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process/interpret the information needed to complete this task. Preece (1993) outlines 
two main ways of improving the design; providing knowledge about expectations of do’s 
and don’ts, and identifying potential problems.   Preece (1993) believes cognitive 
psychology is built up of various factors discussed in detail below: visual perception, 
information processing, attention, memory, learning and mental models.  

Visual perception  
People’s visual perception of objects gives a three dimensional appearance, with 
website design; text, graphics, animation and video can help this. Many design aspects 
relating to computer interface design relate directly to website design for example is it: 
legible, distinguishable, comprehensible, uncluttered and meaningful structure to assist 
the visual appearance of the website. Even the organisation and presentation of tables 
can influence people’s decisions as to the time spent on a specific page.   

Information processing  
Information processing means a response to look at a certain part of the screen, or 
performing an action as a direct result. Stages outlined by Preece relate to the encoding 
of the information, comparing this to other representations in the brain, deciding upon a 
response and then carrying out an action. ‘Our ability to remember things, therefore, is 
closely linked to the way in which they are initially encoded’ (Preece 1993: 26). This 
ability to remember things has become a theoretical foundation on which cognitive 
psychology is often based.  

Attracting attention  
Grabbing people’s attention is a vital, yet often overlooked quality of a website. Often we 
have so many other things around us, keeping the attention of the user is a difficult task. 
This is referred to as selective attention. How a website is going to attract this attention 
needs to be addressed, with the correct information given to the user at a specific time. 
Important information needs to be prominent, the structure is therefore crucial. The 
ability to allow users to multi-task but ultimately come back to the website flexibly 
(Preece 1993). Determining factors of this relate to the presentation of information, 
various visual and auditory cues, and partitioning of pages and their flow.    

Memory  
Memory is an integral part of all our actions in everyday life but the level of memory 
varies considerably. Some tasks on computer systems are more complex than others 
and take longer to learn. Preece believes determining factors such as names and icons 
that are meaningful and reflective can often improve this memory level. Improved menu 
structures with clever design names could be seen as an area where this is beginning to 
get exploited.   

Learning  
Learning to use a computer requires active involvement (Preece 1993: 29).  Preece also 
identifies five key aspects of learning:  

o learning through doing;  
o learning by active thinking – understanding the system;  
o learning through goal and plan knowledge – having an aim to the use;  
o learning through analogy – familiar concepts;  
o learning from errors – feedback from making mistakes.  
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Mental models  
Often mental models of ourselves interacting with products are formed and can provide 
a basis for predicting or explaining our interactions. This mental model tends to reflect 
previous experience, interactions and behaviour patterns. It is therefore important to 
create a design that enables the ‘user to develop a suitable mental model’ (Preece 1993: 
31).   
  
Human-computer interaction   
The way that users interact with their computers whilst using computer programs or 
websites can indicate factors that lead to improvements. Successfulness in conveying 
information or areas that are easy to use can indicate an effective human-computer 
interaction. There are many parallels between computer programs and websites in 
relation to their effectiveness. The aim is to produce a computer based output which 
safely, effectively, efficiently and enjoyably communicates a certain subject area. Well-
designed computer outputs with good usability (Preece 1993) can be seen to improve 
performance of a workforce, improve quality of life and make the world a safer more 
enjoyable place to live in, these three areas can also be applied to website design.   
  
A focus on efficiency of tasks allows for information to be accessed directly for an 
improvement of products exterior and interior. Efficient use of sustainable design 
websites will hopefully help to result in a better world for current and future generations 
through an improved knowledge of sustainable principles. Human-computer Interaction 
requires a knowledge of the user, a knowledge of the purpose, an understanding of 
when and where it will be used, and also what is actually technically feasible (Preece 
1993).   
  
Preece also goes on to outline four key factors relating to users which is particularly 
relevant to this study:  

o physical – height, weight, left/right handed, dexterity, visual acuity, health and 
fitness;  

o experience – knowledge of the task they want to do and computer use;  
o psychological – adventurous or timid state of mind, ability to learn, memory;  
o socio-cultural – background, upbringing, educational attainment, age, race, gender, 

ethnicity.   
 
 These four factors need to be addressed when assessing the users of the sustainable 
design websites. The credentials for each of these will be noted for each user allowing 
for a comparison. When assessing website effectiveness the human-computer 
interaction factors (physical, experience, psychological, socio-cultural) will help to 
determine the role of the user and if the users’ background influences the effectiveness 
of sustainable design websites.     

User interface  
The user interface to an interactive product such as software can be defined as 
the languages through which the user and the product communicate with one 
another. (Mayhew 1999: 1)  

 
 Wu (1999) concludes that this interaction can be classified in three forms: between user 
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and messages, between humans and machines, and between senders and receivers. 
Interaction can be seen as a key area of effectiveness, in terms of the three forms 
identified by Wu, it is the communication between the user and the website in general 
terms. Mayhew (1999) outlines several key factors that determine the outcome of user 
interface success:   

o cognitive, perceptual and constraints of people;  
o special and unique characteristics of the intended user population in particular;  
o unique characteristics of the users’ physical and social work environment;  
o unique characteristics and requirements of the users’ tasks, which are being 

supported by the product;  
o unique capabilities and constraints of the chosen software and/or hardware and 

platform for the product.  
  
 
Mayhew (1999) outlines the benefits of more usable interface designs to both users and 
the business:  

• increased profitability;  
• decreased user training time and cost;  
• decreased user errors;  
• increased accuracy of data input and data interpretation;  
• decreased need for ongoing technical support;  
• greater profits due to more competitive products/services;  
• decreased overall development and maintenance costs;  
• decreased customer support costs;  
• more follow-on business due to satisfied customers.  

  
 
Use of controls, colour, fonts, format, terminology, interaction pointers, and wording of 
messages online are all vital to successful interface design.  

 …too large a volume of information may make it difficult for consumers to 
access… (Katerattanakul and Siau 1999)     

Katerattanakul and Siau (1999) conclude that the volume of information is also an 
important factor when designing a website. Too much information can hinder a user 
trying to access the specific information they need as often the specific information 
becomes diluted or confused. The layout of that material can also determine how easy 
the information is to access. Information targeted at a certain audience can be more 
effective than large quantities of information.     
  
Usability  
Usability concerns how a product meets the needs of the user. According to Dumas 
(1993) the determining factors are; the time it takes to complete a task and how easy it 
was to complete it. Usability considers what task the user is trying to complete; 
researching, purchasing a product, downloading software, and also what the aim of the 
site is. Nielsen outlines 5 attributes of usability (Nielsen 1993: 26):  

• learnability: how easy it is for the user to learn;  
• efficiency: how productive will the user become;  
• memorability: how easy is it for the user to remember;  
• errors: how many errors does the user commit? Can they recover;  
• satisfaction: how pleasant is it for the user to use?  
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 Preece discusses three other aspects alongside learnability as being essential to 
usability testing, these are (Preece 1993):  

 throughput: tasks accomplished, speed of tasks and errors made;  
 flexibility: ability of the user to adapt to a new system;  
 attitude: positive attitude given to the users as they grow in confidence using the 

system.  
  
These usability issues outlined by Nielsen (1993) and Preece (1993) can be seen as the 
key features for assessing the effectiveness of a website. It is imperative however that 
usability remains a part of a bigger picture. This study does not wish to just address a 
websites’ usability, but rather its overall effectiveness. Several usability tests were 
carried out on the websites both automated and manual with an aim to assess usability, 
and also to reduce the number of websites in this study.    

…when designing websites or applications, ease-of-learning goals are often 
more important than ease-of-use goals (Mayhew 1999: 139)  

  
Mayhew points out that many users will not visit a website daily and that ease of 
navigation and updated content must be considered as ‘very important qualitative goals’ 
for websites. Mayhew goes further stating that quantitative issues surrounding system 
response time and its impact on user performance.  
  

After use  
Another phase of website effectiveness can be seen as ‘after use’, this concerns how a 
website affects a user after they have visited the website. The key areas identified under 
‘after use’ are:  

• change in patterns (design, lifestyle or consumerism)  
• usability reviewed (validity, credibility and weighting);  
• web sales and education value;  
• direct or indirect influence.   

 
In order for effectiveness of a website to be assessed, a key area has to be its influence. 
This could be seen in terms of a change in pattern of behaviour. More specifically a 
change concerning design decisions, lifestyle or consumption.   The phase ‘after use’ 
also comprises of a websites’ usability to assess its validity, credibility and weighting, all 
of which could be judged upon user decisions that follow. This may include a review of 
the statistics generated whilst the website was being accessed. A reflection of success 
could also relate to website sales and a users’ education. Is an action needed to 
demonstrate a success; is effectiveness more related to an understanding of the issues? 
If the website has conveyed information then that is one measure of success. This issue 
would hinge on whether that was the aim of the website. If money had been invested 
with an aim to change peoples’ perception then the investment may be deemed a failure. 
With an issue such as sustainability the issue of success becomes more significant if 
schemes are reliant on the website as a tool to motivate change. For the sustainable 
design schemes included in this study they aim to educate and re-educate people and 
the onus would then be on the user to act.     
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Likeability factors  
 Likeability is an important aspect of website effectiveness. Day’s (1997) assertions into 
website effectiveness are based on an idea that all effective websites are likeable and 
that non-effective websites are not. This would appear to be more dependant on the 
particular aim of each website individually. Surely websites can be effective in conveying 
information without a need necessarily to be liked by their user. If the aim was to create 
a website that was likeable, perhaps then it could be considered as an ‘effectiveness’ 
consideration.   
  
Attitude towards a website is important. Attitude is formed upon cognitive information, 
emotional information and aims to address behavioural intentions (Day 1997). It is 
important to highlight that the majority of users do not wish to understand the technology 
behind a website, but simply to know if the website works. When you consider likeability 
in this context it holds greater significance.   
 Day (1997) identifies the following contributory factors as key parts of what makes a 
website likeable:   

• quality: dynamic quality (refers to websites acting in response to an action) and 
static quality (quality is not interactivity dependant);  

• customer focus: specific to user;  
• purpose: creator/audience driven, not based on sales or hits;  
• content: responsive to expectations and behaviours;  
• structure: logical and customer-based;  
• housestyle: integrity (consistency) and clarity (layout, assists and comprehension);  
• action: communication of purpose and result.    
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Website effectiveness summary  

 
 In summary, the word effectiveness has a vast array of specific areas. From the 
literature three phases emerged in which effectiveness could be judged in this study. 
These concerned ‘before’, ‘during’ and ‘after’ use as shown in Figure 2. The figure 
shows the various aspects of website effectiveness research so far. The main part of this 
research will focus on tasks in the ‘during’ and ‘after’ use parts to see how websites can 
influence their designing. ‘Before’ use would only become prominent in selecting the 
websites to use, but most of the specific categories under this heading related more to 
its advertising and marketing strategy rather than how effective the actual website is.  
The websites selected hope to educate, and as a result, influence a decision taken in 
designing having used the website. The literature indicates a lack of material in tracing 
the influence of websites. This is surely a critical area of a websites’ success and also its 
effectiveness in teaching, informing, inspiring and learning. It is in this context that the 
websites will be assessed.  
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Effects of immediacy on the perception of 
interactive art 
Kevin S Badni  
 
 
Abstract 
This study examined how the observed immediacy of an interactive artwork affects the 
perception of the art, and how participants’ engagement impacts the personal perception 
of time. A new projected artwork was created by the author that could randomly assign 
participants different interactive latency times. The design of the installation from a 
conceptual and technical viewpoint is discussed with reference to the desired outcomes 
from a pragmatic and phenomenological standpoint. Beyond the hypothesis, other results 
that looked at the need for a high level of perceptive processing produced a number of 
behavioral patterns that maybe of additional interest to other media artists.  
 
Keywords 
Latency, Interactive art, Engagement, Time perception, Adjective pairing 
 
1. Introduction 
 
Aesthetic-based research by Fischer et al. Russo and Leclerc, Malach et al. and 
many other works reported in Jacob and Karn are all founded on similar 
grounds; namely that is widely believed that there is a correlation between 
spending time looking at an object and cognitive processes (Jacob R. & Karn 
K., 2003);(Fischer, Richards, Berman, & Krugman, 1989); (Russo & Leclerc, 
1994); (Malach, Hornik, Bakalash, & Hendler, 2005).  Therefore it would seem 
reasonable to conclude that the longer one spends giving attention to 
something, the more one should engage. This, in turn, should affect one’s 
impression of what is being viewed. Numerous studies in educational settings 
have examined the relationships among attention, depth of processing, recall, 
and understanding of art; however, very little research of this type has been 
conducted at art fairs or with interactive art. Some observational research has 
been undertaken by Smith & Smith (K. Smith and Lisa F. Smith, 2001) at the 
Metropolitan Museum of Art, which indicated that viewing time per painting 
typically does not exceed 30 s, with a median of 17 s. The question that arises 
from these studies is whether the same behavioral patterns can be attributed to 
interactive computer generated art pieces? 
 
In this paper’s study there were two hypotheses: a) the immediacy of an 
interactive art piece affects the perception of the art; and b) participants’ 
engagement impacts the personal perception of time.  The effects of viewing 
time and interactive latency were the independent variables in an experimental 
design. The dependent variable was a rating scale developed for this study that 
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was based on findings from research that examined perception of works of art 
comparing a gallery, some slides, and computer images (K. Smith and Lisa F. 
Smith, 2001;Locher, Smith, & Smith, 2001). 
 
2. Artwork design 
 
2.1 Aesthetic drivers 
 
Before developing the interactive artwork used in this study, research was 
undertaken into visual perception through the emerging field of cognitive 
neuroscience. Cognitive neuroscience combines neurobiology, artificial 
intelligence, cognitive science and medicine and has started to provide 
information about how the brain works in relation to visual perception and 
imagery. Due to an increased sophistication in computer modeling and brain 
scanning techniques there has been a greater synthesis within these fields. This 
relatively new area of research has been investigate by Stephen Kosslyn and 
Olivier Koenig (Kosslyn & Koenig, 1992) who have amalgamated a variety of 
information and concepts to demonstrate that the field of cognitive 
neuroscience is much more than the sum of its parts. 
 
As vision was fundamental to the interactive experience in this study, the 
cognitive capabilities that are used during the act of perceiving was an 
important area of focus. Cognitive neuroscience has shown that when an object 
is viewed it needs to be physically present, however, when the brain uses 
imagery so an object is ‘seen’, a physical object is not necessarily required and 
these seen images can be changed at will. 
 
Even though this ability to perceive the world around us is taken for granted, it 
is a common misconception that the image is simply inside the eyeball and that 
our vision system is simply a window onto the world. According to 
Ramachandran & Blakeslee, (1999) to begin to understand perception, it is 
necessary to get rid of the idea of 'images in the brain' and replace it with one 
of 'symbolic description of objects and events in the external world'. 
 
The brain has numerous processing areas to deal with imagery all of which have 
intricate networks. Any visual stimulus or event creates a unique pattern of 
activity in relation to that object or event. Perception therefor consists of much 
more then replicating an objective view of the world as our perceptions can 
change even when the image in our eyeball remains the same. So every act of 
perception involves making a judgment.  
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Kosslyn and Koenig, (1992), state that 'vision is not a single process'.  The 
ability to perceive an object requires much more than the obvious physical 
appearance. This ability appears to stem from a number of different brain 
activities all working together. 
Cognitive neuroscience tries to improve our understanding of these brain 
activities by defining 'component processes and specifying the way that they 
work together'.  Memory also plays an important role since visual images are 
built on visual memories. Although these visual memories can be instant and 
transitory, they can be used to form new imagery at a later point. In fact, visual 
imagery is important to cognition due to its ability to create and be creative 
(Kosslyn & Koenig, 1992). 
 
It is important to note that an act of judgment is central to both cognitive 
neuroscientific and aesthetic approaches to perception. When looking at the 
brain’s decisions there needs to be an assumption that there is a certain amount 
of innate knowledge as to how we perceive the world. Ramachandran and 
Blakeslee, (1999) argue that due to evolution and also early childhood learning 
'stable physical properties' are incorporated into the visual areas of the brain. 
This relates to the assumption that certain buried knowledge about what we see 
is drawn upon when we view an image.  They use the example of an image of a 
leopard, where when we see a group of dots moving towards us, it is perfectly 
reasonable for us to assume the dots belong to the same group and that is what 
is seen. Within this buried knowledge, one of the most prevalent is facial 
recognition. Zeman (2002) describes how the right non-dominant hemisphere 
of the brain takes a leading role in face perception. As communication and 
interaction between humans is largely dependent on the ability to identify the 
slight differences and perceived meanings in facial characteristics it is not 
surprising that such a large area of the human brain is devoted to facial 
recognition. As our vision system is predisposed to see faces in patterns, the 
aesthetic content of the artwork described in this paper was tuned to take 
advantage of this capability. Another perception quality is that humans perceive 
colour before form, which in turn is perceived before any motion. As described 
by Zeki & Nash, (1999) the period of time between the perception of colour 
and motion of an object is approximately 60-80 milliseconds. Using this 
knowledge the interaction form of the artwork was adjusted to be monochrome 
so that the perception and recognition of form was controlled without the 
distraction of color or motion. 
 
Ramachandran and Blakeslee also explains a further neurological perspective on 
perception and art, where he proposes a phenomenon called the 'peak shift 
effect'. This effect involves a system of reward that is linked with emotional 
pleasure. Ramachandran uses the example of a rat that is rewarded for 
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distinguishing between a rectangle and a square, where it will develop a 
preference for that rectangle over the square. However it will also illogically 
respond even more enthusiastically to a caricature of that shape than to the 
original rectangular form. The supposition is that the rat learns the rule of 
rectangularity rather than a particular example of that rule and the visual system 
is continually searching for 'the rule' (Ramachandran & Blakeslee, 1999,288). 
They suggest that during human and primate evolutionary development many 
of the visual areas that are specifically concerned with extracting correlations 
and rules, and attaching visual attributes (colour, motion, form, shading, and so 
on) along different dimensions such as 'form space' or 'motion space' have 
become directly linked to the emotional limbic structures that in turn produce 
pleasure sensations, and in doing so enhance survival of the species. Therefor, 
if a particular rule is exaggerated and excess detail is removed, the image will 
become even more pleasing. So when applied to art, the aesthetic pleasure of 
viewing a Van Gogh or a Monet may be due to a 'caricature' of 'colour space' 
thus a painting maybe far more evocative than a photograph since the 
‘photographs details may actually mask the underlying rule’.  Within this study 
the ‘peak shift effect’ was used to influence the final aesthetic of the artwork so 
that the projected forms during the initial stages of the interaction were 
produced in low definition, with only the final images becoming more in focus 
depending on the latency timings. 
 
Other cutting edge interactive art installations produced by performance 
collectives such as the Berlin based Palindrome who focus on choreography 
and interactive technologies, use a diverse range of media codes which require 
the viewer to attempt to find details and rules in order to make sense of the 
artwork that is presented.  However, due to the multilayered nature of much of 
Palindrome’s performance, a certain defamiliarization effect is produced. This 
continual attempt to recognize and make sense of the elements in the images 
creates a juxtaposition between a sense of joy when a rule is found and pain 
when the rule fails to materialize.  On reviewing Palidrome’s Shadow 
performances, Wechsler, Weiß, & Dowling, (2004) found that the shadows 
shift seamlessly between what is 'known' and what is 'surprising' making 'the 
piece fascinating to watch'.  This fascination with the perceptible variations also 
ensures the audience’s active participation in the production of the meaning of 
the artwork. Within the artwork described for this paper the use of collage and 
juxtaposition was also applied.  It is interesting to note that this juxtaposition 
between joy and pain was shown to engage and fascinate the audience when 
reviewing the questionnaires. 
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2.2. Interaction 
 
When experiencing traditional art, the painting or sculpture does not physically 
change in front of the viewer’s eyes. With digital art the possibilities of 
interaction with the piece is more. It can range from navigation to construction 
and participation, which is beyond the viewer’s normal mental event. With the 
artwork created this interaction was developed so the viewer participation 
involved creating a collage of images using contextualization through 
appropriation via the webcam.  Images of the viewers were captured via a 
discrete webcam and through digital manipulation the discrete modular 
elements of the scene were modified yet still kept the principle of continuity 
with the real world. This relationship between copy and original, and the use of 
collaging can be traced back to the Cubists, Dadais and Surrealists movements 
at the beginning of the twentieth century. A more recent example of this form 
of digital art was Troika Ranch's The Future of Memory (2003) where the artist 
used multilayers of imagery and sound in a collage fashion using the technology 
to act as a ‘metaphore for memory’ itself. 
 
For the projected artwork described in this paper the image on the screen that 
the viewers sit opposite begins as an abstract collaged form reflecting in a 
disparate way the participant’s surroundings. Only when the participant remains 
still long enough does the image slowly become tangible, revealing the viewer as 
though mirrored in the screen. The longer the participant remains still, the 
higher definition the image becomes and the rules described by Ramachandran 
& Blakeslee, (1999) are realized. The image is interactive, but unlike many 
digital art pieces the interactivity does not rely on physical movements to create 
immediate feedback, which from casual observations can lead to short 
engagements once the hidden rules, have been realized. Instead it was designed 
to require the participant to remain still to achieve any tangible feedback, if the 
participant moved the image began to break apart so by design was ephemeral 
in its nature. This was hoped to encourage the participants to use more 
cognitive processes in observing the artwork so in turn spend more time 
engaging with the artwork, compared to the previously observed times of 17 
seconds as observed Smith and Smith, (2001) when participants simply viewed 
static artwork. 
 
2.3.  Physical Installation design 
 
The artwork was designed for the Sikka international art fair, set in the Al 
Fahidi historic district of one of the fastest developing cities in the world, 
Dubai. The use of vernacular aesthetics using traditional materials such as wood 
and a camel leather screen were used alongside bespoke software and image 
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capturing equipment creating a design to form a juxtaposition reflecting the 
city’s two characters; that of the nostalgic affection for the past with the 
passion and need to be pioneering into the future.  
 
The installation consisted of a low Bedouin inspired bench being positioned 
opposite a wooden framed screen made from specially treated local camel 
leather, so imitating traditional wooden construction techniques found in the 
region (see Figure 1). The translucent camel leather based screen was specially 
made to be less than a millimeter thick to allow a back projected image to be 
used. Common cow leather would not be able to withstand any form of 
stretching at this thickness, but the skin of camel leather is unique among 
domestic animals with the cell makeup being much more dense which made it 
possible to develop a screen of only one millimeter allowing the desired level of 
transparency to be achieved. The installation requires the participant to sit still 
on the custom-made bench, which was designing intentionally to be very soft 
allowing users to sink into position so encouraging them to remain in place.  

	  

	  
Figure 1. Proposal sketch for the physical installation.  

 
2.4. Technical Process  
 
The measured interaction was achieved through the use of a high definition 
webcam hidden within the screen’s frame. The bespoke software took one 
hundred images over the preset latency period and used a number of imaging 
algorithms to adjust the image so that it formed a soft, yet high contrast image 
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that could be seen when projected trough the camel leather screen. The screen 
added a natural noise to the image, which added to the analogue soft aesthetic 
that was desired. The 100 images were then layered within the software using 
1% opacity for each image. As a new image was captured it was added to the 
layer, whilst the bottom image layer was deleted so constantly updating the 
projection. Using this layering technique, if the images captured by the camera 
had areas that were the same, these layers combined would produce areas that 
would become more prominent in the collaged image. If a person moved then 
the combined layering effect would reduce how strong their image would 
appear, thus removing their existence (see Figure 2). 
 

	  
Figure 2. Participants remaining still so their image appears on the camel leather screen.  

 
3. Survey Materials 
 
The materials used in the research consisted of a consent form, a demographic 
and experience survey, a rating scale and a debriefing form. 
 
3.1. Participants 
 
The participants were 173 random visitors who were visiting the Sikka Art Fair 
held in the historical Al-Fahidi district in Dubai and who agreed to answer the 
questionnaire. Ninety-six (55.4%) were female and seventy-seven (44.6%) were 
male, ranging in age from 18–75 (those under 18 were not asked to fill out the 
questionnaire) fifty-five (31.7%) were under age 25; forty-two (24.2%) were 
between the ages of 25 and 34; thirty-seven (21.3%) were between the ages of 
35 and 44; twenty-nine (16.7%) were between the ages of 45 and 54; ten 
participants (5.7%) were between the ages of 55 and 64. 
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In terms of self-reported ethnicity, thirty-three (19%) were Iranian, seventy-
eight (45%) form the MENA region, sixteen (9.2%), categorized as ‘Western’ 
and forty-seven (27.1%) were from Indian, Pakistan, Philippines, Bangladesh 
and Sri Lanka (see table 1). 
 

Nationality 

  

Kingdom of Saudi Arabia 8 

Kuwait 4 

United Arab Emirates 25 

Bahrain 4 

Oman 2 

Qatar 3 

Lebanon 8 

Palestine 12 

Jordan 2 

Egypt 4 

Turkey 2 

Afghanistan 2 

Algeria 2 

Iran 32 

United States of America 2 

United Kingdom 4 

France 6 

Germany 2 

Canada 2 

India 26 

Pakistan 4 

Bangladesh 3 
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Sri Lanka 8 

Philippines 6 

Grand Total 173 

Table 1. Demographic Survey Results. 
 
Their experience of interacting with art and art museums was limited. Over 
one-third, sixty-six (38.1%) had never been to an actual art museum. 
Approximately half ninety (52%) reported that they went to an art museum 
once a year and an additional seven participants (4%) visit an art museum two 
or three times each year. The remaining ten participants (5.7%) reported that 
they are frequent visitors to art museums.  
 
Participants’ self-rating for knowledge of interactive art on a scale of 1 (no 
knowledge) to 10 (expert) ranged from 1 to 8. The mean rating was 2.47. 
 
3.2. Procedure 
 
To develop the rating scale used in the experience survey adjective pairs were 
created and examined to determine which might apply to viewing interactive 
art. In addition, adjective pairs from a rating scale used by Locher et al., (2001) 
were examined. A list of 48 adjective pairs from these sources was generated 
and presented to 16 students from the American University of Sharjah who had 
taken a mandatory art history course and were studying for a Bachelors in 
Multimedia Design degree so were familiar with interactive art pieces. Using a 
scale of 1 (not at all) to 10 (extremely), the multimedia students were asked to 
rate each adjective pair on how much they felt the adjectives pertained to 
looking at interactive art pieces. Based on their ratings, a final list of 15 
adjective pairs was selected for this study (see Figure 3). 
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Please think about the work of art that you just experienced and place an X in 
one of the ten boxes between each pair of words closest to the word that 
shows how you feel about that work of art. There are no correct answers. 
What is sought is your first impression. Be sure to mark only one X for each 
line and do not skip any lines please. 
 

Interesting ☐☐☐☐☐☐☐☐☐☐ Uninteresting 
Appealing ☐☐☐☐☐☐☐☐☐☐ Unappealing 
Unpleasant ☐☐☐☐☐☐☐☐☐☐ Pleasant 
Inspiring ☐☐☐☐☐☐☐☐☐☐ Uninspiring 
Dynamic ☐☐☐☐☐☐☐☐☐☐ Calm 
Busy ☐☐☐☐☐☐☐☐☐☐ Tranquil 
Forceful ☐☐☐☐☐☐☐☐☐☐ Timid 
Simple ☐☐☐☐☐☐☐☐☐☐ Complex 
Usual ☐☐☐☐☐☐☐☐☐☐ Surprising 
Dull ☐☐☐☐☐☐☐☐☐☐ Vibrant 
Weak ☐☐☐☐☐☐☐☐☐☐ Powerful 
Intense ☐☐☐☐☐☐☐☐☐☐ Relaxed 
Intimate ☐☐☐☐☐☐☐☐☐☐ Remote 
Similar ☐☐☐☐☐☐☐☐☐☐ Contrasting 
Realistic ☐☐☐☐☐☐☐☐☐☐ Symbolic 

 
 
How long did you spend observing the artwork?  
 
________________________________ 
 
Any other comments? 
 
____________________________________________________________ 
 
____________________________________________________________ 
 
____________________________________________________________ 
 
____________________________________________________________ 
 
____________________________________________________________ 
 
____________________________________________________________ 
 

	  
Figure 3. Post Experience Survey 
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For the data collection, the software was designed to randomly assign visitors 
different latency times in 0-s, 1-s, 5-s, 17-s, 30-s or 100-s delayed conditions. 
Each visitor was assigned a single latency time. Upon signing the consent form, 
the participant was presented with the installation running at the randomly 
assigned latency rate. When the participant was happy with the image on the 
screen they could press the remote camera operator and a captured image was 
printed for them as an aide memoire.  This also produced a time stamp, which 
was used to study the correlation between latency effect and cognitive decisions 
by the visitors (see Table 2). After the print had been produced the visitors 
were asked to complete the questionnaire.  
 
4. Results 
 
Based on the adjective pairs, four attitudinal measurement sub-clusters were 
created. These sub-clusters were made up of the following adjective pairs:  
 
The arousal subscale consisted of the following four adjective pairs: 
Pleasant / Unpleasant 
Interesting/Uninteresting 
Appealing/Unappealing 
Inspiring/Uninspiring.  
 
The motion subscale consisted of the following three adjective pairs: 
Dynamic/Calm 
Busy/Tranquil 
Forceful/Timid.  
Intimate / Remote 
 
The arrangement subscale was made up of the following four adjective pairs: 
Simple/Complex 
Usual/Surprising 
Dull/Vibrant 
Weak/Powerful. 
 
The recognition subscale was made up of the following three adjective pairs:   
Intense / Relaxed 
Similar / Contrasting 
Realistic / Symbolic 
 
There were 173 participants; 28 (16.18%) viewed the interactive art at the 
original 100s setting. There were 27 (15.61%) participants in the 0-s condition 
giving immediate feedback, 31 (17.9%) participants in the 1-s condition, 27 
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(15.61%) participants in the 5-s condition, 28 (16.18%) in the 17-s condition, 
and 32 (18.5%) in the 30-s condition. The rating scales were grouped and 
analyzed by latency time.  
 
Data analysis based on the composite attitudinal scores are shown in Table 3. 
 

  Latency 

  0s 1a 5s 17s 30s 100s 
Average time spent 
observing (seconds) 
before pressing remote 
camera operator. 12.6 15.4 16.58 23.6 60.2 215.6 

Table 2. Latency Timestamps 

	  
Latency Sub-cluster Mean SD 

    0s appraisal 25.69 6.22 

 
motion 21.33 6.98 

 
arrangement 20.55 5.96 

 
recognition 24.69 7.01 

    1s appraisal 26.33 7.26 

 
motion 28.88 8.78 

 
arrangement 25.32 6.35 

 
recognition 27.35 7.65 

    5s appraisal 27.86 7.02 

 
motion 23.22 8.56 

 
arrangement 24.21 9.65 

 
recognition 28.56 6.58 

    17s appraisal 30.25 7.36 

 
motion 24.32 8.25 

 
arrangement 25.84 8.66 

 
recognition 31.69 9.89 
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30s appraisal 35.68 6.89 

 
motion 28.64 7.79 

 
arrangement 29.33 6.5 

 
recognition 38.32 8.98 

    100s appraisal 35.24 5.62 

 
motion 26.35 8.2 

 
arrangement 27.69 5.36 

 
recognition 34.65 5.66 

        

Table 3. Composite Attitudinal Scores 
 
 

 
Table 3b. Composite Attitudinal Scores 

 
5. Discussion 
 
This study set out to examine how the immediacy of an interactive art piece 
affects the perception of the art, and how participants’ engagement impacts the 
personal perception of time. It was found there was a strong relationship 
between longer latency and the positive perception by participants. Previous 
findings have demonstrated that museum visitors do not spend a lot of time at 
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any one artwork or in any particular gallery (e.g., Smith, Bousquet, Chang, & 
Smith, 2006; Miles, R., & Rout, 1993; Serrell, 1996; K. Smith and Lisa F. Smith, 
2001). It was hoped that this study would confirm the hypothosis that the 
perception of interactive art would be affected by the length of time spent 
looking at it. The 30s and 100s time conditions may have provided the most 
interesting results. Feedback from participants experiencing those conditions 
were generally more impressed with the experience than the more immediate 
feedback experienced during the shorter latency times. This maybe due to the 
investment the participants made with the piece, as can be seen from the 
perceived time spent with the piece the 30 and 100s second latencies gave the 
largest difference between perceived time and actual time spent which was 
more than double the latency time. Ramachandran and Blakeslee described a 
neurological perspective on perception and art, where he proposed a 
phenomenon called the 'peak shift effect', where the confirming a viewer’s 
primate rule is rewarded with an emotion of joy which may also have had an 
effect of the image becoming into focus so producing a positive emotion when 
the form was recognized as a mirrored image of the viewer. 
 
This response from the viewers may also tie into the inverted U-Shape 
Hypothesis as described by Gardner & Berlyne, (1974) who suggested that 
viewer’s aesthetic responses in relation to the complexity of an art work will 
exhibit an inverted-shape distribution. This means that viewers will show the 
greatest positive emotional response when they avoid extremes, so avoiding 
artwork with too low or too high levels of complexity. Research by Silvia, 
(2005) also suggests that the complexity of artwork could also be associated 
with the ability of the viewer to understand the artwork. So viewers prefer 
artwork that is not too easy or too difficult to comprehend. This is reflected in 
the results form the shorter latency times which gave a more immediate final 
image to the observer compared to the longer latency times which required 
higher cognitive load from the viewers. Leder, Gerger, Dressler, & Schabmann, 
(2012) studied the psychology of aesthetics and how art is appreciated, they 
state that arousal was highest for abstract works. This may help explain why the 
longer latencies received the more positive arousal scores as the image was 
more abstract for longer periods than the shorter latencies. 
 
There has also been research undertaken by Chamorro-Premuzic, Burke, Hsu, 
& Swami, (2010) who found that demographic differences and personality 
differences may lead to different art preferences. One of their studies tested 
preferences of various art pieces, taking into account people’s personal 
preferences. The study found that art preferences were different depending on 
the gender. Female viewers were generally found to prefer happy, colourful, 
and simple paintings whereas male viewers generally preferred geometric, sad, 
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and complex paintings. It was also found that age effects the preferences 
towards complex artwork which increases as age increases. From the research 
undertaken in this paper there was no discernible difference in genders with 
their reaction to the work, but there was a perceptible preference with age from 
examining the feedback, whether this was for the complexity of the image was 
difficult to ascertain, but the older participants, those in their 40s + seemed to 
appreciate the art form more. Interestingly they were also less likely to check 
their mobiles directly after experiencing the installation. 
 
 5.1 Immersion 
 
The installation was designed to immerse the participants, using particularly 
soft seating that allowed the participants to ‘sink’ into position, along with 
subdued and directed lighting. Immersion occurs when perceptual and 
cognitive systems are challenged at near capacity, without being exceeded. 
Under these conditions, the person loses a sense of “real” world. 
(Csikszentmihalyi, 1990). To attain this immersive condition the challenge set 
was just to simply remain still.  From an isolated point of view, this should be 
an easily achievable goal. However, the images were modified using a number 
of algorithms to subtract elements until only those necessary to convey the 
form remained. As described by Jr & Swets, (1954), by adding noise the images 
were degraded further removing the amount of useful information by altering 
its form. As the image updated and constantly deleted the previous status there 
was a constant need to reinterpreted the image. The reasoning behind this 
process was based on the law of Prägnanz where the tendency to recall images 
as simply as possible uses cognitive resources to translate or encode the image. 
(Epstein & Hatfield, 1994).  This cognitive load along with the unexpected 
interaction required a high level of perceptive processing to concentrate the 
mind so that every participant surveyed came away thinking they had been still 
for much longer than was the reality. An interesting side effect of being still was 
that almost all participants, even if they were in a large excited group, actually 
stopped talking. The image was intentionally blurred so the definition of the 
lips could not be seen as a reason to stop moving their mouths but the 
cognitive effort of having to remain still and interprate the image rendered 
them silent.  
 
Unlike traditional photography, the screen image was constantly updating (at a 
graceful pace) so there was no permanence. This was the original idea for the 
installation to allow participants to stop, concentrate and disengage themselves 
from their usual busy lives, trying to connect with the participant at a personal 
level. It was also hoped that due to the interaction being delivered at a 
measured pace compared to the more common expectation of immediate 
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feedback with other interactive pieces it would make the experience more 
memorable, where a difference in experience increased the likelihood of 
remembering compared to the common. (Jensen, 1962) 
 
Participants were not provided with a meaning of the concept, except for the 
hint within the title of the installation “Still”. Instead they were required to 
construct the meaning of the work through a process of physical awareness to 
understand the relationship between their actions and the image created. Some 
participants would often sit for only a few seconds press the ‘record’ button, 
and walk off. This showed there was a contrasting expectation model. As 
described by Norman (2005) this behavioral model is based on established 
mental models of how an interactive piece should function. The issue of 
highlighting in a normal interactive installation is designed to give immediate 
feedback. In this installation due to the slow update rate the recognition of a 
change of state is much more subtle so there is no implicit association.  The 
installation design was not contrived to leverage a familiar model as these 
immediate feedback models were not appropriate to this installation.  If 
participants managed to sit for long enough so that the abstract image became 
tangible allowing for a more visceral sense of presence there were numerous 
exclamations of delight as they simultaneously began to understand the 
conceptual motivation behind the work and their participatory relationship. 
The irony of these reactions is that they frequently changed position to exclaim 
to their friends what was happening so diluting the stationary effect they had 
achieved.  
 
Most participants who experienced the delayed latency (17s or higher) on 
realizing the effect tried the installation more than once, often striking poses to 
add an imaginative element and more personal representation to the piece (see 
Figure 4). Interestingly those who were exposed to the shorter latency times 
with more immediate feedback did not. 
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Figure 4. View from the installation’s camera with participants striking a pose 

 
5.1. Social Media And The Interactive Artwork  
 
After observing and interviewing many participants it became evident that 
some form of permanence beyond memory and the printout was desired. A 
number of participants asked for the images to be loaded directly up to 
Facebook, or Instagram (see Figure 5) Other participants asked for pictures to 
be taken of them taking part or they even tried to take selfies whilst trying to 
stay still. The need to engage with their social networks sometimes appeared 
stronger than the desire to sit still and enjoy the installation. On questioning 
participants on this matter a number of reasons arose. The main driver was the 
need to share and to show others what they were experiencing and also wanting 
something to remember the experience. As an aide memoire a photographic 
print similar to an early Daguerreotype print would have been ideal as the 
aesthetic appearance and the creation of the artwork mimicked the famous 
early Daguerreotype prints, such as the Boulevard du Temple of 1838. Even 
though Daguerre was photographing this very busy street in Paris, due to the 
long exposure time no horses or carriages are recorded due to their movement. 
(Meggs & Purvis, 2016). Only one solitary figure can be clearly seen, captured 
on the plate due to him standing still having his shoe shined. However, unlike 
the Daguerreotypes the image in the author’s art piece was not permanently 
captured, but was only transient in its nature.  
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Figure 5. Instagram post 

 
5.2. Study limitations  
 
There were several limitations to this study. The participants were generally 
inexperienced in terms of viewing interactive art. Over one-third had never 
been to an art museum. The mean self-rating for knowledge of interactive art 
was only 2.7 on a 10-point scale. However, even though they had very little 
experience of interactive art their understanding of how their participation in 
the artwork affected the projected image on the screen came to most of them 
without the need for an explanation. However, with the longer latencies, 
especially the 100 seconds, a small number of participants had to be guided as 
to the intention of the piece.  The interactive artwork was designed with the 
intention to create an extended engagement with the participants. If it had been 
designed with a more rewarding immediate response then it would have been 
likely that the need for an explanation would not have been required. Also if a 
more rewarding immediate response was designed then the results for the 
attitudinal scores and time stamps may have also been different. 
 
As there appears to be more interactive art appearing in art fairs and within 
museums there is an increasing need to investigate theoretical aesthetics and 
how the audience reacts and perceives these art works. It is becoming crucial 
not only from an aesthetic viewpoint but also culturally and politically that our 
understanding of digital artworks and its implications and uses need to 
improve. With this in mind a follow-up to this study is planned with a new 
artwork which produces more immediate and rewarding feedback to the 
participant with the intention of adding to the this body of knowledge. 
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Abstract Due to increases in personal computer power
and available bandwidths, 3D worlds are becoming
increasingly accessible over the Internet, allowing view-
ers to freely explore virtual constructed worlds. How-
ever, even with advances in computing power and
bandwidths, creating realistic 3D worlds which are fast
downloading and are pleasurable to navigate around
requires a number of design techniques to be employed.
The aim of this paper is to describe the design techniques
used in a redesign of a web-based virtual reality recon-
struction of an historical site describing how different
techniques can be used to optimise download times yet
retain historical realism. The techniques and processes
can be used as a guide by any designer to help create
lightweight realistic virtual models.

Keywords VRML Æ Design methodologies Æ
Visualisation techniques Æ On-line constraints

1 Introduction

Through the medium of television and film, photo-
realistic reconstructions of historical scenes produced
using computer imagery is common practice. To create
these scenes an intensive number of computer-generated
images need to be rendered requiring large time-con-
suming calculations to be undertaken. The resulting
productions are a one-way medium being ‘passive’ as the
viewer cannot interact with them. Virtual reality (VR)
on the other hand is an interactive medium, described by
Hendersen (1991) as allowing users to partake in realities
different from their own, with the main purpose being to

provide new experiences that can enrich their normal
lives.

As VR is an interactive medium it must by its nature
occur in ‘real-time’. Real-time as the words describe, is
the ability to render a scene immediately rather than
allowing the computer to render the scene off-line. The
rendering technique of ray tracing used in films and for
photo-realistic rendering is known for its ability to
create high-quality images, however, it is also known for
its long rendering times due to high-computational
costs. These costs are directly related to the requirement
of the computer to calculate the traversing light rays
across the scene, intersecting with each geometric object
and applying the correct shading to the visible objects.
Due to this high-computational cost ray tracing is per-
ceived almost exclusively as an off-line technique
(Waltery et al. 1999). VR models do not have the luxury
of using off-line rendering, due to the interactive
requirements a computer would need to be able to cal-
culate a vast amount of data in real time to create truly
realistic representations.

Graphics pioneer Alvy Ray Smith once said that
‘reality’ was ‘‘80 million polygons per second’’, meaning
that the computer would have to be able to display that
many polygons on the screen in real time to achieve fully
realistic images (Bolter and Gromala 2003). To put this
into perspective a typical high-end PC can render
7 million polygons/s whilst the Playstation 2 which is a
dedicated polygon rendering computer can render up to
20 million polygons/s. This comparison can be seen in
Table 1.

Traditionally, VR has been based upon a structure of
using high-end computers capable of manipulating large
numbers of polygons in real time such as the SGI Onyx 2.
The performance of a 3D rendering engine running on a
computer can be measuring by the number of images it
can generate on-screen per second (frames per sec-
ond—FPS). The higher the FPS the smoother the per-
ception of on screen motion. When a model is being
created adding complexity increases the levels of realism,
however, increasing the complexity has a negative affect
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on the ability of the computer to render frames in real-
time. The quandary faced by VR designers is whether to
add more complexity resulting in better realism or to aim
for a high FPS rate. Yuan (1999) leans towards FPS
stating that responses to real-time actions and the per-
ception of natural movement are as important if not more
important than realistic imagery to the users. However,
aiming at a purely high FPS rate could result in a scene
with a rather simple or naı̈ve appearance (see Fig. 1). The
VRdesignermust therefore try to reach a balance creating
realism whilst maintaining an acceptable FPS rate.

This paper looks at a number of different design
techniques which can be used to address the problem of
how to reduce the polygon count in a VR world yet still
retain a high level of realism with a good FPS rate. The
practical use of these techniques is demonstrated in a
publicly accessible VR world which can act as a guide
for anyone wishing to create a realistic lightweight web-
based VR models.

2 Web-based VR

Exposure to VR environments used to be restricted to
expensive industrial projects or academic computer
laboratories due to the initial high-capital outlay and
continuing maintenance costs. Fortunately, in May 1994
at the first International World Wide Web Conference in
Geneva, Switzerland the VRML mark-up language was
introduced by two researchers, Tony Parisi and Mark
Pesce. They presented a session on virtual reality, and
described their efforts in developing a virtual reality
interface for the Web. With the creation of this language
a number of dedicated web browsers have been pro-
duced which are used to display and control virtual
worlds using the VRML mark-up language over the
Internet. These browsers are cross platform compatible
and interpret the VRML ASCII files (using the file suffix.
wrl) displaying a VR model within the browser. These
models comprise a number of objects creating a ‘world’
or can simply be single objects. Davis (1996) compares
the functions of a VRML browser to those of a standard
HTML browser. The standard web browser interprets
HTML code allowing the user to see arranged text and
images. VRML browsers work in the same fashion
interpreting the .wrl files allowing the user to view ar-
ranged 3D models instead.

Unlike C++, VRML is not a general purpose
programming language, neither is it a script-based lan-
guage like JavaScript or a page specification language
like HTML. VRML is a scene description language
based on a subset of Open Inventor from Silicon
Graphics that describes the geometry and the internal
behaviour of a 3D scene. This definition of a set of

Table 1 Performance comparison between Onyx2, PC and Play-
Station 2

SGI Onyx 2
with infinite
reality graphics
(industrial VR engine)

High-end PC
with asus 6,800
graphics card

PlayStation 2

CPU 250 MHz+ 1 GHz 300 MHz
RAM up to 16 gigabytes Gigabyte + 32 MB
Max
Polygon
Rate

10 million per pipeline/s 7 million/s 20 million/s

Fig. 1 HiRes model at 33254 polygons compared to LowRes
model at 620 polygons
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objects is known as nodes, which are arranged in hier-
archies called scene graphs. These scene graphs have a
top–down arrangement in which nodes that are written
earlier in a scene affect later ones. These nodes can be
divided by the use of separator nodes. These can be
used for example to colour one part of the scene, but
prevent the following nodes from being coloured. The
techniques described in this paper will manipulate a
large variety of these nodes (Fig. 2).

2.1 Performance issues

The case study used in this paper required an increase in
the number of features compared to the existing VRML
world. Even with high-speed computers VRML designers
must use a number ofmethods tomaintain the high-frame
rate required in a VRML application. To compound the
restrictions faced by VRML designers, web-basedmodels
are displayed not on arrays of high-end workstations but
on personal home computers, which cannot be guaran-
teed to have fast processors and specialised graphics
cards. The VRML model files must therefore contain the
minimum number of polygons as possible so keeping the
file size as small as possible. The smaller the file the faster
the computer can render polygons and hence the higher
the FPS rate. Hartman andWernecke (1996) recommend
that the designer should aim at achieving a minimum
frame rate of 10 FPS, which is the frame rate required to
simulate visual continuity of moving through the real
world.

FPS is affected by the processor speed, graphics card
and memory available on the clients PC. As this is

unknown, the VRML designer cannot presume that they
have the latest graphics card or 1 GB of RAM, and must
therefore design the 3D scene to be as computationally
light as possible yet still maintain a high level of model
realism.

3 Comparative models

Within this paper two VRML models are used to com-
pare design approaches, aesthetics and performance
results. The two comparative models were both created
for the BBC History Web Site. The BBC History web
site has a multimedia section that presents the viewer
with a number of interactive VRML models (Fig. 3).
The model referred to in this paper can be viewed at this
site (BBC History Web Site 2005).

The two computer models created were both of a
section of a World War One Trench. The first model was
produced in 1999 as one of a number virtual recon-
structions produced for the BBCs History website by
PERA based in Melton Mowbray, United Kingdom.
The second revamped model was created by the author
in 2001 to accompany the BBC2 programme ‘The
Trench’ which recreated the experience of the 10th
Battalion of the East Yorkshire Regiment in the
Autumn of 1916 on the Western Front. When the
Trench programme was being considered by the BBC
they revisited the original VRML Trench model. Even
though it showed the Trench’s tactical layout and con-
struction and allowed the viewer to explore the Trench
paths, it was felt that the model lacked any realism. The
BBC required a new more realistic VRML model. The
requirements were for the new model to still effectively
show the tactical layout of the Trench and allow the
visitors to walk through to the front line, but it must also
appear less clinical and include some WW1 artefacts.
This was all to be achieved without a dramatic increase
in the .wrl file size. The basic modelling and limited
content helped to keep the original Trench model size
down to only 85 Kb but its compromise was that of
realism.

Size is important, a 1 Mb VRML model would only
take a few seconds to download on a broadband con-
nection, but via a 14.4 Kb domestic modem it could take
up to 10 min. The original Trench model was 85 Kb so
took approximately four and a half minutes on a
28.8 Kb modem to download. The new Trench model
(NTM) was required to be of a similar size yet must be
visually more realistic.

When researching the NTM the author worked clo-
sely with an expert historian and used photographs of
the Trenches and WW1 artefacts to try and maintain as
much accuracy as possible. The issue of inaccurate vir-
tual models available on the Internet is discussed by
Kantner (2000) who states that web-based virtual
reconstructions have a great potential to be misleading
in their presentation and in their interpretation. This is
due to the wide variety of backgrounds of bothFig. 2 Graphic representation of VRML nodes
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modellers and viewers that use the Internet. The VRML
design is always a compromise between realism and
what can be displayed considering computer software,
hardware and bandwidth. As stated by Davis (1996)
complete imitation is impossible as it is inevitable that
some process of subtraction and modification of repre-
sentation is always required. To maintain a small file size
a number of techniques were deployed by the author to
make sure the model was lightweight yet create a more
realistic experience, the following sections outline these
techniques.

4 Creating VRML worlds

The following design techniques were specifically used
by the author to fulfil the BBCs requirements for a more
realistic Trench model whilst maintaining a computa-
tionally light interactive 3D model. Other design tech-
niques can be used to increase download and rendering
speeds. These along with specific software modelling
methods and VRML codes are not explained as these
are better illustrated with dedicated user manuals
(Hartman and Wernecke 1996). However, the tech-
niques used by the author with their associated examples
should prove useful to anyone working on VRML
projects with the aim of attaining the same goals of
producing visually realistic yet computationally light
VRML worlds.

There are various ways in which VRML files can be
created. The most basic way is to use a text editor,
typing in the VRML code directly and then loading the
final file into a browser for viewing. This requires a very
good understanding of syntax and is not practical if the
world being designed is very complex and contains non-
primitive shapes.

There are some tools available which are specifically
aimed at designing VR worlds, such as Sense8s World-
ToolKit (Sense8 2005). The WorldToolKit software has

been programmed with the aim of providing all the
functionality a developer would need to create complex
applications. It is an object-oriented library written in C
with more than 1,000 high-level functions for configur-
ing, interacting with, and controlling real-time simula-
tions.

Dedicated 3D modelling packages are also available
which allow the VRML designer to create the world
graphically on-screen and which output a VRML-com-
pliant file. For example, both 3D Studio Max and Pro-
Engineer have options to save 3D model files in the
VRML format.

Each VRML designer will have their own working
preference. In the case of the author a 3D graphical
package was used to create the main model and a simple
text editor was utilised to adjust and optimise the final
model.

5 VR optimisation techniques used in the NTM

General modelling strategies and VR optimisation
techniques are covered in a number of dedicated books
(Hartman and Wernecke 1996) on the subject. The fol-
lowing section describes the VR optimisation techniques
specifically applied by the author in the NTM.

5.1 Texturing

Textures give objects in the VRML scene a realistic look
whilst maintaining a low-polygon count. A texture is a
2D image, usually JPEG or GIF format, which wraps
around the selected 3D object in the VRML scene. The
3D object surface then takes on the colour, tone and
patterns associated with the 2D images. Texture map-
ping can be compared to wallpapering a real object. The
use of texturing allows the designer to minimise the
number of polygons required to represent an object. In

Fig. 3 BBC History Web
Site—Virtual Reality tours
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the NTM for example a number of ammunition boxes
were used. These were simple cubes but with the use of
textures the blank cubes took on the appearance of
panelled boxes. Figure 4 below illustrates this approach.

5.2 Billboards

Another form of texturing is as a Billboard. Billboards
are single flat layers that rotate around a specified axis
and always face the viewer. For example, the designer
can import a 2D image of a tree and specify that it rotate
around its Y-axis (up). Since the tree image is always
facing the viewer, they will not be able to see that it is
simply a flat image. Billboards can also be designed to

rotate around the X or Z-axis or be screen-aligned.
Billboards are useful for optimising the scene, since the
VR designer can use 2D objects to simulate 3D objects
and thereby save large numbers of polygons. In the
NTM a number of British Lee-Enfield 0.303-inch rifles
were used in the scene. Rather than modelling each
individual part of the rifle, two polygons were created
forming a rectangle and a 2D image of a rifle was placed
on the rectangle representing the rifle. These Billboards
rotated around the Y-axis as the viewer walked past
them. A fully modelled Lee-Enfield 0.303-inch rifle
would have contained many polygons and be very pro-
cessor intensive, whereas a Billboard only has two
polygons and a single texture. Figure 5 illustrates how
the Billboards developed.

5.3 Lighting

VRML does not support ‘dynamic’ lighting, due to the
real-time nature of the applications the calculations re-
quired to produce correct lighting and shadows is simply
too processor intensive. However, VRML does support
a number of different lights:

– Directional lights are the simplest type of light. They
have a direction but no location.

– Point lights radiate light equally in all directions from
a given location.

– Spotlights illuminate light along a primary direction
from a given location. These spotlights are analogous
to spotlights used in theatres, which produce a cone of
light that diverges from the light’s location.

Spotlights by their nature take longer to compute than
point lights, which take longer to compute than direc-
tional lights. Therefore, directional lights should be
substituted for point lights and spotlights where possible
to assist with the rendering speed. The VRML designer
can also specify a headlight. As the name suggests this is
a light which acts as a headlight attached to the viewer as
they navigate the VRML scene.

Within the NTM two directional lights were used to
fully illuminate the scene. A headlight node was not used
to avoid saturating the NTM model with light, (see
Fig. 6) this also assisted in reducing the processor load
on the viewer’s PC.

5.4 Distance level of detail

To reduce the number of polygons displayed in the scene
a VRML designer can specify the browser to use the
level of detail (LOD) node. The distance LOD node
specifies the distance at which objects are displayed
relative to the viewer within the scene. This is a partic-
ularly useful optimisation technique as increases in
object detail are only introduced into the scene when
required, thus keeping the polygon count as low asFig. 4 Texturing. 1—untextured polygons, 2—textured
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possible for the maximum time. Using LOD node does
have a down side, navigation may become rather stop–
start, the viewer will travel smoothly whilst a model is in
RAM and then there maybe a pause whilst the next
LOD is loaded. However, without the use of the LOD
node navigation may be slow all the time.

Within the NTM LOD nodes were used not only for
complete sections of the Trench but also for the artefacts
within the Trench. From a distance the ammunition
dump was a single polygon of colour, as the viewer
moved closer simple coloured boxes were made visible.
As the viewer gained a closer proximity the boxes be-
came fully textured. The LOD node was also used to

Fig. 5 Billboards. 1. Flat plane no texture. 2. Transparent Gif
texture on Billboard. 3. Billboard rotated around the Y-axis being
viewed from reverse perspective

Fig. 6 Lighting. 1. Saturated with headlight node. 2. Two
directional lights only
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remove the tactical overlaid map so it only appeared
when the user first entered the VRML world and dis-
appeared as the viewer moved closer to the Trench.
Figure 7 below illustrates a three level LOD used in the
NTM.

5.5 Cloning

Cloning, or instancing, is an optimising technique used
extensively for the creation of artefacts within the NTM.
If the same object appears multiple times in a scene,
cloning of the object is used instead of copying, as
cloning references the original object’s geometry instead
of creating a whole new object. Cloning produces an
identical copy of the object which shares the original
object’s geometry and appearance information.
Whereas, copying produces an identical copy of the
object that has its own geometry and appearance
information. Clones share the same appearance but can
be resized and placed independently. Through cloning
each model is downloaded into the PCs RAM only once
and used repeatedly, therefore reducing the download
time compared to downloading individual copies.

5.6 In-lines

Another download optimisation technique is to use In-
Lines. In-Lines are self-contained 3D model files with
associated textures and optional lighting and sound
attributes. Similar to cloning these In-Lines instances are
referenced by the main VRML scene and are used
wherever possible to avoid unnecessary downloading.
When designing the NTM the entire model was divided
into modular sections so individual predefined compo-
nents could be imported as in-lines. In this way the
NTM was assembled like a large jigsaw puzzle, each
component being downloaded only once and then used
repeatedly. Figure 8 illustrates the construction of the
Trench walkways by combining individual In-Lines.

5.7 Elevation grids

One of the main criticisms of the original Trench model
was the clinical look of the Trench walls. These walls
were perfectly straight in the original model being
computationally efficient as each wall panel consisted of
only two polygons, unfortunately, this did not represent
the actual walls which were hand dug out of fields.
Rather than graphically modelling new walls irregular
terrain in the NTM was created by utilising the elevation
grids node.

In VRML the elevation grid node specifies a com-
putationally efficient rectangular grid. At each intersec-
tion within this grid, values are assigned which creates

Fig. 7 Level of detail. 1. At a distance—single coloured polygonal
plane. 2. Mid-distance—coloured boxes. 3. Close up—fully
textured boxes
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specific heights above each intersection, so generating a
mathematical elevation grid. The grid can be scaled and
contain any number of intersections. Once the elevation
node has been written the VRML browser then inter-
polates surfaces between the given vertices. Since, it is
unlikely that the terrain surfaces will be planar, each
quadrilateral is broken up by the browser into a pair of
triangles (see Fig. 9).

5.8 Fog and sound

To add some atmospheric realism, fog and sound nodes
were introduced in to the NTM.

The fog node allows the VRML designer to simulate
the effects of fog by making objects further away appear
less visible. The fog node cannot however create swirling
eddies as this would be too computationally intensive.
Instead the fog node simply blends the fog colour with

everything that is displayed in the browser so simulating
a reduced depth of field. Using fog improves rendering
performance of the browser as any object beyond the
visibility range set within the fog node does not get
rendered (Fig. 10).

Within the NTM sound nodes were used to add
atmospheric background noises. These sound nodes
were placed within the NTM scene using their location
fields in the same manor as other 3D objects. When the
viewer is at or very close to their location the sound
volume is heard at the maximum recorded volume. The
VRML designer has more control over the sound node
than just position and volume. VRML allows the de-
signer to control where the sound is heard by using two
ellipsoids, each of which has the location as a focus.
Generally, a smaller ellipsoids is completely contained
within a larger other. The smaller ellipsoid defines the
region where the sound is heard at maximum recorded

Fig. 8 In-lines. The NTM was constructed on a modular basis
using multiple In-lines to reduce the download time

Fig. 9 Elevation grids. Original Trench model was too straight and
clinical. NTM used elevation grids to add realism
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volume, moving within this ellipsoid makes no difference
to the sound’s volume. The region between the small
inner ellipsoid and the larger outer is where sound

attenuation takes place. The sound’s volume decreases
as a function of distance from the inner ellipsoid to the
larger outer ellipsoids surface. Once outside of the larger
ellipsoid the sound cannot be heard (Fig. 11 illustrates
this). Within the NTM the inner ellipsoids were placed
at the front line so full volume is heard at the front line.
The outer ellipsoids were orientated towards the support
trenches so the sound grew louder as the viewer ap-
proached the front line. The sounds for the NTM came
from the BBCs sound archive. These were high-quality
files which resulted in very large file sizes. To maintain a
quick download time the sounds were reduced by re-
sampling them at a lower rate and changing the stereo
sound to mono.

5.9 Arranging objects spatially

The Cortona VRML browser which the BBC recom-
mends the client to download, uses a view culling
process to decide which objects in the scene should be
rendered and which objects should be ignored. Each
model within the VRML scene has a bounding box
which is the smallest rectangular box that can enclose
the object. The browser uses this bounding box com-
bined with the viewing camera’s field of view to
determine which objects should be rendered. The
grouping of objects within a VRML list affects what
the browser will render. If the bounding box in the
field of view is grouped with another 3D object out-
side of the browsers field of view it will also try to
render both groups. However, if the other 3D object is
not grouped with the bounding box in view, the other
3D object will not need to be rendered and conse-
quently the browser rendering speed and FPS will
increase. For example in the NTM sections of the
communications trenches were not grouped with the
reserve trenches as these would not be seen from
within the aforementioned Trenches. At a lower level
the ammunition dumps were not grouped all together
they were individually grouped only with the part of
the Trench that they sat in, so helping to maintain a
good FPS rate.

5.10 ASCII adjustments

As a VRML file is an ASCII file, removing any
unnecessary spaces will reduce the overall file size. In
the NTM superfluous new lines, spaces and leading
tabs, were removed using a simple text editor. The
floating point numbers used were also reduced to a
decimal place of three with little noticeable affect on
the final model. The final .wrl files were compressed
using the patent free gzip utility (Gzip 2005) as the
Cortona browser automatically decompresses this type
of file. As the files are compressed they can be
downloaded more quickly. Before using the gzip utility

Fig. 10 Fog. NTM without and with fog node

Fig. 11 Sound ellipsoids
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the NTM was 358 Kb afterwards it was reduced to
256 Kb saving almost an entire minute in download
time when using a 14.4 Kb modem.

6 Technical comparison of the two trench VRML models

In order to examine the key differences between the two
Trench models it is necessary to consider the key tech-
nical difficulties. Table 2 compares the two VRML
models from a technical perspective. As can be observed
the number of polygons used in the NTM was five and a
half times more than that of the original Trench model.
However, due to the modelling and optimisation strat-
egy implemented the final file size was only one and a
half time larger yet contained many more VRML nodes
than the original model.

Comparing the visual differences (Fig. 12) highlights
how these technical differences are transferred into very
different VRML models.

7 Conclusions

3D virtual worlds by their nature are typically large in
size and so typically suffer from long download times
and performance latency issues. Research by Zari et al
(2001) suggests that the amount of time required for a
website to download is a significant factor in dis-
cerning the satisfaction of the user and the ultimately

the success of a website. Large file sizes also have a
negative effect on display latency which as described
by Conner and Holden (1997) can induce a number of
unpleasant consequences for the user. These include
motion sickness and a feeling of lack of control due to
the user experiencing unexpected delays when making
inputs.

The techniques described in this paper to constrain
VRML file sizes and maintain fast rendering speeds
are essential to minimise these negative issues. How-
ever, simply following these techniques does not
guarantee that the resulting VRML worlds will be of a
high-visual quality or that the interactivity will make
the world an enjoyable area to explore as aesthetic
judgements and user guidance are also important
aspects of any 3D world. This has been shown in the
example of the case study within this paper. The ori-
ginal Trench model which had a smaller file size and
higher FPS than the NTM was replaced by the NTM.
It was judged by the BBC to be superior in its

Table 2 Comparison of case studies

Original
Trench model

Revamped
Trench model

Model statistics
Polygons 2852 16176
Model size 85 Kb 42 Kb
Sound file size 0 Kb 27 Kb
Texture size 70 Kb 187 Kb
Total size 155 Kb 256 Kb

Download time comparison with identical Internet set-up
14.4 Kb modem 1 min 28 s 2 min 25 s
28.8 Kb modem 0 min 44 s 1 min 12 s
56 Kb modem 0 min 22 s 0 min 37 s
ISDN (64 Kb) 0 min 19 s 0 min 32 s
ISDN/DSL (128 Kb) 0 min 9 s 0 min 15 s

VRML nodes
Billboards �
Clones �
Directional light � �
Elevation grids �
Fog �
FPS avg 9.02 avg 5.65
Headlight �
In-lines �
LOD �
Point light �
Sounds �
Spotlight
Textures � �

Fig. 12 Original Trench model and new Trench model
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historical realism with its use of sound, visual aes-
thetics and interactive guidance and as such took the
place of their existing Trench model.

With continuing increases in computer power it could
be presumed that viewing complicated VRML worlds
will become quicker and smoother as the processing
power and bandwidth access increases. However, the
requirement to keep models to manageable size will
continue as network traffic is also likely to increase. It is
unlikely that there will ever be a situation where 3D
scenes actually move too fluidly in the browser, or the
user’s actions are responded to too quickly. Therefore,
the techniques discussed in this paper should remain
valid for the foreseeable future.
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Virtual reality (VR) technologies provide novel and enhanced modes of

human computer interaction that can be used to overcome communication

drawbacks that prevail in conventional computer aided design (CAD)

systems in the support of conceptual design, principally in concept

generation and evaluation. The work reported here focuses on how VR

technologies can proffer more natural and intuitive interaction between

the designer and the CAD system thus enabling a rapid and more

straightforward approach to concept design creation and evaluation. As

the result of this research, an innovative conceptual design system called

the LUCID system has been developed. LUCID provides designers with

a new interaction paradigm that enables them to take fuller advantage of

their visual, auditory and tactile sensorial channels in order to create,

view, touch, manipulate and listen to CAD digital models more effectively.

The LUCID system has shown particular human computer interface

(HCI) benefits to designers during conceptual design stages based on the

outcome from a user evaluation test.

� 2005 Elsevier Ltd. All rights reserved.

Keywords: conceptual design, interface design, virtual reality, computer

aided design

T
he use of conventional computer aided design (CAD) systems

has been productive and rewarding in the new product design

process. Nevertheless, its use has been largely confined to the

later stages of the product design process such as in the embodiment

design and detail design stages. Conventional CAD systems are not

suited to support conceptual design activities, owing in part, to the need

for a more natural and intuitive mode of human computer interaction.

Most designers still use a mouse, a keyboard and a two-dimensional
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(2D) screen to interact with these CAD systems. This provides

restrictions upon designers during the creation of three-dimensional

(3D) models through the conversion of 3D information into 2D

representation for visual interpretation. Experience evidence (Zhai and

Milgram, 1998) showed that human performance was better if there was

a dimensionality match between tasks and input devices, i.e., 2D

graphics need 2D input devices while 3D graphics need 3D input devices.

Modern user interfaces generally involve both 2D and 3D interactions.

Therefore, an ideal input device for modern computers should have both

2D and 3D input capabilities. In addition, conceptual design is often

conducted by product designers who lack detailed 3D geometric

modelling expertise in using conventional CAD systems. Frequently

they use paper and pencil for conceptual design, thus making it difficult

to communicate ideas with others and lengthening the conceptual design

time as conceptual design activities need to be reproduced using the

CAD systems. Consequently, the need to design and deploy new human

computer interfaces (HCIs) for the CAD system is evident, especially in

support of conceptual design. In addition, the use of CAD in conceptual

design should allow designers to concentrate on the creative design

aspects rather than applying themselves to the interaction constraints.

Virtual reality (VR) technology has emerged as an accepted extension to

3D computer graphics with high-end user-computer interfaces that

replicate a functionally realistic environment through multiple sensorial

channels (Burdea andCoiffet, 2003). Such sensorialmodalities are visual,

auditory, tactile, smell and taste. VR is recognised as a very powerful tool

for the development and implementation of more natural and intuitive

HCIs. The need to integrate VR technologies with the product design

process is generally recognised, especially at the conceptual design stage

and as such will provide new advances in the field of CAD.

The authors present the research work on investigating the potential of

VR technologies such as 3D haptic interaction and stereoscopic display.

In addition, these VR technologies are integrated and implemented with

a computer aided conceptual design application with a view toward

exploring the efficacy of these VR-based HCI technologies during the

early stage of the product design process. The work reported here

reviews related work concerning VR-based design systems and

introduces designers’ requirements from case studies and user trials.

Furthermore, the system characteristics of this novel conceptual design

system named the Loughborough University Conceptual Interactive

Design (LUCID) system are detailed. Comprehensive descriptions of
Design Studies Vol 27 No. 1 January 2006
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the system components inherent in the LUCID system combining the

human computer interface considerations and the task orientation of

design functions required are provided in this work. The work concludes

with user evaluation test results of the LUCID system resulting in

recommendations and outlines for future research.

1 Related work
A CAD system employing VR technologies enables the designer to

perform design activities in a more intuitive manner. This type of system

is often termed as a VR-based design system. There are two main

categories in the VR-based design systems based on their interactive

abilities and functionalities involved in the design process: VR-enhanced

3D visualisation and analysis systems and VR-based CAD systems

(Dani and Gadh, 1997). A number of systems have been reported in

both categories (Astheimer et al., 1995; Zheng et al., 1999).

In VR-enhanced 3D visualisation and analysis systems, product models

are initially created in existing 3D CAD systems and then appropriately

translated into a VR environment. Such systems only permit designers to

visualise andanalyseCADobjects in a 3Dvirtual environment.Designers

cannot directly create ormodify CADmodels and sowhen any change or

modification is required, they must go back to the conventional CAD

systems. Examples of such systems were Virtual Design II (Astheimer

et al., 1995), ISAAC (Mine, 1997) and IVECS (Fadel et al., 1995).

In contrast to 3D-enhanced visualisation and analysis tools, VR-based

CAD systems enable designers to create, modify and manipulate 3D

models directly in a 3D VR environment. Compared to most

conventional CAD systems that only employ the mouse/keyboard and

2D screen interaction metaphor, VR-based CAD systems offer more

natural and intuitive 3D interfaces for interaction and enhanced design

tools for functional experimentation. Moreover, VR-based CAD

systems provide alternative methods of user input and output, such as

voice commands, hand gestures and haptic interactions. Examples of

these systems included COVIRDS (Chu et al., 1997), JDCAD (Liang

and Green, 1994), HKU VR-CAD (Zheng et al., 1999), ErgoSketch

(Forsberg et al., 1998), VDVAS (Wan et al., 1999), DesignSpace

(Chapin et al., 1994), 3-Draw (Sachs et al., 1991), 3DM (Butterworth

et al., 1992), CUP (Anthony et al., 2001) and CDS (Bowman, 1996).

Despite the significant amount of research in this area, none of these

VR-based CAD systems have made an impact on conventional CAD

systems’ evolution. This is in part due to the VR-based techniques that
ual reality technologies in support of conceptual design 79
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have been selected to use. Each VR-based interaction technique for

CAD applications has its own potential and limitations. For example,

a voice command interface has several advantages including its simple

input device (a microphone) and freedom to use hands for other

operations. However, it also suffers from fundamental weaknesses

including limited recognition capability and difficulty in specifying

continuous and complex commands. Ye (2005) summarised the major

advantages and drawbacks of the VR-based interaction paradigms

currently used in most VR-based CAD systems (see Table 1). Any new

VR-based interaction technique to be developed for CAD applications

should take full advantage of existing VR-based interfaces’ strengths

and avoid their inherent weaknesses as much as possible.

2 Designers’ requirements from case studies
and user trials
Recent improvements in computer technologies provide advanced tools

in the field of CAD. In order to provide more responsive user interfaces

Table 1 Summary of VR-based interaction mechanisms and their advantages
and drawbacks

VR-based interaction
paradigms

Main advantages (A) and drawbacks (D)

1. Glove type
devices

A: � Enable to use both hands.
� Use the hand with more degrees of freedom
� Allow a natural interaction by gesture input

D: � Need pre-defined complex gesture language
� Need fast and precise gesture recognition
� Need user-specific calibration to work

2. Voice input
methods

A: � Free both hands for other operations
� Need simple hardware devices (i.e.
a microphone)

� Specify verbal commands flexibly
D: � Need different language support

� Need different pronunciation recognition
� Need different accent recognition

3. Position tracking
devices

A: � Provide spatial information for interaction (i.e.
view control, object selection and manipulation)

� Allow users to feel ‘presence’ in a virtual world
D: � Need comprehensive position calibration

� Need complex algorithm to reduce noise
disturbance

� Cable connection limits freedom of operation
4. Fully immersive

virtual
environments

A: � Create a more realistic environment
� Increase the user’s feeling of immersion

D: � Make the system infrastructure more complex
� Cause uncomfortable intrusive viewing
problems

� Make the system more expensive to use
Design Studies Vol 27 No. 1 January 2006
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(UIs) for conceptual design, there is a need for high level, understand-

able and effective UI specifications from practical case studies and/or

user trials with usability testing. These identified UI specifications

should not only establish more effective and usable HCI mechanisms,

but also reveal the real needs and expectations from designers when they

perform design work using CAD systems.

2.1 Case studies: human factor analysis of CAD
techniques
Sener and Wormald (2001) conducted several case studies that revealed

the needs and expectations of industrial designers when they undertook

design work using current CAD systems. These case studies covered

several subjects comprising: (i) exploring the capability of current CAD

systems for supporting conceptual design activities; (ii) identifying

designers’ expectations of new generation computer aided industrial

design systems; (iii) understanding the needs of professionals involved in

the design process such as industrial designers and engineering designers;

and (iv) producing improved computer aided conceptual design tools

that could be used from conceptual design to final product design. The

following gives a brief summary of their findings.

� A new CAD system should be less complicated so that designers

could learn to use it in a much shorter time without having difficulty.

� Sketching on the computer should be done as quickly as by free hand;

it should allow sketching in 3D space; it should use similar tools as in

traditional sketching work, such as a pencil.

� A new CAD system should enable designers to shape and sculpt the

object by hand, to interact with the model by touching, feeling,

holding and manipulating if needed just the same as that in real life.

� A new CAD system should provide strong tools for free and fast

control of the freeform shape construction.

2.2 User trials: questionnaire survey on existing
CAD applications
As a part of the authors research work, sixteen user trials were

performed through a demonstration conceptual design work and

a formal questionnaire survey. The user trial findings led to a better

understanding of the limitations of current CAD systems for conceptual

design and the expectations of new CAD systems from both design

engineers and design researchers. With respect to the satisfaction with

the overall design functions and tools of the CAD system that designers

have used most for their design work, an average value of 3.31 was

received on a Likert scale of 1 to 5, where 1Zmost dissatisfied and
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5Zmost satisfied. An average value of 3.12 was obtained for the

satisfaction with UIs provided by these commercial CAD systems.

These lower values indicated that designers have not been fully satisfied

with the design functions and UIs (the mouse/keyboard and 2D display

interface) that most commercial CAD systems have provided. The user

trial results also revealed that most commercial CAD systems currently

available on the market were not good for freeform shape creation, and

they neither allowed 3D freehand sketching type usage nor let designers

follow their own design paths. There was an increasing need of

techniques for improving UIs to support designers in interacting with

3D digital product data. It could be supposed that designers could

perform their design activities more efficiently and effectively if they use

more natural, familiar interaction mechanisms instead of the traditional

mouse/keyboard and 2D planar display paradigm. All these findings

could be regarded as the designers’ requirements for a new conceptual

design system.

3 System characteristics of a new conceptual
design system
Drawing upon the designers’ requirements described above, it is possible

to define the aim of a new conceptual design systeme called the LUCID

system as follows:

To integrate VR-based HCIs into the design process in order to

maximise its interactivity and efficiency so as to provide better

support to conceptual design.

The overall aim of the LUCID system was expanded into ideal system

characteristics using a matrix approach, similar to the ‘house of quality’

used within the Quality Function Deployment (QFD) process (see

Figure 1). The designers’ requirements obtained from both case studies

and user trials are listed down the left-hand side of the matrix and the

characteristics of the LUCID system needed to meet them are listed

along the top. The correlations between requirements and character-

istics are shown by crosses entered in the matrix.

The defined system characteristics would provide both the starting point

for the system configuration of the LUCID system and a yardstick

against which the LUCID system performance could be measured. Each

characteristic is discussed in detail below.

3.1 Two-handed operation
Most everyday tasks or working skills are dual-handed in nature. Using

two-handed operation in the design process mimics the way people use

both their hands for their everyday tasks. Two-handed operation
Design Studies Vol 27 No. 1 January 2006



interfaces were found to be faster and easier to use than conventional

interfaces which were based on a keyboard and a mouse (Hinckley et al.,

1998). In addition, a well-designed two-handed operation interface

should have a physical form which gives cues to the way it works,

making it more intuitive and easier to learn than traditional techniques

for manipulating virtual objects. Though the traditional mouse and

keyboard operation is normally performed by two hands in a serial

order, here two-handed operation refers to using both hands

simultaneously instead of in series. Much research has indicated that

two-handed interfaces have many potential benefits over one-handed

interfaces. These findings have shown that two-handed interfaces are

more natural, more efficient and more flexible to use in the design

process (Ye and Campbell, 2002).

3.2 Haptic interaction
New emerging technologies create new interaction paradigms which

overcome the drawbacks from conventional interfaces such as using

a 2D mouse and keyboard requiring complex skill and knowledge.

Haptic technology provides an attractive solution, providing designers

with more natural and intuitive UIs when it is used in conjunction with

a 3D visual display. In such a case, designers cannot only view the design

content in 3D but also touch and feel the design result directly.

Furthermore, haptics provide many benefits to designers for interacting

with models in 3D digital environments including providing feedback to

position objects accurately in 3D space, resolving visual ambiguities by

letting designers feel the models, communicating the physical properties
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of objects and letting designers naturally and continuously manipulate

models (Massie, 1998). More importantly, incorporating haptic in-

teraction into model generation programs will let designers work more

creatively by taking advantage of their existing skills and experience in

manipulating objects in the real world.

3.3 Stereoscopic display
Unlike 2D technologies, which attempt to display depth and perspective

cues on a flat 2D screen, stereoscopic displays provide users with a more

realistic 3D visual perception. A stereoscopic display interface is also

referred to as a 3D visual output channel. This is due to the fact that it

mimics the normal way that people view the natural world in three

dimensions, stereoscopic visualisation can be much easier to interpret

than 2D images that are normally displayed on computer monitors.

From the design point of view, stereoscopic displays can enhance visual

understanding of complex onscreen digital objects. A design system

which uses a stereoscopic display interface could therefore deliver the

ability to reduce errors in the design process, support design reviews in

a 3D virtual environment and thereafter accelerate the time-to-market

realisation.

3.4 Sound feedback
People have five sensorial modalities to interact with the physical world

including auditory. Sound output or auditory feedback technology

plays an important role in increasing the simulation realism by

complementing the visual feedback provided by graphics displays. Prior

to haptic interaction introduced in Section 3.2, visual displays tend to

dominate the human computer interaction to convey information

between users and computers. In this case, one might prompt such

a question: Why not use touch and sound to provide feedback to other

senses and so take the load off the eyes in the design process? Therefore,

a sound feedback interface could add another information channel.

Sound feedback has the advantage of being a channel of communication

that can be processed in parallel with visual information for designers to

increase their interactive quality in the design process. An obvious use of

auditory feedback within the CAD environment is to provide feedback

to users about their actions during the design process.

4 Developing the LUCID system: applying
VR-based interaction technologies to CAD
applications
In order to define a configuration of the LUCID system to meet the

system characteristics identified in Section 3, it was necessary to
Design Studies Vol 27 No. 1 January 2006



determine the make up of the component system. Once again, a QFD

matrix approach was used (see Figure 2). This time, the system

characteristics from the matrix in Figure 1 were used to generate

solutions for possible system components. The system characteristics

are now listed down the left-hand side of the matrix and components of

the LUCID system are listed along the top. The correlations between

system characteristics and system components are shown by crosses

entered in the matrix. The system components were selected based upon

the knowledge gained from the authors’ research work about interaction

techniques, VR technologies and CAD geometric modelling methods.

Fully immersive design systems often tend to make the system

infrastructure more complex, cause uncomfortable intrusive viewing

problems and make the system much too expensive. Therefore, it was

decided that the LUCID system should be a non-immersive desktop

design system based on a desktop computer. Another reason for this

choicewas that it would allow the design system to bemore portable since

desktop computers are abundant in both academia and industry. The

systemwould consist of a variety of hardware and software components.

There were several important issues to resolve when developing such an

integrated VR-based design system. The hardware components should

be carefully selected based upon their performance characteristics, ease

of integration and flexibility for future enhancements. The software
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infrastructure should require a modular design, efficient cooperation

between its elements and performance optimisation. More importantly,

all these hardware devices and software components should cooperate

well in an integrated synchronised environment to match the defined

requirements as closely as possible.

4.1 Hardware device specification
In order to select the specific hardware devices to enable the LUCID

system to match the defined requirements, a detailed study was

conducted including: (i) visiting the world-wide-web homepages of

different companies who could provide the hardware devices which the

LUCID system might need; (ii) directly contacting the vendors,

respectively, for detailed technical specifications and product quota-

tions; (iii) collecting end-user feedback on their experience and lessons

using the same devices which might be employed in the LUCID system;

and (iv) arranging evaluation opportunities with relevant hardware

devices if possible. As the result of the study, a six degree of freedom

(DOF) SpaceMouse Classic� input device from 3Dconnexion Corp. was

chosen to create a two-handed operation mechanism as it was relatively

easy and stable to use in CAD applications. A 3D Phantom Desktop�

haptic device from SensAble Technologies Inc. was selected to

implement a haptic interaction channel as it was the de facto standard

haptic device used in most haptic-based applications. A NuVision

GX60� stereoscopic display toolkit from MacNaughton Inc. was used

to offer a stereoscopic display interface due to its simple structure, lower

cost and comfort and convenience in use. Finally, a universal computer-

supported speaker-based auditory system was employed to provide

a sound feedback interface.

4.2 Software application components
The first step for the LUCID system software design was to choose

a suitable developing programming language. Consideration included

data portability, data interchange and software development kit (SDK)

tool support. Microsoft Visual CCC Version 6.0 was chosen as the

programming language because Microsoft Visual CCC is the standard

development environment for most popular Windows-based applica-

tions. It is easy to port data from various systems into the application by

using the Microsoft Foundation Class (MFC) library provided by

Microsoft Visual CCC Version 6.0. Furthermore, both the General

Haptics Open Software Toolkit (GHOST) SDK for haptic rendering

and the 3DxWare� SDK for SpaceMouse manipulation have them-

selves been developed under the Microsoft Visual CCC Version 6.0
Design Studies Vol 27 No. 1 January 2006
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environment. This greatly helped to integrate the software supporting

tools seamlessly into the LUCID system development and its

implementation. The following is a list of the software packages that

are used in the LUCID system design and development.

� Microsoft Windows 2000 Professional from Microsoft Corp.

� Microsoft Visual CCC Version 6.0 from Microsoft Corp.

� GHOST SDK Version 4.0 for Windows from SensAble Technolo-

gies, Inc.

� 3DxWare� SDK Version 1.1 for Windows from 3Dconnexion Corp.

� Open source Graphics Language (OpenGL) application program-

ming interface (API).

� Microsoft Speech SDK Version 5.1 from Microsoft Corp.

4.3 Design function configuration
In order to support the design functions defined in Section 3, the

LUCID system needed to provide several useful design tools to perform

a certain extent of conceptual design work. A 3D freehand sketching

tool would be required to provide a true design capability. More

importantly, the LUCID system would also need to support 3D

freeform surface creation functions employing freeform feature-based

design technologies. Several freeform feature-based design functions

would be defined and developed in the LUCID system. Implementation

of these freeform feature-based design functions in the system would

provide designers with enhanced design tools for their design activities,

in particularly for the free and fast freeform shape creation.

4.4 Model data formats
The LUCID system by definition would not be a fully functional design

system. In order to enable the model conceptually designed in the

LUCID system to be shared seamlessly in most downstream CAD and

CAM applications, the LUCID system needed to provide certain CAD

model data transfer facilities. Also, there was a need of combining the

LUCID systemwith other CAD systems so as to provide a practical total

solution package for the whole product design and development process.

Therefore, the LUCID system had to consider this critical issue. It was

decided that the StereoLithography (STL) file format should be selected

as one of the supported CAD data file formats in order to create a design

environment in which the designed object could also be manufactured

using rapid prototyping (RP) technologies. Since the Virtual Reality

Modeling Language (VRML) file format is widely supported by most

applications employing VR technologies, it was decided that the VRML
tual reality technologies in support of conceptual design 87



file format should also be chosen as one of the supported CAD data

formats so as to provide a solution for sharing CAD model data

information freely and easily with other VR-based CAD applications.

5 Human computer interface design
The overall human computer interface framework of the LUCID system

can be seen in Figure 3. Each VR-based user interface design and

implementation is discussed in detail in the following sub-sections.

5.1 Two-handed operation interface design
A two-handed operation interface was implemented using a six DOF

SpaceMouse device together with a 3D Phantom Desktop haptic device

in the LUCID system. The two-handed operation interface works in the

following way: designers navigate the onscreen model via the six DOF

SpaceMouse manipulation using their subdominant hand and, at the

same time, they apply functional operations to the model through the

3D Phantom Desktop� haptic device using their dominant hand. Two-

handed interaction provides designers with a more natural interaction

method, which is similar to the working style that uses both their hands

in their everyday tasks. In addition, two-handed operation makes the

design work more efficient since both hands are involved in the design

process instead of traditionally only one hand. Furthermore, two-

handed operation makes the design work more flexible since different

design tasks are done by different hands.

Figure 3 Framework of the

LUCID system
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5.2 Stereoscopic display interface design
Most CAD systems display their models only on 2D planar screens. In

order to understand 3D CAD models, a series of 2D views are needed

simultaneously to interpret both inside and outside structures. This

normally requires additional brain work to reconstruct these complex

structures from different view channels and thus leads to much

confusion in the design process. To overcome this obstacle, NuVision

GX60� stereoscopic wireless liquid crystal display (LCD) glasses were

employed to create a stereoscopic display interface in the LUCID

system to enable designers to analyse and manipulate the CAD models

as a 3D whole. The NuVision GX60� LCD eyewear was activated by an

infrared emitter that connected to the user’s computer. Compared with

fully immersive head mounted display systems, which often caused

uncomfortable intrusive viewing problems, the lightweight stereoscopic

LCD glasses provided a comfortable way to view virtual models in a 3D

environment. This also enhanced the information exchange between the

designer and the digital model. OpenGL stereo technology was chosen

to implement the stereoscopic visualisation function.

5.3 Haptic interaction interface design
Haptics or force feedback technology provides a new interaction

paradigm between designers and computers. Prior to haptics, in most

cases designers have the ability to interact with models only through

visual information. A 3D Phantom Desktop� force feedback device was

used to support a haptic interaction operation in the LUCID system.

The haptic interaction enabled designers to use their sense of touch to

design and modify models in the same way as they would do in the

physical world. This provided a more intuitive interaction method to

support the design process. Assisted by the haptic feedback operation,

designers could not only apply designing actions to the CADmodel, but

also touch and feel the created CAD model with 3D force feedback.

Moreover, the design process associated with force feedback expanded

the information exchange between designers and virtual models

since designers obtained the haptic sense directly during the design

process.

When integrating haptic interaction into a design application, the most

important issue is to render the designed CAD model both graphically

and haptically. It is generally accepted that the update of a visually

rendered model must be done with a frequency of at least 30 Hz to avoid

flickering (Bordegoni and De Angelis, 2000). However, the haptically

rendered model must be updated at approximately 1000 Hz so as to
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make the rendered forces appear more realistic. This obviously requires

very efficient implementation of the haptic rendering algorithms. In the

LUCID system, the GHOST SDK from SensAble Technologies was

used to solve the difficulty involved in the implementation of the haptic

interface design. In addition, the OpenGL API was employed to carry

out the stereoscopic graphics displaying. Hence, this co-location task

was implemented by having two different APIs, one for haptic rendering

and one for stereoscopic graphics rendering. Using different APIs

brought a great challenge to the LUCID system but it also provided

much potential to further extend other functions for the design process

in the future.

Since the GHOST SDK itself did not work with stereoscopic graphics

rendering, a new effective method was developed and implemented to

combine the haptic interaction with the stereoscopic graphics rendering

in the LUCID system. This was achieved by calling low-level input/

output functions to access the real-time position data from the Phantom

Desktop� haptic device together with displaying the received data

stereoscopically using the OpenGL API. Since the GHOST SDK did

not provide collision detection function for low-level data access and

manipulation, an effective collision detection algorithm was also

developed for the co-location rendering task. This was implemented

by culling CAD models that were not located in the haptic cursor’s

vicinity, which allowed real-time collision detection with large CAD

data sets to be achieved relatively easily.

5.4 Sound feedback interface design
Human beings have visual, auditory, tactile and other sensorial channels

to interact with the real world. A sound feedback interface was

implemented by using a universal computer-supported speaker-based

auditory system in the LUCID system. In this case, designers obtained

auditory feedback when they performed certain design functions,

touched or deformed the virtual CAD model within the design process.

The design process associated with sound feedback provided much more

auditory feedback information than that in a conventional CAD

process. The sound feedback interaction added another sensorial

channel to expand the information exchange between the designer and

the virtual model generated by the computer. In the LUCID system, the

sound feedback technology played an important role in increasing the

interactive quality by complementing the visual feedback provided by

the stereoscopic display and the tactile feedback provided by the haptic

interaction.
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6 3D freehand sketching and freeform
feature-based function design
Since CAD offers many advantages in contrast to traditional handmade

paper-based sketches such as the spatiality of the CAD models and the

transformation of the CAD models (panning, rotating and zooming),

a computer-based freehand sketching tool should combine the

creativity-supporting characteristics of traditional freehand sketches

together with the advantages of digital system environments. Further-

more, a digital freehand sketching tool only makes sense if the sketch

can be done all in 3D rather than in 2D. Since a method for low-level

data accessing to the Phantom haptic device was developed and

implemented in the LUCID system, the 3D position data of the stylus

arm of the Phantom haptic device could be captured in real-time

through the haptic rendering servo loop. The 3D position data obtained

could be displayed stereoscopically after some simple data processes

such as the different coordinate systems’ translation and the scale

factors’ multiplication. The LUCID system realised the 3D freehand

sketching function by using the 3D Phantom Desktop� device for 3D

input of the sketches and the stereoscopic display for the realistic 3D

visual output. The 3D freehand sketching function provided a true

design capability in a CAD application which was lacking in most

commercial CAD systems. Here the true design means the model is

designed all in 3D (both input and output) and it gives several sensorial

feedback when it is manipulated (such as touched or deformed), which is

quite similar to a true model existed in the physical world.

The feature-based modelling approach is considered to be an attractive

technique which provides enhanced design tools in CAD modelling

especially for fast freeform shape creation. In order tomeet the designers’

requirements defined in Section 3, several freeform feature-based design

functions were abstracted and developed in the LUCID system. These

included the sculpting (cutting) feature, the sweeping feature, the lofting

feature and the blending feature. Non-uniform rational B-splines

(NURBS) methods were used to represent freeform CAD models in

feature-based design functions. Implementation of these freeform

feature-based design functions in the LUCID system provided designers

with enhanced functional tools supported by the integration and

implementation of the four VR-based innovative HCIs. Furthermore,

all these freeform feature-based design functions were operated in a 3D

environment with both direct haptic and sound feedback. Compared

with traditional design functions, they have increased the speed of the

information exchange between designers and virtual models, and led to
ual reality technologies in support of conceptual design 91



greater design flexibility and interactivity for conceptual design. Figure 4

gives a design example of using the 3D freehand sketching and freeform

feature-based functions available in the LUCID system.

7 User evaluation test
In order to test whether the LUCID system could give better support for

conceptual design through its innovative VR-based interfaces, sixteen

user evaluation tests were conducted by the authors through a demon-

stration mouse model design (see Figure 5). Some model design results

from the user evaluation test are illustrated in Figure 6. Though the

LUCID system has limited design functions, the conceptual design

example gave a full demonstration of using the design tools available at

present, mainly focusing on the four new VR-based HCI operations.

As the result of the user evaluation tests, all four new VR-based HCIs

employed in the LUCID system received positive responses. Figure 7

shows the evaluation values gained on a Likert scale of 1 to 5 (where

1Zmost unuseful and 5Zmost useful) along with the comparison with

the traditional mouse/keyboard interface, respectively. All VR-based

HCIs had received higher values than the traditional mouse/keyboard

Figure 4 Modelling example of using the LUCID system
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interface. High values for both the two-handed operation and the

stereoscopic display indicated that these two technologies have become

more mature whereas the haptic interaction and the sound feedback still

needed further development and improvement in CAD applications.

Figure 5 Mouse model design for the user evaluation test

Figure 6 Model design results from user evaluation tests
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The user evaluation test results have confirmed the authors’ findings

about the limitations of most commercial CAD systems and designers’

expectations of new generation CAD tools. The outcomes have also

exhibited the efficacy of the four new VR-based HCIs involved in the

design process and revealed the strengths and weaknesses of the current

LUCID system. Though it was not seen as being totally satisfactory, the

LUCID system had particular HCI benefits to designers. The user

evaluation test findings were valuable especially to further improve the

LUCID system in the future.

8 Conclusions
In this paper, an innovativeVR-based conceptual design system, namede

LUCID, has been presented. LUCID fully integrates a two-handed

operation interface, a stereoscopic display interface, a haptic interaction

interface and a sound feedback interface into one conceptual design

application. As an approach to new HCIs for conceptual design, the

LUCID system could provide better support capabilities for conceptual

design through its multiple interface integration and implementation. In

particular, the LUCID system provided the abilities to work quickly and

more naturally by using both hands in a 3D environment with both direct

haptic and sound feedback.

Although the implementation of the LUCID system provided more

support for conceptual design with its multiple innovative interfaces, it

still can be improved in several respects in the future:

Figure 7 Results of user

evaluation tests
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� New geometric modelling representations and algorithms should be

investigated to give support to the LUCID system. Currently, the

NURBS modelling algorithm was employed for representing free-

form curves and surfaces and the feature-based modelling approach

was used to support the freeform feature-based design functions in

the LUCID system. Moreover, the STL and VRML file formats were

supported by the LUCID system for both importing and exporting

options. Other representations and algorithms need to be investigated

to support the model data exchange effectively and efficiently with

main downstream commercial CAD systems. For example, Standard

for The Exchange of Product model data (STEP) and Initial

Graphics Exchange Specification (IGES) are able to support model

data direct transfer of NURBS representation.

� Compared with commercially available CAD systems, the LUCID

system does not possess a rich enough range of design functions to

perform some very complex design tasks. This could be remedied by

using an existing commercial 3D solid modelling kernel package such

as the Spatial’s ACIS� or the Electronic Data Systems’ Parasolid� in

the future.

� Besides the four new UIs introduced in this paper, other new HCI

technologies should be investigated in order to provide even better

UIs to fully support the conceptual design process. For example, the

hand gesture interaction could be investigated and integrated into the

LUCID system so as to provide an even more natural two-handed

operation paradigm.

� Further research will consider the integration of these new HCIs used

at the conceptual design stage into conventional CAD systems to

totally support the whole product design process. This will cover

some known topics including the design data exchange and

management and the new CAD system’s structure reconstruction.

New CAD systems are being developed which allow designers to use

their existing skills and experience while working in the digital

environment. The potential of such technologies to allow an intuitive

and natural interaction with virtual models has increased the drive

towards computer support for the whole design process. The authors

believe that the continued exploration of new interface technologies and

their integration into design applications will result in the future

evolution of the next generation of HCIs for CAD systems.
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THE USE OF 3D VISUALISATION AND INTERACTION TO 
MARKET A NEW NEAR-NET-SHAPE PIN TOOLING 

APPLICATION 

Kevin Badni 
Loughborough University, Department of Design & Technology, Loughborough, U.K. 
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Abstract: This paper describes the methodologies used to create an interactive 3D multimedia application. The 
application was required to fulfil a business need of representing as close to reality as possible, how a new 
product technology worked.  A number of IT solutions for the application were researched and described 
within this paper. The construction of the application is then discussed with the methodology behind a 
stereolithography  parsing system and the algorithms used to detect collisions being described in detail. The 
application has been successfully implemented by the business to build an engaged client basis.  

1 INTRODUCTION 

Surface Generation is a privately owned UK 
company which has a revolutionary Pin Tool, mould 
making, process with intention to ‘fundamentally 
alter the economics of small volume production of 
large products’. (Surface Generation 2007).   

 
Figure 1: Surface Generation’s Pin Tooling. Copyright 
Surface Generation 2004-2007. 

The Near-net-shape Pin Tooling (NPT) 
technology that the company wanted to promote 
uses beds of adjustable square pins to create near net 
shape surfaces (see Figure 1).  These beds are 
designed for use as a support structure for composite 
tooling systems.  Their approach has been designed 
to reduce lead time and labour issues which are at  
the centre of large component manufacture.  Due to 

the unique nature of this product Surface Generation 
wanted to use information technology as a marketing 
device to demonstrate how their unique technology 
worked. 

The proposed application was to allow the user 
to ‘play’ with the technology and so understand by 
experience how the technology worked and how the 
users decisions could influence the final results.  The 
hypothesis that interacting with a virtual product 
would allow for a customer to gain a better 
understanding of the technology involved is backed 
up by existing research as described by Schlosser 
(2003) ‘The act of directly manipulating a virtual 
object should produce clearer mental images than if 
this information were acquired passively, regardless 
of the user's goal’. This is supported by Rosenblatt 
(1965) who describes mental imagery as being a 
critical aspect of information processing. The 
proposed application would be designed to mirror 
the real life technology with the intention to 
persuade the customer that the new technology is a 
feasible option for them to purchase. To facilitate 
this Biocca (1992), states that in theory the 
application should “blur the "boundary between 
simulation and communication, and virtual and 
physical reality".  As discussed by Kahneman and 
Tversky (1982), the easier and more vividly 
individuals can envision a scenario, the higher the 
likelihood that they will estimate that the scenario 
will actually occur.   
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This technique of representing the experience by 
using vivid mental imagery rather than expecting the 
customer to use cognitive elaboration has been 
proposed to be a superior method in influencing 
intentions (MacInnis and Price 1987). Whilst the 
creation of an application that requires little 
cognitive elaboration is ideal, it must be 
acknowledged that a web based 3D design is always 
a compromise between realism and what can be 
displayed considering computer software, hardware 
and bandwidth.  As stated by Davis (1996) complete 
imitation is impossible as it is inevitable that some 
process of subtraction and modification of 
representation is always required.  Nevertheless 
from a marketing perspective it can be argued that 
the more a customer can envisage themselves using 
a technology, the more influential it will be in 
affecting their expectations to purchase.   

2 INFORMATION 
TECHNOLOGY OPTIONS 

The author was asked to research into possible IT 
solutions which could sit on Surface Generation’s 
website. The application was to be up and running 
within a tight deadline of only three months.  The IT 
application required specific actions to be 
undertaken which generally mirrored the real-life 
process used by Surface Generation, these are set out 
in Table 1. 

Table 1: Application Process. 

Actual System  Virtual System 
     

Load STL files  select STL file 
       
    create 3D model 
       

pin bed reset  create pin bed 
       
run collision detection  run collision detection 
       

position pins  position pins 
       

create infill  create mould volume 
 
To facilitate these operations a number of 

approaches were considered. As the application was 
to represent the real-life technology and hardware so 
reduce the need for cognitive elaboration, a 3D 
virtual model would need to be created. Due to the 

application revolving around a virtual 3D model the 
first obvious IT choice to be considered was VRML 
(Virtual Reality Mark-up Language). 

2.1 VRML 

VRML is a world standard for web based virtual 
reality interfaces. VRML is a scene description 
language based on a subset of Open Inventor from 
Silicon Graphics that describes the geometry and the 
internal behaviour of a 3D scene. Even though 
VRML is not a general programming language it 
does have some features that can make it a useful 
tool for dynamic 3D environments. These features 
include the ability to write prototype nodes which 
can incorporate scripts to perform various 
behaviours within the VRML world. With the 
creation of this standard a number of dedicated web 
browsers have been produced which are used to 
display and control virtual worlds using VRML over 
the internet.  These browsers are cross platform 
compatible and interpret the VRML files displaying 
a 3D model within the browser (Badni 2005).   

Having investigated the use of VRML as an 
application base, a number of negative issues were 
raised. VRML is mainly used to visualise 3D 
models, it is not normally used to facilitate heavy 
computational tasks such as the required collision 
detection. VRML requires a dedicated browser to be 
used, so the customer would have to download and 
install a browser. VRML browser’s rendering 
engines would also struggle with the number of 
polygons used within the imported STL 
(stereolithography) files, making the updated frame 
rate rather slow.  The frames per second rate (FPS) 
is affected by the processor speed, graphics card and 
memory available on the customers PC. As this is 
unknown, the 3D designer must design the 3D scene 
to be as computationally light as possible yet still 
maintain a high level of model realism. The 3D 
model files would therefore have to contain the 
minimum number of polygons (facet shapes that 
make up a virtual model) as possible. However as 
the application would use complicated STL files 
with a large number of polygons (>2500) this would 
not always be possible. Having undertaken some 
experiments it was clear that having more than 2,500 
polygons displayed would reduce the frame per 
second rate below the acceptable 10fps rate.   
Hartman and Wernecke (1996) recommend that the 
designer should aim at achieving a minimum frame 
rate of 10 FPS, which is the frame rate required to 
simulate visual continuity whilst moving in the 
virtual world. 
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2.2 Java 

The second IT option was to create a bespoke 
application using a high level programming 
language such as Java which was formalised in 
1995. Because the Java language is an interpreted 
language, it requires an interpreter (also known as a 
Just-in-time compiler) in order to run, so as long as 
the customer has ‘The Java Virtual Machine’ on 
their PC, the application will theoretically run. The 
main advantage that a proposed Java application 
had, was due to the nature of Java programming the 
computational side of the application could be 
relatively easily handled. The major downside of 
creating a bespoke application using Java is the 
enormous time scale that would be involved. Surface 
Generation wanted a working application within 
three months which ruled out a bespoke application 
being created by just the author. 

2.3 Director 

The third option, and chosen route was to use 
Macromedia’s Director authoring environment. 
(now owned by Adobe). Director has an object-
oriented development environment, similar but not 
as powerful as Java but much more powerful than  
VRML. Director also has a pre built 3D rendering 
engine so can handle 3D model files. The other 
advantage Director has is the common usage of the 
Shockwave plug-in, as over 200 million web users 
(58.5% of mature markets, Millward Brown 2007) 
having already installed the Shockwave Player.  

3 APPLICATION 
DEVELOPMENT  

3.1 Reading STL Files 

The first stage of the application was the reading of 
imported STL files. The real life NPT application 
uses customer’s STL files to set up the pin positions. 
This was to be mirrored in the virtual web 
application by selecting from a library of different 
STL files.  An STL file is a triangular facet based 
representation that approximates surface and solid 
forms. An STL file as described by Burns (1993) 
‘consists of a list of facet data. Each facet is 
uniquely identified by a unit normal (a line 
perpendicular to the triangle and with a length of 
1.0) and by three vertices (corners). The normal and 
each vertex are specified by three coordinates each, 

so there is a total of twelve numbers stored for each 
facet.’   

The standard STL format specifies that the 
object represented must be located in an all-positive 
octant. In other words, all the vertex coordinates of 
the facets must have positive numbers. However, 
with a few exceptions most STL creation software 
allows the facets to be in any arbitrary location in 
3D space. Director also works within a 3D space, 
however Director’s co-ordinate system is 
unfortunately incompatible with an STL file so 
ruling out a straightforward direct import. Therefore, 
a new STL parsing system had to be written to 
interpret the STL models into the Director 
environment.  

The first part of the parsing system involved 
stripping out each individual vertex (3D points) 
position from the ASCII STL text file. The idea then 
was to recreate the mesh using Directors own rules. 
Within Director a vertices value needs to be entered 
in to the code that will indicates the number of 
entries that will be expected in a linear list of 
vectors, each of which describes the location of one 
vertex within the 3D model. This vertex list then has 
to be cross referenced with individual facets in order 
to work out the connections between the vertices 
that would create the final triangles. To achieve this 
with the different STL models available from the 
library a new algorithm had to be created that could 
sit within a repeat loop within the application to 
determine which faces from the STL file were based 
on which vertices. The method undertaken, involved 
creating a breakdown list of a number of sample 
STL surfaces, (see Figure 2 and Table 2), listing 
each vertex which related to each face. A pattern 
emerged for both the odd numbered faces and the 
even numbered faces, these have been described 
below. 

 

Figure 2: Facet STL surface. 
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Table 2: Vertex List. 

Face Number Vertex 1 Vertex 2 Vertex 3

1 1 4 2 
2 2 4 5 
3 2 5 3 
4 3 5 6 
5 4 7 5 
6 5 7 8 
7 5 8 6 
8 6 8 9 

 
Even Faces = [Vertex1,Vertex1+the 

columns+1,Vertex1+1] 
Odd faces = [Vertex1+1,Vertex1+the 

columns+1,Vertex1+the columns+2] 

However a discrepancy was found with vertices 
that were on the edge of a surface (i.e. Vertex 6) .  
To circumnavigate this issue the arithmetic modulus 
operator was used to check if the vertices was on an 
edge: 

If Vertex1 mod (columns+1) = 0 then 
Vertex1=Vertex1+1 
End if 
 
This would only come into effect if the STL file 

created was not fully closed, otherwise in theory 
there would be no edge vertices. 

Once the vertex position and connections had 
been resolved they were arranged and positioned in 
the 3D space in a counter clockwise order when 
looking at the triangular face from the outside using 
the right-hand rule with the thumb pointing up being 
‘front’ (see Figure 3). This rule was applied to make 
sure the ‘front’ or back’ side of the triangle was 
correctly orientated. 

 

Figure 3: Front face of facet. 

Within Director the Camera property has a front 
direction vector, any normal that is between 0 and 
90 degrees of that vector will be drawn with the 
front face, if it is beyond 90 degrees the back face is 
drawn. If the back face were drawn the 3D STL 
model would appear to have holes in it and would 
not work with the collision detection scripts. Once 
the faces had been drawn correctly the final step was 
to perform a relative scale on the model so that it 
would fit within the pin bed footprint. This was due 
to the fact that STL files do not contain any 
information on scale as STL units are arbitrary. 

3.2 Creation of Pin Beds 

The second step was to allow the customer to create 
a number of different pin beds. There were two 
options available within Director to create the beds. 
The first was to build the beds in an external 3D 
modelling environment and then import them into 
Director. This had the advantage that the different 
beds could be quickly called upon with the 3D 
environment, however it had the downside 
increasing the applications size so increasing 
download time. With this is mind the other option 
was chosen, that of making the pin bed from within 
Director itself (see Figure 4). This had the advantage 
of adding very little size to the application only lines 
of code. 
 

 
Figure 4: Creation of Pin Beds. 

3.3 Collision Detection 

Once the 3D model was in place and the pin bed had 
been built, the next stage was to move the pins in a 
vertical vector to their Near-Net-Shape positions.  
To facilitate this, it was necessary to work out which 
pins would hit the model and at what vertical 
position this would happen. It was originally 
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conceived that due to having built a vertex list for 
the STL models, a simple comparison of vertex 
positions to pin positions could have been used. 
However, the STL model could be re-orientated and 
repositioned within the Director application so 
rendering the list irrelevant. The use of collision 
detection was implemented instead. Due to the high 
computational requirements of collision detection, it 
inevitably incurs a ‘cost’. Costs relating to collision 
detection are described by Phelps and Cloutier 
(2003) as being a ’certain level of computational 
complexity relative to the level of accuracy in 
detecting collision. Generally speaking, the more 
precise the accuracy of a given methodology, the 
more computationally intensive the calculation, and 
the larger the drain on the overall program’. To help 
reduce this cost a number of algorithms were used 
simultaneously within the Director environment.  

The first algorithm created a bounding sphere 
around the 3D model, to be used to see which pins 
were directly below the sphere. This was created by 
taking the pixel furthest from the centre of the model 
and using the distance vector as a radius. This was a 
quick way to see if the sphere was directly over a 
pin, if the returned result was negative, then the pin 
was ignored, if it was true, the pin was added to a 
‘hit list’ of pins that required finer detection work. 

 
The second algorithm undertook the finer 

detection work. Taking each of the hit list pins a 
form of spatial partitioning was applied to their top 
faces. The partitioning split the pin head once 
horizontally, and once vertically, dividing the space 
into four quadrants of equal size. If the 3D model 
was detected within one of the quad regions, that 
region was then further subdivided into four more 
quadrants providing a double-level detection zone 
(see Figure 5). For the larger 150mm pins a third 
quad level was introduced to improve accuracy. The 
distance from the pin to the 3D model was then held 
in an array and overwritten if another part of the 3D 
model was closer to that pin, ultimately returning the 
lowest collision distance. This algorithm was then 
repeated for all lower and upper hit list pins to allow 
for the next step of the application to take place. 

 
Figure 5: Quad Partitioning of Pins. 

3.4 Pin Movement 

Once a lower bed and upper bed collision distance 
list had been collated each pin was moved 
accordingly to be in contact with the model. The 
space left was then in-filled with a moulding 
compound, illustrated within the application by a 
solid infill block (see Figure 6). The volume of this 
infill was then calculated and shown to the user 
illustrating the volume of moulding material they 
would need in the real world. This fulfilled the 
original brief of allowing the customer to affect the 
volume calculation outcomes. 

 

 
Figure 6: Solid Infill (Lighter Colour) Between Upper and 
Lower Pin Beds. 
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4 CONCLUSIONS 

The creation of an interactive 3D product simulator 
was undertaken using the most appropriate 
technology available to the author. A number of 
options were examined for each stage of the 
development, which culminated in a single 
application which can be viewed over the web by 
any customer who has the Adobe shockwave viewer.  

Research has shown that interacting with a 
virtual product rather than being exposed to only 
passive information is a superior method in 
influencing customers intentions. Having a 3D 
environment is particularly beneficial to those 
customers who lack knowledge of the product or are 
unable to vividly imagine the technology as it does 
not rely on individuals' self-generated mental 
images.   

The application is presently being piloted by 
Surface Generation who have currently received 
positive feedback on the application.  This has 
enabled them to progress their commercial leads 
with these companies, so fulfilling the marketing 
objective. 

It would be interesting to examine the effect of 
having been exposed to virtual interaction with 
customers post consumption satisfaction. As the 
customer would already be familiar with the 
capabilities and options of the technology, would the 
real-life technology be easier to use and manipulate? 
However it may also result in unrealistic 
expectations, so making Surface Generation’s Near-
net-shape Pin tooling system more complicated and 
frustrating to use. This would be an interesting area 
for further investigation. 
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Abstract 
 
The aim of this paper is to examine 
people’s eye reading patterns on 
technological information presented in 2 
dimensional visual forms.  This is in 
relation to testing the principles of visual 
communication (VC) applied on those 
visual representations and whether they 
obtained a similar (if not the same) 
patterns of recognition as suggested by 
the key emerging principles (KEP) of visual 
communication of technology (VCT) that 
had been derived from a literature review 
(Beh & Norman, 2010).  An eye-tracking 
experiment was designed with an 
evaluation strategy targeted at gathering 
qualitative and quantitative data of reading 
patterns.  The visuals selected for the 
experiment represented a comparison of 
three prepared in the 21st Century where 
there was evidence of their effectiveness 
in communicating technological 
information with visual representations with 
similar purposes and of acknowledged 
quality from the 16th Century.  Five 
participants took part in the study and 
verbal protocols were recorded alongside 
the eye-tracking experiments.  The 
quantitative results concerning eye 
movements and the qualitative indications 
of associated understanding were 
consistent with the KEP derived from the 
literature review. 

Introduction 
 
A literature survey was conducted which 
explored the visual communication of 
technology (VCT) in designing, and 
thereby links to creativity and innovation 
(Beh & Norman, 2009, 2010).  In addition, 
claims of visual communication (VC) as a 
tool to facilitate creative thoughts for 
cognitive modelling, and then resolving or 
obtaining design outcomes were found.  
This complex chain of events has been 
asserted throughout many decades within 
the development of design, technology and 
education (Ashby & Johnson, 2004; 
Baynes, 2009; Carlson & Gorman, 1992; 
Codone, 2005; Curtiss, 1987; Ferguson, 
1993; Finke et al., 1988, 1989, 1992; 
Middleton, 2005; Norman, 1998; Weber et 
al., 1989, 1990, 1992).  However, there is 
little empirical research evidence to 
support these assertions (Beh & Norman, 
2010).  Within the literature search, key 
emerging principles (KEP) of the VCT 
were developed (Beh & Norman, 2009, 
2010; Beh et al., 2010).  The practice of 
VCT, in fact, has been significant since the 
Renaissance, and particularly during the 
industrial revolution.  It has been a key 
communication and concept development 
tool for designers/inventors, engineers, 
clients, manufacturers and others (Baynes, 
2009; Ferguson, 1993; Baynes & Pugh, 
1978).   
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This paper reports empirical evidence, 
which was being sought to validate the 
KEP of VCT from the readers’ 
perspectives using the eye-tracking 
method.  The eye-tracking experiment 
involved comparisons between visual 
representations created in the 21st Century 
with those with similar purposes from the 
16th Century.  All the visuals used in the 
experiment either represented 
acknowledged good practice, or there was 
independent evidence of their 
effectiveness. 
 
Background literature 
 
This section reports two areas of literature 
foci: 1) emergent principles of visual 
communication of technology; and 2) eye-
tracking and its application. 
 
Emergent principles of visual 
communication of technology 
The key emerging principles of VCT were 
derived from Tufte (1990, 1997, 2006) who 
provided a range of comprehensive 
principles and techniques to develop 
effective quantitative and statistical 
graphical visual information; Rand (1971, 
1985) who gave perspectives on graphic 
design for persuasive visual 
communication; Ferguson (1993) who 
presented the history of engineering 
design and visualisation tools; and 
Thomson (1979) who offered graphic 
principles for engineers.   

 
The emergent VCT principles were based 
on common elements identified from these 
authors.  Namely, the representation’s 
capability in facilitating comparison to 
reveal connections and relationships; unity 
of form to accentuate function; precision of 
data to communicate accuracy or truth; 
and all graphical structures should be 
simple in design form, but complex in 
carrying data, in short, the emergent VCT 
principles are: 

 
1. COMPARE > RELATIONSHIP 
2. FORM > FUNCTION 
3. PRECISE > ACCURACY/TRUTH 
4. SIMPLE IN DESIGN; COMPLEX IN 

DATA 
 

Each of these VCT principles can be 
elaborated in relation to two different 
concerns of: 1) technical and technological 
matters; and 2) graphic arts.  The detailed 
elaboration and articulation of the 
established key emerging principles of 
VCT is as illustrated in (Beh et al., 2010).   
 
Eye-tracking and its application 
Many research studies in the advertising 
and design fields have used eye-tracker 
devices to gather extensive data and have 
provided important findings for the 
improvement of the presentation of 
consumer goods.  The eye-tracking device 
allows a large amount of statistical data 
concerning eye movements to be 
obtained.  However, Jacob and Karn 
(2003) emphasised that some common 
details e.g. scanning path, number of 
gazes, percentage of participants fixating 
an area of interest, and time to first fixation 
on target area of interest were interesting 
measures for research, but that they have 
often been overlooked during analysis in 
many studies. 

 
The uses of eye-tracking methods have 
made possible the close examination of 
the conscious and unconscious gaze 
movement of a respondent in visual 
system research (eyetracker.co.uk; 
system-concepts.com).  The human visual 
system starts with eye movements, which 
are linked to perceptual systems; it is the 
close relation of these movements to 
attentional mechanisms, saccades that 
can provide insight into cognitive 
processes, e.g. language comprehension, 
memory, mental imagery and decision 
making (Richardson & Spivey 2004: 2).   

180

Beh, Badni & Norman



 
  

 

 

Visual systems research in the areas of 
advertising and design commonly focus on 
the consumers’ behaviour, particularly on 
commercial messages for products.  This 
is supported by Richardson and Spivey 
(2004: 17) as they suggested that eye-
movement behaviour of consumers can 
determine immediate perceptual factors 
and decision-making processes.  
Richardson and Spivey (2004: 15) cited 
early empirical findings from Perky (1910), 
Clark (1916), Stoy (1930), Goldthwait 
(1933) and Totten (1935) that the 
frequency of eye movements increases 
during mental imagery.  In addition, their 
recent work suggests that eye movements 
were related to both memory of specific 
perceptual experience and cognitive acts 
of imagination (Richardson & Spivey 
2004:15).  Levy-Schoen (1983: 66) 
emphasised, ‘to the extent that eye 
movements are reliable correlates of the 
sequential centring of attention, we can 
observe and analyse them in order to 
understand how thinking goes on.’  The 
use of eye-tracking for design-based 
research by Fischer et al. (1989), Pieters 

et al. (1999), Russo and Leclerc (1994), 
Malach et al. (2005), and many other 
works reported in Jacob and Karn (2003: 
582-584) were founded on similar grounds; 
namely the correlation of eye movements 
and visual perceptual systems. 

 
The eye-tracking metrics (Figure 1) could 
provide useful guidelines for evaluating 
reading-patterns of visual information; and 
subsequently, the effectiveness of the 
applied VCT principles on those visuals. 
 
For this research study, these types of 
eye-tracking data have been used to trace 
the eye movements involved during 
reading and comprehending technological 
visual information.  The aspect of capturing 
the message-perceptions associated with 
the visual information was accomplished 
using the conventional research methods 
of questionnaires and interviews.   
 

 

   (+) 1. Frequency of gaze (number of fixations) on each area 
of interest > reflect the importance of that area/element 
of display 
 

 (+) 2. Scanpath (sequence of fixations) and transition 
probability between areas of interest > can indicate the 
efficiency of the arrangement of elements in the visual 
surface 
 

 
+ 

(-) 3. Duration of fixation (gaze duration) > longer fixations 
reflect difficulty in extracting information from display 
 

+         + 
+        +          + 

+          + 

(-) 4. Number of fixations (at overall visual surface) > reflect 
poor display of visual elements 
 

 
Figure 1. Eye-tracking metrics (adapted from Jacob & Karn 2003: 585; Josephson 2000: 64) 

+   +   + 
    +    + 
+   +    + 

+   +   + 
    +    + 
+   +    + 
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Validating the key emerging principles 
through eye-tracker research 
 
The eye-tracking experiments allow the 
key emerging principles (KEP) derived 
from literature describing the intentions of 
the originators of the visuals to be 
validated against the interaction as 
experienced by a reader.  The eye-tracker 
allows the researcher to find out whether 
what a person sees and has understood 
could confirm the effectiveness of certain 
visuals, particularly for those where there 
is evidence that they represent good 
practice, either in the past or in current 
situations. 
 
The selection of the visual 
representations for the experiment  
 
A total of 6 representations were selected 
for this viewing experiment.  These 6 
visuals comprised: 3 from historical 
evidence (Besson, 1578; d’Ocagne, 1862; 
da Vinci, 1500) taken as good examples 
from Ferguson (1993); and another 3 from 
current representations which have shown 
some evidence of effective impact in 
communication (Storer, 2005; Lofthouse & 
Bhamra, 2005; Beh & Norman, 2009), as 
shown in Table 1.   

 
These visual representations were 
selected because they supported 
designing and innovation, and they could 
be put into the three categories of VCT 
principles: 1) Compare > Relationship; 2) 
Form > Function; 3) Precise > Truth.  
Figures A and B (Table 1) were selected 
with the intention of allowing the viewers to 
compare relationships and the interaction 
between humans and technologies, which 
communicate extensive messages about 
products, processes, proportions, 
materials, etc.  Figures C and D (Table 1) 
were selected based on their ultimate use 
as aids or tools to guide further design 
decisions.  Figures E and F (Table 1) were 

selected for the means of communicating 
designed or studied details, informing 
about extensive technological aspects or 
features for further understanding and 
inspiration purposes.    

 
Methodology 
 
The experiment was set up using an eye 
tracker device that attached to a bicycle 
helmet and was connected to a computer 
workstation, LCD projector and a laptop, 
as shown in Figure 2.  The selected 6 
visuals were shown via PowerPoint slide 
projection on the wall screen for scanning.  
The scanning process was recorded for 
capturing individual’s visual reading 
patterns, and hence testing the principles 
of VCT applied on those representations.  
This visual test only requires the viewers to 
respond to what they have seen and 
describe what they have understood from 
the visuals.   
 
The 6 visuals were put into 3 sets for the 
research study.  They were:  
 
1. Visuals without language explanation; 
2. Visuals with language explanation 

(accompanied by captions and 
interview prompts);  

3. Visuals placed in 3 pairs for 
comparison. 

 
The recording system involved a small 
camera device and an audio recorder.  
The audio device recorded the interview 
prompts and responses; whilst, the camera 
that attached to a bicycle helmet was put 
on the viewer, and was calibrated for every 
individual’s eyes.   

 
Participants remained anonymous in all 
published outcomes; however, some 
personal details were gathered for 
research data, particularly the participant’s 
academic background/ prior knowledge, 
cultural background, age and gender 
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groups, as these factors may or may not 
influence the research outcomes.  
Loughborough University’s ‘Ethical 
Clearance Checklist, Briefing and Consent 
for Participants’ procedures were followed. 
 
First set of experiments – visuals 
without language explanation 
Participants were asked to describe what 
they “see” in each of the 6 visuals 
projected.  Some guiding questions (Figure 
3) were drafted to use as prompts during 
this set of tests, in case, for example, the 
researcher needed to determine or clarify 
why viewers were looking at some spots 
but not others, or have a particular pattern 
of descriptive results.  However, these 
questions were not used as the 
participants’ responses seemed quite 
sufficient and clear for the analysis of this 
aspect of the study.  They are included 
here in order to clarify its scope. 
 
Second set of experiments – visuals 
with language explanation 
(accompanied by captions and 
interview prompts) 
Participants were asked to describe what 
they “understood” in each of the same 6 
visuals projected, only this time captions 
were added to the visuals.  Additionally, 
some semi-structured questions (Table 2) 
were used as prompts during the 
scanning.  This was to help those 
participants who needed some hints to 
help them describe what they have seen 
and understood, what they were not so 
clear about, or what they have not yet 
stated in the first set of experiments.  The 
semi-structured questions were based on 
four focus areas: 1) Obvious message; 2) 
Obvious details; 3) Hidden or 
interpreted details; and 4) Interpreted or 
inspiration message.  The questions 
correspond to the visuals as illustrated in 
Table 2. 
 
 

Third set of experiments – visuals 
placed in 3 pairs for comparison 
After viewing the individual images, the 
same 6 visuals from the second set of 
experiment were placed in 3 pairs for 
comparison.  This was intended to allow 
the participants to have another chance to 
compare the similar relationships or 
intentions of each set of representations, if 
they had not seen the relationship in the 
first place.  The participants were asked to 
describe any similarities in the ways these 
pairs of images communicated. 
 
Samples and recordings 
 
Five participants (P) completed the piloted 
eye-tracking experiment.  Their academic 
backgrounds were: Design and 
Technology (P1); Materials Sciences and 
Engineering (P2); Art and Design/Fine Art 
(P3); Industrial Engineering (P4); Industrial 
Design (P5).  They were a purposive 
sample in that they represent particular 
academic categories of students.  They 
were also selected for their different 
cultural backgrounds in terms of where 
they grew up: two from the UK; one from 
Cyprus; one from Singapore; one from 
Mexico; and they were asked for their 
learning preferences for an initial 
comparative study.   

 
During the experiment, 2 of the 
respondents’ recordings were captured 
with some missing eye-scanning statistical 
data.  Therefore, it was not possible to 
generate the scanning path patterns.  
However, the raw sources of eye-tracking 
video (with eyes fixations), and the 
descriptions of what they have seen and 
perceived were safely recorded and these 
data can still be used for further analysis.  
The other 3 respondents’ recordings were 
successfully and fully captured, and were 
able to be used for the full scanpaths 
analysis. 
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(have evidence of effective impact 
in communication) 

Historical evidence  
(Ferguson, 1993) 

1 
C

O
M

PA
R

E 
> 

R
EL

A
TI

O
N

SH
IP

 

 C
om

pa
rin

g 
re

la
tio

ns
hi

ps
 a

nd
 in

te
ra

ct
io

n 
  

 b
et

w
ee

n 
hu

m
an

s 
an

d 
te

ch
no

lo
gy

;  
 c

om
m

un
ic

at
in

g 
ex

te
ns

iv
e 

m
es

sa
ge

s 
ab

ou
t  

 p
ro

du
ct

s,
 p

ro
ce

ss
es

, p
ro

po
rti

on
s,

 m
at

er
ia

ls
,  

 e
tc

. 

 

 
 

 
(A) Sustainable design poster 
(Storer, 2005) 

 

 
(B) Manual up-and-down sawmill 
Jacques Besson, 1578 (Ferguson, 1993:79) 
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(C) Ecodesign web for isotonic drink 
bottle concept 
(Lofthouse & Bhamra, 2005, adapted from 
the LiDS-wheel, Hemel, 1995) 

 

 

 
 
 
 
 
(D) Nomogram 
Maurice d’Ocagne, 1862 (Ferguson, 
1993:151) 
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(E) Kite-Info-Poster 
(Beh 2009, adapted from Key Stage 3 (for 
11-14 year olds) Kite Resource Pack, 
Norman & Cubitt, 1999) 

 

 
 

(F) Ratchet device 
Leonardo da Vinci, 1500 (Ferguson, 
1993:88) 

    
Table 1. Six visuals for the eye-tracking experiment 
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(A) Sustainable design poster  
(Storer, 2005) 
 

(B) Drawing of A Sawmill Machine 
 
(Image now in the public domain; 
Besson, J., 1578, Theatre des 
Instrumens Mathematiques et 
Mechiniques, pl. 14; reproduced in 
Ferguson, 1993, p. 79;  
used with permission of MIT Press) 

185

Eye-tracking experiment



 
  

 

 

 

 

 

 
 
 
 

  
 
 
 

(C) Ecodesign web for isotonic 
drink bottle concept  
 
(Lofthouse & Bhamra, 2005, 
adapted from the LiDS-wheel, 
Hemel, 1995) 
 

(D) Nomogram, A Mathematical 
System, Maurice d’Ocagne 1862 
 
(image now in the public domain; 
Vierck, C. J., 1958, Graphic Science, 
p. 647; used with permission of 
McGraw Hill; reproduced in 
Ferguson, 1993, p. 151) 
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(E) Kite-Info-Poster (Beh 2009, adapted from Key Stage 3 (for 11-14 year olds) Kite Resource 
Pack, Norman & Cubitt, 1999) 
 

 

  
 
(F) Exploded And Extended Drawing of Ratchet Device, da Vinci 1500 
 
(image now in the public domain; 1973-1975,  11 Codice Atlantico, vol. 9, p. 808; reproduced in 
Ferguson, 1993, p. 88; used with permission of MIT Press) 
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Figure 2.  Layout of the eye-tracking experiment  
 

 
Possible questions for interview prompt – Set 1: 
 
Questions related to “Spotting” 
You seem to scan back and forth a few times from spot A to spot B,  

1. Can you explain why you did that? 
2. What were you thinking at that moment? 
3. What have you gained/understood from that spot? 
4.  Is the action of looking back and forth helping you to understand more/the 

message? 
 
Questions related to “Duration” 
You have stared at a spot for quite some time, 

1. What have you seen? 
2. What were you trying to understand? 
3. Is there any other message you think it might imply? 

 
Questions related to “Sequence” (Scan path) 
You have read the poster from e.g. right to left (a certain pattern), 

1. Can you explain why you did so? 
2. I’ve noticed that you have changed the pattern of reading the visual, please 

describe your findings after doing so. 
 
 
Figure 3  Semi-structured questions for the interview prompts – Set 1 
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Eye-tracking results 
 
The intention of the eye-tracking is to 
confirm that what the participants said was 
in agreement with what were they have 
viewed and the images they have 
processed in their mind’s eye to 
understand the messages.   

 
Figure 4 is the raw video recording 
sources of the participants’ viewing 
scanpaths.  Dots and lines on the images 
(Figure 4) are the scanpath traces, 
indicating the eyes’ movements over the 
area of interest (AOI).  These raw sources 
were difficult to analyse as the movements 
were all in milliseconds, making it too fast 
to simply observe the differences while 
viewing.  Thus, the video sources were 
transferred into snapshots and captured in 
a frame-by-frame format (Table 3), in order 

to identify the respondents’ eye 
movements, patterns and their fixations on 
the AOI.  These representations of the 
scanpaths were then analysed in parallel 
with the respondents’ protocol transcripts.  
The time spent in understanding the visual 
messages and the prompted questions are 
also shown together with the analysis in 
Table 3. 
 
 

 
 
 
 
 
 
 

                             
                          Visual-A Video Clip                     Visual-B Video Clip 
 
                          Figure 4.  Pair 1 – participants’ eye-tracking scanpaths 
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Visual-A from participant 3 (P3): 
 
Prompts (P):  
P1.1   What is the message of this poster? 
P1.2   What are the main stages of the life cycle of a product? 
P1.3   What are some of the key strategies to improve the environmental performance? 
P1.4   Does this poster inspire you in some way? How? 
 
Findings: Scanpaths, Areas of Interest with Protocol Transcripts 
 

Participant’s responses	  Area of Interest (AOI)	   Scanpath Frames	   Prompts 
(P)	   sec	   descriptions	  

1.
 H

um
an

 o
n 

sk
at

eb
oa

rd
 

 

 

  
0-8 

 
I see a boy on a 
skateboard and… 

2.
 D

is
sa

se
m

bl
y 

 

 

   
…another thing 
below him 

3.
 B

an
ne

r &
 C

ar
 

 

 

  
9-25 

 
Behind him is a 
car that is going 
quite fast, and 
another car, then 
there is a banner 
or finishing line 
with another 
skateboard 
indicated. 

4.
 R

ec
yc

le
/R

eu
se

 

 

 

  
26-
48 

 
Oh, there is a 
recycling box, a 
representational 
cycle or recycle of 
some kind. 

Table 3. The analysis of scanpaths, AOI and protocol transcripts for visual-A of P3 
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Participant’s responses	  Area of Interest (AOI)	   Scanpath Frames	   Prompts 
(P)	   sec	   descriptions	  

5.
 P

ro
du

ct
io

n	  

	  

	  

	    
52-59	  

 
Ah...ok, so we 
have a factory, 
which has…	  

6.
 R

aw
 M

at
er

ia
l	  

	  

	  

	   	    
... raw materials 
delivered to it.	  

7.
 D

es
ig

n 
	  

	  

	  

	    
1:00-
1:08	  

 
Right at the back 
of the road there 
is a design 
center.	  

	  

	  
	  

	    
1:09-
1:19	  

 
I guess, what I 
am seeing is a 
journey of a 
product, but there 
are 2 products, a 
sketeboard and a 
car.	  

 
Table 3. (continued) 
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Participant’s responses	  Area of Interest (AOI)	   Scanpath Frames	   Prompts 
(P)	   sec	   descriptions	  

 

  P1
.2

   
W

ha
t a

re
 th

e 
m

ai
n 

st
ag

es
 o

f t
he

 li
fe

 c
yc

le
 o

f a
 

pr
od

uc
t?

 
 

 
29 

 
It is about product 
design,… 

 

  

  ...then is 
manufactured for 
more materials, 
which shows 
consumer 
resources like 
fuels, produces a 
mission, the 
products were then 
used and during its 
useful life,… 

 

  

   
...disassemble and 
recycle. 

 

  P1
.3

   
W

ha
t a

re
 s

om
e 

of
 th

e 
ke

y 
st

ra
te

gi
es

 to
 im

pr
ov

e 
th

e 
en

vi
ro

nm
en

ta
l 

pe
rfo

rm
an

ce
? 

 

 
14 

 
Fuels efficiency, 
also the materials 
that can be reuse 
and where they 
sourced from. 

 
Table 3. (continued) 
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Pair-1 (visuals A & B) results and their 
links to VCT principles 
 
The initial in-depth visual analysis being 
reported here only covers the first pair of 
visual representations (one from the 
current practice; another from the 16th 
Century example) of 3 participants.  A 
similar and consistent pattern of the 

sequence of eye fixations between AOI 
was shown amongst the 3 respondents.  
Table 4 displays the sequential pattern and 
duration of their eyes’ fixations on certain 
AOI.  This demonstrates the respondents’ 
actual reading patterns of visual 
information.   
 

 
Findings: sequence of eye fixations on AOI 
 

AOI SEQUENCE & FREQUENCY CHART VISUAL/AOI 
Participant 1 (P1) 

 
 

 
Visual-A 

 

 
 
 
 

  

 
 
 

 
Visual-B          

    

 
 
 
 

 

 
Table 4. Pair 1: Three participants’ eye-tracking sequence chart 

Findings: sequence of eye fixations on AOI 
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Pair-1: The journey and patterns of 
reading visual-A (analysed from Table 4) 
• All 3 respondents first fixed their eyes 

on the human figure (the boy), and 
then to the objects, initially those 
nearest and gradually moved 
outward. [Note: Production factory; 

car with the banner; disassembly 
tools; and recycle/reuse box are the 
4 AOI that circled the boy on 
skateboard.  The further away AOI 
are raw materials and design 
buildings 

 
 
 

 

AOI SEQUENCE & FREQUENCY CHART 
Participant 2 (P2) Participant 3 (P3) 
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• Two of them (P1 & P2) looked at the 
production factory right after fixing 
their eyes on the boy with the 
skateboard, following by scanning 
through the raw material and design 
buildings. 

 
• One of them (P3) scanned through 

the disassembly tools and 
recycle/reuse box right after fixing 
their eyes on the boy with the 
skateboard, and then briefly fixed her 
eye on the car and production factory, 
and later scanned through the raw 
material and design buildings. 

 
• All 3 respondents showed significant 

patterns of repeatedly looking back at 
the boy on the skateboard and the car 
with a banner when they recognised 
that the poster is about the life cycle 
of two products (referring to the 
respondents’ protocol transcripts, and 
the analysis shown in Tables 3 & 4).  
[Note: They were able to identify that 
the poster is about two products: the 
boy’s skateboard and the car behind 
the boy.] 

 
• The scanpaths sequence chart (Table 

4) depicts that the ‘Human on 
Skateboard’ and ‘Banner & Car’ are 
the most frequent AOI that all 
participants looked back and made 
reference to.  [Note: This pattern 
suggests that the viewers were trying 
to make connections between the two 
main characters of the poster, and 
subsequently they were referring to 
other AOI/objects around these two in 
order to find further obvious or hidden 
messages.] 

 
 
 
 

Pair-1: The journey and patterns of reading 
for Visual-B (analysed from Table 4) 

• The starting point of fixations on the 
AOI for all 3 participants was slightly 
differing in Visual-2.  However, all 3 of 
them recognised that the key visual 
elements of this illustration (Visual-B) 
are about the machine and its 
operation.  Thus, they either looked 
first at the machine or the human 
figure (the operator). [Note: The main 
visual elements of this illustration are 
the machine and the operator; 
however, the researcher divided the 
AOI based on several key devices of 
the machine for tracking details of the 
studied visual.]  

 
• P1 began the eye fixation on the AOI 

of ‘Wheel & Pedal’ (the operator’s foot 
is on the pedal of the machine’s 
wheel); P2 started with the AOI of 
‘Operator/Human’; and P3 looked at 
the ‘Pulley/Levers/ Blade/Pendulum’ 
as the first AOI (the operator’s hand is 
pulling the handle that links to the 
pulley which operates the levers, 
blade and pendulum).  [Note: 
Although the participants did not start 
at the same point of the detailed AOI, 
they did show similar patterns of 
making comparison and connections 
to those shown for Visual-A.  The 
scanpaths showed them looking for 
links between the human and objects 
(parts of the machine in Visual-B).  
Initially those AOI nearest to the 
human were scanned and then the 
participants gradually moved 
outwards, as the device parts they 
looked at first were those connected 
to either the operator’s hand or foot.] 
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• The AOI of ‘Operator’ and 
‘Pulley/Levers/Blade/Pendulum’ 
were the most frequent AOI that all 
participants looked back and made 
reference to (sequence chart of 
Visual-B, Table 4), second 
frequent AOI was ‘Wheel & Pedal’.  
[Note: These AOI are immediately 
linked to the operator.] 

 
The comparison of the similarities for 
pair-1 (visuals A & B) 
The interpretation at this section is based 
on Tables 5, 6 and 7.  Tables 5 and 6 
illustrate the messages perceived by the 3 
participants, either from what they have 
understood or interpreted, in relation to the 
AOI from their scanpaths.  Table 7 shows 
the 5 participants’ understanding/ 
interpretation of the messages with the 
time of the descriptions within the protocol.  
The data were drawn from the protocol 
transcripts.  

 
All 5 respondents (3 with full records of 
visual recordings and analyses, and 
protocol transcripts; 2 with only raw visual 
sources and protocol transcripts) agreed 
that both visuals tell the story of product(s) 
and their associated technologies or 
processes (Table 7).  Three of them (non-
engineering background) emphasised that 
both visuals use human depictions as a 
reference to provide messages about the 

product(s) depicted, e.g. reference to 
some sort of dimensions, processes 
involved and/or functions of the products in 
relation to the environment o  r technology 
around them (Tables 5 – 7).  Overall, the 
representations were reported as providing 
perspectives of messages or stories 
relating to the content of the visual 
information; where the human becomes 
the centre point for the readers to connect 
and explore relationships to the 
surrounding AOI.  Thus, the human figure 
provides a starting or reference point for 
the readers.  
 
Pair-2 (visuals C & D) results and their 
links to VCT principles  
An in-depth visual analysis (as of what the 
viewers actually ‘see’) for 3 respondents 
as in pair-1 analysis has not yet been 
completed.  However, this section will 
report the findings of 5 participants, based 
on their protocol transcripts (as of what 
they ‘said’ and ‘understood’) of visuals C 
and D (refer to Tables 1 or 2), and simple 
observation from the raw data of eye-
tracking.  Similar and consistent patterns 
of searching for a form of matrix were 
demonstrated amongst the 5 respondents. 
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Understood/interpreted message 
No. AOI 

Participant 1 (P1) P2 P3 
All 3 participants pointed out that they were 1st looking at the person/boy and recognised 
that he was on a skateboard.  

 
1. 

 
 

 

Participants 1 and 3 
recognised the skateboard as 
one of the product designs 
described; linked its longer 
life cycle compared to the car 
(when linked to AOI ‘Car’); 
and it is better for the 
environment during use and 
later for recycling (linked to 
AOI ‘Recycle/Reuse’). 

 
Participant 2 compared 
the skateboard and the 
car in term of the 
distance and energy 
used to travel. 

Participants 1 and 3 
recognised the skateboard 
as one of the product 
designs described; linked its 
longer life cycle compared to 
the car (when linked to AOI 
‘Car’); and it is better for the 
environment during use and 
later for recycling (linked to 
AOI ‘Recycle/Reuse’). 

 
2. 

 

 
All 3 participants recognised this AOI as a production place; where all the raw materials, 
disassembly and recycle/reuse of the materials took place (when linked to AOI ‘Raw 
Materials’; ‘Disassembly’; ‘Recycle/Reuse’).  

 

 

 
All 3 participants linked these AOIs to the design and production of better resources for the 
products’ useful lives or their life cycles. 

  
3. 

 

 
Participants 1 and 3 
recognised this AOI as a 
design centre/school. 
 
 
 
 

 
Participant 2 recognised 
this AOI as a modern 
building and implying 
future direction/strategy 
for renewable materials 
or energy. 

 
Participants 1 and 3 
recognised the AOI as a 
design centre/school. 

  
4. 

 

 
All 3 participants recognised that the 2 main AOIs provide the message about the life cycle 
of the 2 products; and renewable/reusable materials (when linked to the AOI ‘Raw 
Materials’). 

5.  

 

 Participants 2 and 3 linked these AOIs as a message 
concerning the source of reusable materials, fuels or 
energy efficiency. 

 
Table 5. Sequence of key connections in the scanpaths for visual-A (3 participants) 
 
 
 
Table 5. Sequence of key connections in the scanpaths for visual-A (3 participants) 
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Understood/interpreted message 
No. AOI 

Participant-1 Participant-2 Participant-3 
1. 

 

 
All 3 participants comprehended that the operator (human) is pulling 
something to operate the machine, and then pushing the wheel with his leg to 
move the wood on the conveyor belt.  

2. 

 

 
All 3 participants recognised that these 3 AOIs are the basic elements/tools 
for the machine. 

 
All 3 participants recognised that the elements/tools at this AOI would be 
moving up-and-down when the operator pulled the handle. 

3.  

 

  
Participant-3 recognised 
this AOI contained a 
saw to cut the wood 
when it moves up-and-
down. 
 

4. 

 

 
All 3 participants were comparing the human and the whole machine while 
being asked what needed to be considered if they were to build the machine.  
They were agreed on what the size of the machine must be in relation to the 
size of the human. 
 

 
Table 6. Sequence of key connections in the scanpaths for visual-B (3 participants) 
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Pair 21th Century Visual Tools 16th Century Visual Tools 
 

1 
 

(A) 

 

 
(B) 

 
Responses 

P1 Both have human; both shown via 3D drawing; both tell a story or action about process 
and function or operation (60 sec). 

P2 Both show technology in time 1) with high-tech and 2) manual-tech (65 sec). 
P3 Both are diagrammatic representations, employed perspective; both use human figures 

to demonstrate the proportions; giving a perspective of the content (100 sec). 
P4 Both show the process of producing something or showing a physical transformation of 

something (28 sec). Pa
rt

ic
ip

an
t (

P)
 

P5 Both are diagrammatic drawings that have humans involved, showing some hand-on and 
describing an overall process (66 sec). 

 
2 

 
(C) 

 

 
(D) 

 

 

 

Responses 
P1 Both are the means of measures or comparison between products; both can plot points 

to figure out something 1) to see its efficiency and 2) of some data for calculating size; 
both like a graph (34 sec). 

P2 Both give a clear form of matrices with precise scales 1) colour legend with 
criteria/elements and 2) numbers (115 sec). 

P3 Both are graphics with scales 1) with text element/label as scales and 2) quantified matrix 
(53 sec). 

P4 Both are tools to make measure of a product or engine; both have measurements 1) by 
descriptions 2) by numbers (20 sec). 

Pa
rt

ic
ip

an
t (

P)
 

P5 Both diagrams are representing ideals of something through drawing points or lines to 
find out information (27 sec). 

 
Table 7. Verbal protocol for the comparison of 3 pairs of visuals (5 participants) 
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Pair	   21st Century Visual Tools	   16th Century Visual Tools	  
 
3	  

 
(E)	  

	  

 
(F)	  

	  
Responses	  

P1 Both are informative illustrations, explaining how things work; how things 
being put together (28 sec). 

P2 Both are for assembly of products; provide details and criteria (56 sec). 
P3 Both communicate through diagrams, which illustrate forms and how to build 

an objects; and how the object would works; provide different views/sections 
about the objects; show the purpose; show the dynamic and function; 
ultimately, about how to build and the design of product (112 sec). 

P4 Both are visuals to make us see the truth of making something 1) kites and 
2) a mechanism to carry weight; Both provide details just that 1) with theory, 
details and measurements and 2) precise visual details on how it works just 
without measurements (46 sec). 

Pa
rt

ic
ip

an
t (

P)
	  

P5 Both tell us how to make something; giving lots of details on how they work 
(48 sec). 

 
Table 7. (continued) 
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The comparison of the similarities for 
pair-1 (visuals A & B)  
The interpretation at this section is based 
on Tables 5, 6 and 7.  Tables 5 and 6 
illustrate the messages perceived by the 3 
participants, either from what they have 
understood or interpreted, in relation to the 
AOI from their scanpaths.  Table 7 shows 
the 5 participants’ understanding/ 
interpretation of the messages with the 
time of the descriptions within the protocol.  
The data were drawn from the protocol 
transcripts.  

 
All 5 respondents (3 with full records of 
visual recordings and analyses, and 
protocol transcripts; 2 with only raw visual 
sources and protocol transcripts) agreed 
that both visuals tell the story of product(s) 
and their associated technologies or 
processes (Table 7).  Three of them (non-
engineering background) emphasised that 
both visuals use human depictions as a 
reference to provide messages about the 
product(s) depicted, e.g. reference to 
some sort of dimensions, processes 
involved and/or functions of the products in 
relation to the environment or technology 
around them (Tables 5 – 7).  Overall, the 
representations were reported as providing 
perspectives of messages or stories 
relating to the content of the visual 
information; where the human becomes 
the centre point for the readers to connect 
and explore relationships to the 
surrounding AOI.  Thus, the human figure 
provides a starting or reference point for 
the readers.  
 
Pair-2 (visuals C & D) results and their 
links to VCT principles  
An in-depth visual analysis (as of what the 
viewers actually ‘see’) for 3 respondents 
as in pair-1 analysis has not yet been 
completed.  However, this section will 
report the findings of 5 participants, based 
on their protocol transcripts (as of what 
they ‘said’ and ‘understood’) of visuals C 

and D (refer to Tables 1 or 2), and simple 
observation from the raw data of eye-
tracking.  Similar and consistent patterns 
of searching for a form of matrix were 
demonstrated amongst the 5 respondents.   
 
Pair-2: Initial findings for visual-C  
An initial observation demonstrated that all 
5 participants read the sub-title from the 
very top, then focused on the web 
(coloured rings/circles), following by 
reading the other 6 sub-titles and text 
around the web that has added axis lines 
that point to the sub-titles (lines in Figure 
5). Subsequently, these 5 participants 
focused back to the centre of the web and 
the scanning move outwards (as indicated 
by the dashed arrow in Figure 5), in 
between there were several fixations (dots 
in Figure 5) at different colours of the rings.  
This observation will be further analysed 
using the same strategy as in the analysis 
of pair-1, which will be drawing out the 
detailed scanpath patterns from the raw 
eye-tracking data. 
 

 
 
Figure 5. Eye-Tracking Scanpath 
Visual-C (P3) 
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Pair-2: Initial findings for visual-D  
An early visual analysis showed that all 5 
participants clearly recognised the 3 scales 
in the diagram of Visual-D (Table 7), 
meaning that they recognised the 'unity of 
form' of the diagram.  However, their 
reading paths seemed slightly differently. 
One participant scanned more on the left 
vertical scale, and less on the centre 
diagonal and right vertical scales; 3 
participants paid even attention to all the 3 
scales; 1 participant focused on the left 
vertical and central diagonal scales, but 
not the right. Subsequently, 3 participants 
scanned the diagram in a smooth 
sequence that has fixations on the left, 
centre, then to the right scale in a diagonal 
direction (from top left to lower right, 
shown by the dashed arrow in Figure 6).  
But, the other 2 participants were still 
scanning in a scattered or unsystematic 
manner.  The understanding of the 
diagram in terms of recognising the 
‘function’ with or without language guide 
was: 

 
 

1. Two of the 3 female participants 
could not recognise immediately 
the 'function' pattern of the scales 
without the language guide; 

 
2. One of the 3 females and both 

male participants could read the 
function aspect immediately without 
the language guide (overall, 3 out 
of the 5 participants’ understood 
immediately the key 'unity of form' 
and its 'function'). 

 
The comparison of the similarities for 
pair-2 (Visuals C & D) 
The early observation of the 5 respondents 
revealed that they all were able to identify 
the pair-2 visuals as forms of tool or matrix 
for calculating and making precise 
decisions for something (Table 7).    
 
Pair-3 (visuals E & F) results and their 
links to VCT principles  
This section also reports the initial findings 
of 5 participants, based on their protocol 
transcripts of the visuals E and F, and the 
direct observation of the raw eye-tracking 
data.  A similar and consistent pattern of 
looking for a whole depiction, and then 
exploded details, followed by enlarged 
details in both visuals E and F were found 
for all 5 respondents.   
 

 
 
Figure 6. Eye-Tracking Scanpath 
Visual-D (P3) 
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Pair-3: Initial findings for visual-E  
An early analysis reveals that all 5 
participants were scanning from the red 
poster, then moved to the blue poster. In 
the blue poster they viewed from top left 
section, and then to top right, lower left 
and finally to lower right (highlighted by 
dashed arrow in Figure 7).  The red poster 
is about the overall concept and basic 
structures of kites; and the blue poster is 
about technological and detailed 
information regarding kite-forces, kite-
balancing, kite-centre-of-gravity, and kite-
troubleshooting.  All descriptions from the 
5 participants were very similar: visuals 
that provide detailed information about 
kite-making (an overall or obvious 
message of these posters).  Also, they 
were able to describe detailed information 
from each section. 

Pair-3: Initial findings for visual-F  
An early analysis reveals that all 5 
participants were scanning from left to right 
(indicated by dashed arrow in Figure 8), 
which were from an overall image of a 
device to detailed parts and enlarged 
details of the device. 
 

The comparison of the similarities for 
pair-3 (visuals E & F) 
The early observation of 5 respondents 
revealed that they were all able to identify 
the pair-3 visuals as illustrations of 
technological information, explaining how 
things work or are put together; providing 
various details of product or product-
making (Table 7).    
 

 

 
 
Figure 8. Eye-tracking scanpath for 
visual-F (P2) 
 

 
 

 
 
Figure 7.  Eye-Tracking Scanpath 
Visual-E (P1)  
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Discussion 
 
The eye-tracking findings showed that 
what was said by the participants was 
consistent with their scanning of the 
visuals and what they understood from 
them (Tables 3 – 7).  Key emerging 
principles (KEP) of visual communication 
of technology (VCT) seem identifiable from 
the scanning paths’ patterns and the 
indicated behaviours (as shown by the 
analyses based on Tables 3 – 7), and this 
could confirm the VCT principles derived 
from the literature review.  The eye-
tracking investigation revealed that: 
 
• Pair-1: The participants’ 

reading/eye-scanning behaviours 
were quite similar (Tables 4, 5 & 6), 
which were to ‘compare’ the 
interaction between humans and the 
surrounding technological 
information to reveal connections 
and the ‘relationship’ of the 
extensive messages about the 
products, processes, proportions, 
and materials.  This supports the 
hypothesis within the first KEP of 
VCT (1st KEP of VCT = COMPARE 
> RELATIONSHIP). 
 

• Pair-2: The early observation of 
these 5 respondents’ scanning 
patterns from the raw data and the 
protocol transcripts demonstrated 
that the viewers were trying to 
understand the 'form meaning' (or 
comprehending the form unity) 
within the coloured web and the text; 
later to search for 'functionality' of 
the web (eg what the coloured rings 
represent).  All respondents 
described that they were able to 
understand the coloured rings’ 
function as a form of matrix/ 
scheme, accentuating different 
levels of good or bad in order to 
support sustainable design analysis. 

 
• Pair-2: A significant similarity in 

terms of scanning patterns of the 
matrices in the 2 diagrams (Visuals 
C & D) was recognised, even though 
one uses a colour scale and the 
other uses number scales.  In terms 
of functionality, there was no doubt 
that the additional language guide 
provided better comprehension of 
the form.  The circular scale was 
viewed from the centre to the outer 
ring; whereas, the linear sale was 
viewed from top left to lower right.  
These scanning patterns were the 
same for all 5 participants (although 
2 of them took a longer time to 
capture this scanning pattern).  The 
current analysis indicates that the 
viewers were trying to understand 
the 'form meaning' (or 
comprehending the form unity); and 
later search for 'functionality'.  This 
matches the 2nd KEP of VCT (FORM 
> FUNCTION).   
 

• Pair-3: The pattern of the 5 
participants’ reading of visual 
information could be interpreted as if 
they were searching for 'precision' of 
details after knowing the whole 
concept or idea of a thing, so as to 
understand the 'truth' or accuracy of 
information, and this suggests 
support for the 3rd KEP of VCT 
(PRECISE > TRUTH).  However 
further detailed analysis is needed. 
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Conclusion 
 
• The eye-tracking pilot experiment 

showed that the data collection 
methodology works, and provided 
intriguing quantitative and qualitative 
data for analysis. 
 

• The initial eye-tracking results 
provided significant patterns that 
were relevant to the validation of the 
key emerging VCT principles 
established from the literature 
review. 
 

 
 

• The experimental results also 
provided some further explanation 
concerning the evidence of some 
effective impacts of visual 
communication concluded in the 
earlier case studies (Storer, 2005; 
Beh & Norman, 2009) for the 3 
current visual samples and the 3 
historical examples of good practice 
in the VCT.  
 

• The statistical data needs further 
analysis in order to establish 
whether it can fully support what has 
been asserted and found in 
literature, evidence obtained from 
the case studies, and the visual 
analysis from the eye-tracking 
experiment. 
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different working practices
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virtual reality artwork
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Abstract

This paper describes the collaboration process between
a fine arts sculptor and a virtual reality (VR) designer
resulting in the sculptor being able to autonomously
produce a VR art exhibition. The two different creative
methodologies are reviewed through interviews, obser-
vations and reflections. The development of the installa-
tion is recorded describing the decisions made and
methods used to enable the sculptor to remain indepen-
dent during his creative endeavour.

Keywords: virtual reality, VRML, design method-
ologies, working practices, artist, artist’s toolkit

1 Introduction

Jo Fairfax is a successful sculptor who has an estab-
lished international reputation for his public
artwork and in particular his holography work. He
was awarded a Nesta fellowship to develop virtual
reality (VR) as a public art form. He aspired to
create an increasingly emotional response to his art-
works through the use of VR technology by sever-
ing the conventional role of gravity when viewing
an artwork. Fairfax commented on the usual space
found between an artwork and the viewer, describ-
ing it as an area that creates a platform for the user’s
brain to quickly assess what is in front of them. His
presumption was that recognising forms becomes
categorisation and then there is less need to assess
the visual information. Fairfax considered this
process of assessment could be significantly
reduced in a virtual art/film environment world,
where he hoped he would create unprecedented
experiences, using surfaces which do not necess-
arily indicate form.

This excitement of using VR technology is not
restricted to Fairfax – Laurel (1991) has noted that
VR is an incredibly exciting notion. Stating that
for people who read science fiction, play computer
games, or hang out in amusement parks, it prom-
ises to be the fulfilment of a specific set of fanta-
sies. For those who have not been part of the
process from the beginning, the potential of VR
is probably even more awesome.
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For Fairfax the use of VR technology seemed
to be the next logical step. He had been working
in holography and evolved his still reflection holo-
graphic artworks into holographic film work
thanks to an International Residency at the Holo-
centre in New York. Here he made holographic
films where there was a three-dimensional (3D)
virtual space for the artwork to occupy. Although
this was very exciting as forms could be suspended
in space, free from gravity and with surfaces not
necessarily indicating form, Fairfax felt that the
way to evolve this line of work was to make the
virtual space immersive. With the holograms and
holographic film the viewer was always looking
in on the virtual space. Fairfax then wanted the
viewer to be immersed in the virtual space but
retain the sense of zero gravity. Fairfax relates
the exploration of holograms and their acute
sense of a weightless object, to trying to achieve
the absence of gravity perhaps only experienced
in real life through flying, swimming or as he put
it ‘being in the womb’.

Fairfax’s understanding of the visual language
is based on an understanding of the psychology of
vision. As an artist, Fairfax believes that the more
he knows how the mind works in relation to
viewing the more accurately he can create the
right resonance with a piece of work. The appeal
of holography and even more so with VR was
the possibility to bypass the effect of gravity
while viewing a piece of work. Fairfax believed
that our psychological relationship with gravity
underpins how we receive the world, stating that
Gravity is experienced as a constant downward
force. This subconsciously creates a powerful
effect when something is vertical. Anything verti-
cal is reassuring (within the format of human pro-
portions). As soon as a line moves away from the
vertical it gains potential energy and becomes
psychologically dramatic. By creating a gravity
free VR artwork it generated the opportunity to
create experiences where the reference to the
vertical no longer was present. This exposed a
new way to experience art – this was a major
driver for me.
Fairfax was excited about the use of VR as it
appeared to offer characteristic’s that were

hugely enticing to a sculptor. There is a potential
contradiction here, that of a sculptor’s desire to
manipulate real space and the lack of any real
space within a VR environment. However,
Fairfax saw this as one of the intriguing elements
within the proposed project.

One of the main characteristics of using VR is
that a person is often immersed within an environ-
ment. This was a key attraction to Fairfax who
could see the appeal of being immersed within
an artwork where he hoped they would be appar-
ently free from gravity rather than observing it
from the outside. Fairfax did not want to make a
virtual sculpture but rather an art environment
that was the work itself. He referred to it as
‘being inside a 3D moving Pollock or Rothko’.

As Fairfax’s goal was to use VR technology to
create a new form of art, it is interesting to consider
what makes it art rather than simply a different
type of VR presentation. In the case of a VR
designer they are perhaps traditionally more
focused and concerned with practical issues sur-
rounding a VR application’s development and
deployment, striving to make the VR environment
as visually accurate as possible. Fairfax on the
other hand wanted to look at how VR immersion
affects the psyche, moving away from recognised
imagery and shapes. How space, colour, form and
recognition move the psyche from state to state.

2 Collaboration

Fairfax spent the first month of the project visiting
VR centres and talking to as many experts as poss-
ible. He wanted to broaden his understanding of
what VR could be and in particular how other
artists had approached and dealt with VR. This
process in the first stage of the project reinforces
the research undertaken by Gormley (1998). De
Salvo (2002) showed that research undertaken
by artists at the beginning of projects is normally
of a primary nature where the artist meets with
experts in order to understand how their work
could be produced.

From this initial research Fairfax was acutely
aware that he needed a mentor to guide him
through the numerous VR technologies and more
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importantly to provide him a way of mastering
the tools as one of his main goals was to work
autonomously. Fairfax wanted to be able to
construct his own VR artworks and not rely on
other specialists to make them for him. ‘I want to
be autonomous and make virtual reality artworks
in the privacy of my studio as a stone carver
would.’ This desire to be autonomous was a
unique challenge and different from other well
known VR artists who use specialist programmers,
sonic architects and animators to help create their
VR environments.

In his search for a mentor Fairfax contacted
PERA, a Leicestershire-based company that had
the first commercial VR centre in the UK. PERA
had a number of experienced VR programmers
who were willing to act as mentors. These pro-
grammers were very experienced in recreating
real life physical artefacts such as buildings, oil
rigs and vehicles. However their approach was
very much from a highly technical programming
foundation, with the occasional use of dedicated
polygon (or triangles) construction applications.
Discussions with Fairfax about their approach
and how they foresaw the project progressing
resulted in a proposal that included a substantial
amount of programming work. This was in
addition to the need to educate Fairfax about the
significant number of constraints that exist
within the construction method of VR appli-
cations. Even though Fairfax was prepared to put
in the time and effort to learn how to create a
VR application, the highly constrained and formu-
laic nature proposed did not fill him with confi-
dence or more importantly excitement, which he
originally had at the outset of the project. Fairfax
reflected on these meetings saying that he found
it both inspiring and daunting, where it seemed a
long way away for him to be able to make anything
in VR.

Even though Fairfax realised that creating a
VR application autonomously was a huge goal to
aim for as he had no experience of using any VR
technology, his main concern for the project was
that the graphics available within VR environment
would be too solid and clunky, thus incapable of
generating the more subtle visuals that he desired

which would locate them within a fine art tradition.
This traditional VR aesthetic is discussed by
Davies (2004) who describes 3D computer
graphic techniques, as commonly used in VR
environments, which tend to rely on 3D Euclidian
geometric models, Renaissance perspective and
the xyz coordinates of Cartesian space, all
applied in a never-ending quest for visual
realism. The resulting aesthetic/sensibility (what
Davies calls the ‘hard-edged-objects-in-empty-
space’ syndrome) reflects a dualist, objectifying
interpretation of the world.

VR programmers have to work within very
constrained environments because of the nature
of the graphics and processing hardware avail-
able to them. As a sculptor Fairfax liked to
work in a much more open and unrestricted
way. The whole idea of the project was to
create a ‘dreamlike’ state, having all the proposed
restrictions in place did not lie comfortably with
this ethos.

Reflecting on the possible mentoring collabor-
ations, Fairfax dismissed the idea of working with
VR programmers as their different viewpoints on
working practices and methods of creation did
not sit comfortably with his. He also found it
very difficult to put across his vision of what he
wanted to create from an aesthetic viewpoint and
also as important was the way he wanted work
in an unrestricted creative manner.

These issues of communication and different
working practice between artists and other pro-
fessionals have been reviewed by Yair, Press and
Tomes (2001) who state that despite the obvious
benefits of collaboration including the flow of
knowledge from one discipline to another, it is
uncommon owing to the differences in cultural
and working practices causing complications.
For collaboration to work it is dependent on the
artist and professional’s willingness to both
accept new working and thinking processes.
Another issue that can render collaboration more
difficult is the language difference between disci-
plines as clear communication and understanding
is required for collaborative creativity. Mamykina,
Candy and Edmonds (2002) found that this could
be overcome through the use of metaphors since
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they provide a more uniform understanding of a
goal or situation.

Continuing his search, Fairfax was put in
contact with the author who is a trained product
designer but had previously managed the VR
department at PERA and was now a senior lecturer
in the Design School at Loughborough University.

To help put across his vision of what he wanted
Fairfax did not just use metaphors but also showed
the author some films he had made, describing
them as the only area of his practice where he
allowed his subconscious full reign. The films
showed the type of aesthetic he was looking for
(see Figure 1) and he made it clear that he
wanted to develop this aspect further with VR to
create dream-like environments. At the first
meeting it became clear that Fairfax’s knowledge
of VR was purely from a visual context with
no knowledge of programming, writing scripts or
polygonal modelling. It also became clear
that Fairfax had a clear desire to work

intuitively with the VR software rather than be a
slave to it.

3 Review of artist’s current working
processes

To gain an understanding of Fairfax’s working
practices a number of discussions took place.
Fairfax described his creative process as being
very free and random. When working with
digital art he had even set up his flat screen
monitor on an easel to allow for a more creative
‘standing up’ process. There was no one working
process that he undertook, as most projects were
different in their nature. However, even with pro-
jects that were similar, such as holography or
film making, there was no prescriptive pattern.
There were however a couple of similarities
across all his different working practices. First he
would undertake a lot of research to begin with,
seeking out experts in the field to try and tap into

Figure 1. Examples of Fairfax’s digital films showing the type of aesthetic he was looking for.
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their knowledge. Fairfax also reported that he
would undertake a lot of experimentation before
honing the final product.

Unlike design, little has been researched or
documented on the arts, art process and how
artists work (Leclerc and Gosselin 2004, Owen
1998). Nevertheless, there appears to be two
general viewpoints from which the art process
could be determined. The first process described
by Canaday (1964) defines art as indefinable, too
changeable and artists work to so many or so
few rules or methods that a generic process is see-
mingly impossible to determine. Weintraub (2003)
describes artists as society’s free radicals who are
free from methods, rules and requirements so not
following an art process.

The second viewpoint demystifies the artist,
thus contradicting the first premise. The notion is
that the art process in inherently a creative one
and therefore cannot be categorised and described
using theories associated with the creative process.
Studies by psychologists into the creative process
have revealed that the underlying principles of
creativity are the prepared mind and that creative
solutions are the result of a knowledge-based
process (Finke, Ward and Smith 1992, Dasgupta
1996). Generic creative processes have been
developed to explain further this phenomenon.
These include a five step process: insight, prep-
aration, incubation, illumination and verification
(Ghiselin 1963, Baxter 1995). Finke, Ward and
Smith (1992) developed another creativity
process called the Geneplore process. This incor-
porated both generative and explorative cognitive
processes. Both of these cognitive processes are
generic in nature and, as such, art creativity is
similar to scientific creativity (Weisberg 1986,
Ward, Finke and Smith 1995). General opinion
and conclusions of the nature of the art process
is that it is more chaotic and does not follow
particular stages (Cawelti, Rappaport and Wood
1992, Sapp 1995; Ecker 1963, Getzels and
Csı́kszentmihályi 1976). Instead it is considered
more accurate to describe the art process as a
continual clarification and emergence of the
problem and solution, or in other words constant
experimentation.

4 New working practices

Because of Fairfax’s background and considering
his experimentally lead working processes along
with the desire to be free of constraints as much
as possible, it became apparent that the proposed
programmer’s route was not going to be viable.
Fairfax was open to learning new techniques but
in order to allow for his artistic freedom, a more
bespoke working arrangement had to be defined.

After much discussion including showing
Fairfax examples of coding and how it worked it
was proposed that the most agreeable route was
for Fairfax to capitalise on his existing skill set
of aesthetic sensibilities and avoid the constraining
programming route as much as possible so as not
to stifle his creative energies. The new proposal
was to create the virtual worlds using a
WYSIWYG (What You See Is What You Get)
process, using graphical packages rather than via
code. This was agreeable with Fairfax as he was
not interested in the beauty of the code behind
the aesthetic (even without considering the inordi-
nate amount of time needed to learn to code effi-
ciently) but was concerned in the beauty of the
actual display the viewer would see.

The general idea was to use a 3D graphical
modelling package such as 3D Studio Max and
then import these models into a virtual world.
This was not the usual approach of VR modellers,
who use their skills and judgement to build models
that use clever texturing to disguise the lack of
polygons or form of their intended models.
When a 3D model is created, adding complexity
increases the levels of realism. However, increas-
ing the complexity has a negative affect on the
ability of the computer to render frames in
real-time, so has a negative effect on the visual
performance that is essential within a VR environ-
ment and crucial to the dreamlike effect required
by Fairfax. The smaller the 3D model file the
faster the computer can render polygons and
hence the higher the FPS rate (frames per
second). Hartman and Wernecke (1996) rec-
ommend that the VR designer should aim at
achieving a minimum frame rate of 10 FPS,
which is the frame rate required to simulate
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visual continuity of moving through the real
world. Without this the dream like state would
be jerky and so diminish the ability of the viewer
to suspend disbelief. General 3D modelling
packages such as 3D Studio Max, simply output
the polygon models with no in-built intelligence
or control over which areas have more or less poly-
gons. The only way to reduce the number of poly-
gons is to adjust the output number and hope that
the mathematical algorithm behind this reduction
does not affect the appearance. This requires the
designer to make a judgement on whether to aim
for either visual accuracy or visual continuity.
Funkhouser and Sequin (1993) lean towards
visual continuity stating that real-time response
and natural motion is as important as, or even
more important than, image realism to users.
However aiming at a purely high FPS rate could
result in a scene with a rather naı̈ve or ‘blocky’
appearance. Fairfax would therefore face a quand-
ary of creating an aesthetically pleasing and
detailed model but losing fluidity within the VR
environment, or of creating a lightweight model
that lost some of its aesthetic beauty. When the
modelling process was put into practice by
Fairfax, the fluidity became very important, so
an aesthetic judgement by Fairfax was required
to reduce the model complexity to an acceptable
level using a trial and error process. The trial and
error process has been shown by Dorst (2003)
and Lawson (1997) to be used frequently to
solve design problems, with emphasis switching
from precision and calculation to ambiguity and
imagination. Fairfax reflected that this was not a
quantative process as it was purely based on
aesthetic and continuity perception.

During this trial and error process the 3D
models had to be transferred and displayed
within a VR environment. The decision on
which package to use was jointly decided
between the author and Fairfax. Fairfax was
shown a variety of industry standard VR packages
that were available, but once again the learning
curve on these packages was deemed too high
and it was felt that the time spent learning these
packages would distract from the creative side of
the project. Ideally Fairfax wanted a bespoke

package to be created that allowed him to be artis-
tically free while making it simple enough for him
to put a number of discreet packages together to
create his own VR world.

Creating a brand new piece of software was
impossible in the time allocated with only the
author working with Fairfax. Discussions with
Fairfax about his aesthetic vision led to the con-
clusion that the final product should not represent
a computer game but have a palette that would add
coherency to the dream-like vision. It would not
require a physics engine as the movement should
not represent reality, allowing the graphic style
to lead the sensory perception.

A number of different VR authoring packages
were considered at the time; OpenSimulator
(2009), CMLabs’ Vortex (2010), Carbon
Graphics’ Geo (2009) and Scintillating Graphics
(2009). To reduce the possible learning curve the
author narrowed the choice down to those he
was familiar with: EON Reality (2009), Sun
Systems’ Multigen Vega (2009), Sense8 World-
Toolkit (now World Viz Vizard) (2009) and
CosmoWorlds (1998). To further refine the
choice of authoring tools, the author experimented
with each piece of software to see how easy or
difficult it was to move beyond the standard
set-up of creating realistic looking artifacts and
instead create a bespoke aesthetic. The authoring
environments were also shown to Fairfax as
ultimately he would be using these pieces of
software autonomously.

The proposed solution was to use one of the
simplest WYSIWYG authoring programmes that
Fairfax could easily get to grips with and then to
develop a bespoke artist’s toolkit which would
act as a conduit between Fairfax’s work and the
software. The chosen WYSIWYG package was
CosmoWorlds (1998). This was an older piece of
software originally being released in 1998 but
whose interface was the easiest to understand by
a non-programmer. CosmoWorlds is a VRML
(virtual reality mark-up language) based software
application. VRML like HTML is a world stan-
dard programming language being used to create
web-based VR applications. VRML is a scene
description language based on a subset of Open
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Inventor from Silicon Graphics that describes the
geometry and the internal behaviour of a 3D
scene. Even though VRML is not a general
programming language, so is not as flexible, it
does have some features that can make it a
useful tool for dynamic 3D environments. These
features include the ability to write prototype
nodes which can incorporate scripts to perform
various behaviours within the VRML world.
These nodes would allow the author a relatively
straightforward route to develop the required
artist’s toolkit, while the software itself was
simple enough to be mastered quickly by a
non-programmer.

For the next six months regular meetings were
arranged were the author introduced Fairfax to the
different aspects of creating VR applications.
These regular meetings directed the progressive
development of the artist’s toolkit. After each
meeting Fairfax would experiment with what had
been covered in the meeting using the toolkit. In
parallel to this he would frequently take what
had been presented and explore new avenues he
wanted to exploit and then return to the next
meeting with a list of questions and requests.
The requests were often accompanied with
sketches, imagery, video clips or models to help
explain the desired goals. This working practice
supports the findings of Getzels’ and Csı́kszentmi-
hályi’s (1976) study into how artists develop and
solve problems. They stated that there were three
ways artist explored problems: manipulation, unu-
sualness and experimentation. Manipulation is
where the artist wishes to find new problems or
uncover the core of the problem rather than settle
for ones presented to them. Unusualness describes
their drive to source unusual perspectives from
which to work; often the riskier options are more
innovative. Experimentation is where the artist,
through play or experimentation with the
problem, idea or media, can identify new perspec-
tives that may have gone unnoticed.

During these meetings the author frequently
could not answer Fairfax’s requests straight
away, needing time to solve the problems. The
authors working practices to solve these problems
would not always be undertaken in a prescribed

manner however on reflection the majority of the
time the working process initially started by
allowing the requests to ferment for a couple of
days which allowed time to go back to Fairfax if
clarification was required. This reflected the
communications issues often experienced by two
different working practices. The design process
would then involve three stages, first looking to
see if there were any solutions already available
through existing scripts. Frequently this avenue
of research was not productive, but could lead to
new ways of approaching the problems. Second,
there would be long periods of experimentation
and testing, with a final stage of honing a proposed
solution. Jones (1992) also models the design
process in three phases: divergence, transform-
ation and convergence, where the designer
begins by undertaking a broad search for infor-
mation, followed by a period of ideation and
finally concludes with a more detailed focus
activity to provide a realistic solution. Cross’s
(1994) design process theory is also similar refer-
ring to exploration, generation and evaluation, but
he concludes with a communications stage phase
where the designer informs others of the proposed
solution(s). This also fits with the authors working
practice as the final stage of the working process
would be discussing the possible solutions with
Fairfax.

However, even though the designer’s process
may have stages, both the designers working
processes and artists working processes can both
be imprecise in their nature. Lawson (1997)
noted that the designer’s process is complex and
ill-defined. While he does not see designing or
problem solving as being an exact process that
can be broken down into specific areas, his
theory is that design is a process in which the
problem and solution emerge together.

To help in the design process the author would
frequently sketch ideas or possible solutions
before attempting to create them. Both Fairfax
and the author used sketches extensively to com-
municate their ideas to each other as well as
using sketching to help manage their ideas. This
has been noted with other designers, as stated by
Lawson (1997). Many designers feel happiest
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when they are holding a pencil and able to express
themselves. It is interesting to note that Fairfax
does not use a traditional mouse but is more com-
fortable using a digital stylus as an input device.
Other methods of externalising and communi-
cation include modelling using 3D forms to rep-
resent an idea. This was not used by the author
as his aim was to facilitate Fairfax’s screen aes-
thetic, however, 3D modelling was used by
Fairfax to aid in his visual development.

The working practice of questions and answers
allowed Fairfax to be unrestricted in what he
wanted to create, not having to worry about any
technical issues and only having restrictions
applied if the author could not find a satisfactory
solution. There are many restrictions or consider-
ations to be undertaken when creating a VR
world (Badni 2005). However, reflecting on the
process, Fairfax commented that presenting these
restrictions at the beginning of the project would
have been detrimental in affecting the freedom
he felt, and would have had an adverse affect on
the design of his worlds. In parallel to the Q&A
sessions Fairfax reflected on the one-to-one ses-
sions describing them as being an invaluable
teaching aid to him allowing him to move
forward tremendously which he described as
being a very powerful tool.

5 Visual depiction issues

To begin with, Fairfax used a 3D modelling
package to create 3D objects and applied textures
to them. These were then imported into a virtual
world were one could navigate around and
examine them. However the resulting aesthetic
was still too blocky and still resembled a computer
game rather than the ‘painting’ aesthetic he
desired. Developing a ‘sensitive palette’ was Fair-
fax’s main concern. This desire for a sensitive
palette is also shared by another VR artist Char
Davies (2004) who describes the negative
aspects of a focused aesthetic, describing visual
acuity as tending to keep the viewers attention
focused on what lies in front or ahead. ‘When
the sharpness dissolves into a non-focused blur,
the viewer becomes aware of space as all around.’

After numerous experimentations the aesthetic
concerns of Fairfax were diminished through the
development of special semi-transparent image
files that were animated in a variable loop to
create the illusion of a non-rigid surface. These ani-
mated files could be applied as a texture to the
virtual models producing a much softer edge to
the 3D artifacts (see Figure 2). To produce this
softer look some special programming was
required. So as not to restrict Fairfax’s working
practice the programming was produced as part
of the artist’s toolkit, allowing Fairfax to simply
choose which images to use and how to animate
them. The images were selected through the
toolkit GUI (see Figure 3), the speed of animation
could be adjusted using a slider and the final proto-
type node could then be tested via the process
button. When satisfied with the outcome, the com-
piled code was dropped as one module directly into
the VRML world in the desired position. In this
way Fairfax was not required to understand the
programming, only to understand its application.

With the visual palette in place it became
increasingly clear to Fairfax that because of
the diminished visual focal points, while
navigating the world the awareness of sound was
enhanced.

It is difficult to position sound within a virtual
environment without using a physical represen-
tation. Therefore within the artist’s toolkit, a

Figure 2. Animated semi-transparent image files overlaid on a
3D model creating a softer aesthetic.
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visual representation of sound application was
created (see Figure 4). This consisted of twin
non-proportional scalable spheres which within a
VRML world could be placed a sound. The
sound could then be positioned precisely, like a
physical object with boundaries, allowing
Fairfax to control the source, drop off and ‘hot
zones’ where the sound was prominent. As the
sound could be positioned, rather than just
ambient along with the use of stereo headphones

it became a strong medium and important tool
with which Fairfax could experiment.

Within the virtual worlds, Fairfax wanted to be
able to roam around as in a dream with apparent
random jumps between each world. Each world
had a different narrative theme, some more
descriptive in form than others. Fairfax did not
want there to be a directed path that had to be fol-
lowed. There were items within the worlds that
could be navigated towards, but none of them

Figure 3. Animated texture screen for the Artist’s toolkit.

Figure 4. Sound screen for the Artist’s toolkit.
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were designed to act as sign posts. In certain
worlds floating screens were set up in front so
they acted like a head-up display always in front
of the viewer where ever they turned, in others
the orientation of the world did not have a horizon-
tal horizon so removing the viewer from the
association of the habitual perception of their
normal world. Navigating between these virtual
worlds therefore had to appear random and
beyond the control of the viewer. Fairfax gave
the analogy that he wanted the viewer to be able
to travel through an invisible doorway and then
appear in another world. Through much exper-
imentation and development of scripts, another
toolkit template was created coined as the ‘telepor-
ter’. This allowed Fairfax to control the position of
the exit doorways and entrance points within each
virtual world. To prevent the user from wandering
too far, large teleport boundary walls could also be
installed meaning that the user was always
directed towards an area that contained the narra-
tive imagery. Within the toolkit the teleporter
module also allowed for some random entrance
and exit points to be picked by Fairfax so
echoing the random movements found in dream
narratives.

Through the Q&A sessions a number of tem-
plates were created building up the artist’s
toolkit, allowing mini applications to be created
to enhance the virtual worlds that Fairfax was pro-
ducing. The toolkit templates were developed
along with Fairfax so his understanding of these
applications was relatively straightforward. This
understanding allowed Fairfax to work in an unin-
terrupted fashion, which was very important from
a process view point allowing him to develop his
worlds at his own pace without the constant inter-
vention of the author.

6 Immersion

After nine months of creating virtual worlds with
teleports, sounds and animations on PC monitors,
Fairfax required more immersion into his worlds.
To achieve this Fairfax moved onto viewing his
worlds through a head mounted display (HMD).
The HMD simply replaced the monitor with two

LCD screens in front of the user’s eyes, creating
a stereoscopic effect, filling 60 degree diagonal
field-of-view with the VR image. With the first
HMD used (the Cyberman GVD410) even
though it had an increased viewing size, Fairfax
still felt that the sense of immersion was still
restricted as it was clearly possible to see the
outside world either side of the viewing area
which created real world reference points. To over-
come this a more enclosed HMD was used, the
nVisor SX, this helmet uses eye shields that
block out the outside world allowing the user to
feel more immersed in the new environment (see
Figure 4).

Fairfax found that viewing the virtual worlds
through a headset gave a different ‘feel’ to that
of viewing a standard monitor feeling more
enclosed. This required some modifications to
his worlds to retain the dream-like ambiance. In
retrospect it would have been better to work with
the headset from the start, but this was not con-
sidered early enough.

While wearing the HMD, Fairfax wanted to
be able to move his head and look around his
worlds and so a tracker system was required.
The tracker as its name suggests monitors the
position of the users head and sends this infor-
mation back to the PC, which updates the
screen accordingly. So if the user looks to the
left, the screen is updated and moves proportion-
ally to the right.

Another issue that was not considered until
later in the project was that due to the working
method and software used to create the virtual
worlds the tracker could not be simply plugged
into the PC and work with the software. A
couple of solutions were available. First, to
create a bespoke driver that would link the
tracker systems to Fairfax’s worlds or second, to
use an existing driver from another VR application
and drop Fairfax’s worlds into that application.

The latter was tried first as it did not require any
specialist programming, however the idea of
simply dropping Fairfax’s worlds into another
VR application was not as straightforward as
first hoped. Incompatibility with some of the
artist’s toolkit templates that had been used,
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meant that Fairfax’s worlds would have to be
reprogrammed to work with the existing drivers.
This was experimented with, but because of the
unique nature of the original toolkit programming
some of the aesthetic themes that Fairfax had
worked intensively on were distilled down or
totally lost, once again appearing as a computer
game would look rather than a crafted piece of
artwork. This was not an acceptable option.

The other option was to have a software driver
written to allow the tracker to work with Fairfax’s
existing worlds. Ironically one of PERA’s pro-
grammers was used to create the driver. The
driver allowed Fairfax to use the tracker with
only some minor modifications to be applied to
his world. This was seen originally as a longer
and more complicated route than simply dropping
Fairfax’s world into an exiting tracker based appli-
cation, but despite the time involved it ultimately
resulted in a more satisfactory solution.

7 Interaction

With the worlds created and the headset and
tracker system resolved, the next issue which con-
cerned Fairfax was the interface with the worlds.
As Fairfax’s work was not a traditional computer
graphics application and was intended to take the
user away from the idea that it was a computer
game, the traditional mouse, games controller or
joystick and keyboard interface was to be
avoided because of the strong computer game
associations.

Further meetings with the author and some of
his colleagues resulted in the idea of simply
waiving one’s hands around to navigate within
the world. This could be achieved in a number of
ways: first, using another tacking device or a stan-
dard VR glove or wand. This was not ideal as it
would require the user to be connected to the PC
via a cable. To avoid the cable issue sensors,
which could be used to monitor the hand position,
proximity sensors, light or heat sensors and even
Theremins using radio waves were considered.
However, owing to the varying size of the public
that may want to experience the virtual worlds
and the range of movements possible that the

unfamiliar public may perform, none of the
options appeared very feasible. The use of other
bodily motions such as breathing or rocking
were also considered, but Fairfax did not want
the user to wear any extra technology beyond the
headset unit so that the experience could be
easily accessed by the public. Fairfax decided
that the best option would be to have the public
sit in a throne which would rotate as they navi-
gated around the virtual world (see Figure 5).
This had a number of advantages. First, the
throne could be designed so that any person
could reach the controls from a young child to a
fully grown adult without the need for adjustment.
The fact that the person is seated also negates the
issue of dizziness or lack of balance that some
users experience while wearing a VR headset as
described by Regan (1995), which was important
as the final artwork was to be used with the
general public. The hard wiring to the PC from
the controllers and headset and tracker could also
be hidden within the throne and particularly
appealing to Fairfax was that the design of the
throne could add to the aesthetic appeal of the
entire experience. Fairfax reflected ‘I wanted a
sense of experiencing something special and to
try and make the participant feel special. I
designed the throne to have a sense of grandeur
about it. Thrones are normally allocated for
special people. Here, everyone could be in the
throne – but only one at a time – so the experience
would be intimate and unique, but democratic.’

To enhance the immersive experience Fairfax
decided that the public should have their feet
raised from the ground. This was hoped to sever
the important relationship that humans have with
the ground and increase the likelihood of the
public letting go of their previous reality and
increasing the emotional response to the VR
artwork. This introduced another issue of how to
gain access to the raised seat. A number of
options were considered from having a height
adjustable throne, remote controlled rolling steps
to a raising platform. The chosen option was to
have steps rise from a flush floor. A number of
platform raisers were considered including using
pneumatics, hydraulics and motorised units. In
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the end motorised scissor jacks were used to create
three steps that lead the user up to the raised
throne. Fairfax had always thought that there
was a tremendous power in the relationship
between cause and effect. So he wanted the
participant to activate the three automated steps
when they approached the installation. Various
trigger applications were tried, the final solution
was an infrared beam at the front of the
installation. When this beam was interrupted, it
activated a switch which turned the motors to
raise the three steps ready for the participant to
enter the experience. Fairfax wanted the sense
that the artwork was welcoming each individual
participant.

Once the participant was seated in the throne, a
gallery assistant helped to position the HMD. The
participant’s hands were then guided to the con-
trols. There was a button and a lever on each
arm. When the viewer was ready, one button
would slowly pull the steps down so that
people’s feet dangled in space. A safety switch
was sited under the seat so that the steps could
not retract until the viewer was fully in position.
One lever moved the viewer in space in the VR
art worlds, the other lever rotated the throne 360
degrees at the viewers chosen speed, up to
6 rpm. This combination gave the viewer complete
control over their movement within the immersive
VR world. Fairfax wanted them to be able to

explore the artwork like a bumblebee, moving in
and around any items they found.

Different rotational speeds for the throne were
experimented with. Six rpm was the fastest that
was felt acceptable while wearing the enclosed
headset as this felt like very rapid movement
within the VR artwork.

When the public had finished their experience
they could press the second button. This gently
rotated the throne to its original position and the
steps slowly rose for the public to then step
down and complete the experience.

8 Conclusion

The completed project had Fairfax producing five
individual virtual worlds using the artist’s toolkit.
Each world was different, using a combination of
soft aesthetics, 3D sounds, animations and 3D
models. The use of teleporter and random algor-
ithms meant that each user had their own unique
journey within the worlds, so as in a dream there
was no predetermined linear narrative, entering
one world and turning round did not necessarily
lead the user back to the previous world. Fairfax
described this journey, ‘At any moment the
viewer may find themselves immersed in a
lyrical area, then flashed to a sinister one – like
being in a psychological plunge pool. The next
viewer may never come across the sinister zone.’

Figure 5. Fairfax’s rotating throne design.
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Within the worlds there were abstract images
as well as recognisable forms, Fairfax’s father (a
poet) also provided some poems that were dis-
creetly positioned around the worlds that the user
may or may not come across. The images pro-
duced by Fairfax were not intentionally symbolic;
he was trying to create a certain resonance rather
than a specific reference. The example he
describes is of an animated column which is
being watched by an eye that keeps looking
across at a figure with a howling wind blowing
(see Figure 6). Fairfax describes this scene as gen-
erating a sense of big brother activity, but not sym-
bolically, stating that the resonance is a poetic one.

The working relationship between Fairfax and
the author has been very successful. The realis-
ation at an early stage that a creative sculptor
was unlikely to work in a pragmatic programming
way allowed Fairfax to remain creative in his
working practices and produce some unique
pieces of art unhindered by technical constraints.
By complementing the skills Fairfax already had
and adding some easy to use toolkit applications
Fairfax was able to work autonomously using
the building blocks available to him to create com-
pleted worlds. By the use of visual software, the
finished application was adjustable and manage-
able from an aesthetic point of view which was
the most important aspect of the project. Fairfax
managed to produce virtual worlds that bore no
resemblance to traditional computer graphics

work, producing his own unique aesthetic and
immersive experience.

Fairfax acknowledges that the experience and
knowledge of the author has been an essential
part of his creative process. Dasgupta (1996)
argued that creativity is knowledge driven and
based on experiences applied in new ways, so
creative methods may facilitate finding alternative
ways of thinking but this may only be of use if
there is a foundation of knowledge on which to
draw. The use of question and answer sessions
allowed Fairfax to gain insight into this foundation
which fed directly into his creative process.

The chosen method of working had some
restrictions in what could be ultimately achieved.
This was due to the compromise between accessi-
bility to Fairfax and the amount of time required to
programme and learn how to use a fully VR
immersive application. In just one year, Fairfax
who had no experience of creating virtual worlds
was empowered through the use of the toolkit to
develop and modify his own work with no require-
ment to access experienced VR designers or
programmer’s skill sets. Ultimately the project
would not have been successful without the hard
work and dedication of Fairfax who was willing
to experiment and learn while developing his
own vision. The hard work required to create a
new piece of artwork is recognised by Csı́kszent-
mihályi (1998) who comments that being creative
is not a simple process since many novel and

Figure 6. Watching eye.
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original solutions require the creator to invest
much time and effort. Creativity is a process of
trial and error in searching for new solutions by
combining known and discovering elements in
many small tentative steps (Weisberg 1986,
Walberg 1988).

One reason why Fairfax and the author
worked well together may be due to their similar
working (creative) processes and despite there
being many differences in general between a fine
arts sculptor and a product designer/VR modeller
there are definite similarities between the two
disciplines. This is backed up by (Dorst 2003,
Lawson 1997) who state that artists and designers
must work in a similar manner, and that the art
process would have much in common with the
design process since many similar talents are
needed for both.

There are a large number of different creative
processes that have been documented. They all
appear to have one main theme in common, that
of altering the way people think. This appears to
be achieved by providing a safe environment,
where ideas will not be criticised, which may go
in some way to explain why the one-to-one
working relationship worked so well allowing
both Fairfax and the author space to experiment
and move forward together with a good under-
standing of what final goals were to be achieved.

The project lasted for a total of 13 months.
With more time and experience a fully rendered
game engine driven product could have been pro-
duced. However, within the restricted time scales
and technical abilities of a fine art sculptor, the
use of easily accessible VR was a successful area
to work within. This empowered Fairfax to
produce autonomously his own designs in a rela-
tively short time span. This ability to work alone
was very important to Fairfax, ‘Artworks like
novels are not created by committee, having unin-
terrupted private time was essential for my think-
ing and developing the project’.

The key and interesting aspect of this whole
project was that the purity of the artwork was the
driver behind the decisions that were made. The
project was not driven by technology or program-
ming expertise. VR was used and developed as a

tool to an end. This is an exciting aspect of the
collaboration as this is not a traditional use of
VR. It is also not a traditional way to experience
VR. The driving force was not to develop a VR
output as a faithful representation of reality, but
instead to commandeer this technology for cultural
use, creating an extraordinary artwork.

The raised throne and associated movement
was intended to enhance the viewer’s experience
of the content. It added an extra dimension to the
artwork, by simply removing the connection of
the ground, users felt more disconnected and
immersive than when trials were undertaken
compared with people just standing in front of a
podium.

Being able to create his own VR environments
has also had a profound effect on Fairfax who
described the year as having an effect on his
brain, making it physically feel different. He
described it as feeling like the pistons of part of
his brain engine were working for the first time
ever. ‘An amazing feeling and one that has led
me to try and activate more of my brain.’

He sums up the experience with these words, ‘I
have been able to work in a medium that is so
powerful and contains characteristics of the
various media I have worked in over the past 25
years – from figurative sculptures to holographic
films. It feels like my creative practice has come
home – found root. Although there are aspects
of all my other work that is [sic] not replicable in
virtual reality – there is so much that I can
express through virtual reality. This means that
my various forms of expression potentially have
one phylum of expression.’

The final artwork was displayed in Leicester
City’s Art Gallery with over 2000 people experi-
encing Fairfax’s vision (see Figure 7). There
have been positive reviews in local and the
national press, with the Guardian newspaper
(Grenert 2006) describing the work as ‘. . . float
off into other worlds of serene beauty and unner-
ving drama. Fairfax has always displayed a sensi-
tive use of often quite subtle sculptural elements
for their evocative and poetic potential. Here he
lets you explore to the full, in the 3D virtual
world of your own susceptible consciousness,
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his vision of everything as somehow bewilder-
ingly wonderful.’

The show was recommended three weeks
running as one of the top five shows to visit nation-
ally in the Guardian.
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1. Introduction 
It is a common procedure that new products are evaluated before submission to the public market to 
minimize the chances of designs failing by inviting typical consumers or design experts to evaluate 
products. This is frequently undertaken by means of reviewing virtual products, due to their lower 
costs and timesaving implications compared to making true physical prototypes. To evaluate these 
virtual products one of the most common methods used is the Think Aloud technique.  This is used 
equally by industry and academia [Boren and Ramey 2000]. Think Aloud is seen as a straightforward 
technique, ready to use with proper handling [Hackos and Redish 1998] by combining it with data 
gathered by other techniques such as a questionnaire or interview. However this protocol even though 
it is widely used in human sciences has some negative points due to the unnatural cognitive load it 
applies to the user whilst undertaking the experiments. This issue is raised by [Branch 2000] who 
argues that having to verbalise whilst undertaking a task that involves a high cognitive load can be 
problematic. To overcome these heavy cognitive loads researches have also relatively recently been 
using eye tracking techniques. Eye tracking data will not reveal by itself what a person is thinking, but 
can be used with other data gathering techniques such as post review interviews as a way of trying to 
understand what the user is thinking and feeling and their cognitive thoughts. Current eye tracking 
systems generally require the user to keep their head relatively still and focus on a flat screen or 
surface producing an unnatural reviewing situation for evaluating real products. Using a monitor also 
introduces the central bias effect as described by Tatler [2007] where observers will naturally look at 
the centre of the screen more frequently.  To overcome these issues the aim of this pilot study was to 
create a more realistic 3D eye tracking methodology allowing users to review a physical product in a 
more natural way. The data produced could then be compared to traditional 2D eye tracking of virtual 
products to see if there were consistent or differing results. The results of this study could help to 
inform researches towards how realistic virtual evaluations are compared to real products or whether 
certain caveats needed to be applied. 
This paper is structured with first a brief explanation of eye tracking, leading on to the description of 
the new 3D eye tracking methodology.  The results from the test are reviewed in the discussion 
including the lessons learned and the possible ways to improve the test and 3D eye tracking 
methodology. The paper is concluded with possible future benefits and the means to utilise this 
research in the future. 

2. Eye tracking 
Duchowski [2003] describes eye tracking as a tool that collects data on eye position, gaze path; time 
spent looking at a stimulus or fixations at objects along with numerous other variables. The data 
collected from eye tracking is used in experiments to determine where the users are looking. This is 
widely believed to reflect what within the viewing space is being assessed. Eye tracking experiments 
have been performed for several decades already and on various research fields [Duchowski 2003].  
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Eye trackers work by capturing a user’s focus whilst looking at a display. This is accomplished 
through special hardware and software which gathers X and Y locations by tracking the user’s pupil 
once a calibration session have been undertaken. Fast movements of the eyes (saccades) are recorded 
along with fixations gaze points which are then combined into scan-paths. Most eye tracking systems 
come with some form of analysis software which helps to abridge the data gathered into meaningful 
statistics or visual results. The most described result in eye tracking does not in fact relate to 
movement, but to fixation points. Fixation points are when the eye remains stationary for a specific 
amount of time, i.e. when an eye stops temporarily to read a word. This time period could be from a 
few milliseconds through to a few seconds. It is generally considered that when the eye tracking 
system measures a fixation it is also measuring attention to that position. The rapid movement of the 
eye from one fixation point to another, such as reading one word then the next is called a saccade. 
Saccades are very fast typically taking between 30 and 80ms so it is widely believed that the person is 
effectively blind during the saccade movement.  

3. Real product eye tracking 
It is impossible to tell from eye-tracking data alone what people think, but it can be used to look for 
patterns. The main goal of the research was to compare how the attention of the user is drawn to 
product details when viewing a real 3D object compared to a virtual model. 
To allow for a more natural hand held product review to be undertaken a number of issues needed to 
be addressed. Firstly through ethnographic study it was shown that users do not keep their heads still 
when reviewing an object. Even though the users are free to manipulate the object with their hands, 
they will often pre-empt the products movement by tilting their head in the appropriate direction. They 
also will move their head backwards or forwards either keeping the part of the object they are viewing 
at a comfortable distance or bringing it nearer for closer examination. Therefore some sort of tracking 
system to record the relative position of the head is required. This is also true for the object they are 
reviewing which is naturally rotated whilst being viewed. Even if an object has only one obvious 
interface side (such as a tablet computer) when first presented to the user they will turn it over to 
examine the back. 
A number of tracking options are available; firstly an electromagnetic positional tracker such as the 
Polhemus Patriot system could be applied as used by [Lukander 2003] in their experiment of eye 
tracking a mobile phone screen. This uses a single sensor that contains electromagnetic coils that emit 
magnetic fields.  These fields are detected by the aforementioned sensor. The sensor is connected to an 
electronic control unit via a cable, the sensor's position and orientation can then be measured as it is 
moved. As the sensor is tethered to the control unit, the use of these sensors is limited.  
There are also head mounted eye tracking systems that have a more restricted version of the 
electromagnetic positional tracker, these use a small camera mounted on the head gear, with four 
LEDs that are placed at the corners of the viewed object (normally a screen). The position of the head 
is then calculated by the relative position of these corner LEDs in the camera image. This only works 
whilst the plane is perpendicular to the head, any tilting of the head and the relative positions are 
distorted corrupting the data. 
To avoid tethering and fixed corner LEDs, another option is to use optical motion capture. The two 
most common forms are either Passive or Active.  Both systems apply markers to a user and then use 
special video cameras to track the marker’s position. Reflective (Passive) optical motion capture 
systems use infra-red LED's mounted around the camera lens, along with an infra-red pass filter placed 
over the camera lens. The light emitted from the camera mounted LED’s are reflected off the markers 
which are then captured by the cameras. The advantage of this system is that the markers do not need 
to be powered, but the system can suffer from unwanted noise or loss of marker positions, resulting in 
the need for extra post-production time to clean up the data.  Optical motion capture systems based on 
pulsed-LED's measure the Infra-red light emitted by the LED’s rather than light reflected from 
markers. These systems have the advantage that the LED’s are generally smaller than the reflectors but 
each LED needs its own power supply. The optical systems are generally more accurate with less 
noise and related cleaning up issues. 
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The chosen route used in the experiment was to use an active system, with the pulsed LED’s markers 
being attached to the head of the user and to one of their hands (fig.1.). Through the associated 
biomechanical software it was then possible to extrapolate the participants head and hand movements.  
Markers were also originally placed on the actual product but the participants eyes were drawn 
repeatedly to the markers rather than the product itself. To overcome this issue new virtual markers 
were created based on the participant’s finger markers positions. These were used to produce a new 
virtual ‘bone’ that represented the real product’s position and orientation in space. This only worked 
whilst the user held the product in a given manner, when they moved their hand the virtual marker 
positions and resultant virtual bone was lost. 

 
Figure 1. Active markers on fingers & head 

Once the relative 6-axis positions and rotations of the viewer and the object are recorded the next stage 
is to plot the eye tracking data onto the object. Lukander [2003] used a polyhemus system linked to a 
users head to track the head position and then directed the gaze points on to a mobile phone face using 
a computer software. This only required the relative head position to be calculated and accounted for 
as the phone was held in a fixed position on the users lap. In the new system both head and product 
were moving so not only did the eye tracking position of the head need to be accounted for but also the 
relative position and orientation of the model needed to be calculated. 
The relative positional co-ordinates were exported from the biomechanical software in to a new 
bespoke software package developed in the Design School, RePETS (Real Product Eye Tracking 
Software). The new software created an avatar head using the participants eye distance parameters and 
placed the virtual CAD model (in this particular case, it was a domestic iron) of the product in its 
correct relative position in space.  The appropriate motion patterns from the biomechanical software 
were then imported, these were applied to the head and product so they moved accordingly. 
The eye tracking data taken in to RePETS was parsed to select individual gaze fixation points and 
their increment number. The gaze fixation points in relative XY coordinates to the head were projected 
on a trajectory to intersect with the virtual product’s surfaces. Where these projected points intersected 
with the surfaces an intersection point was created in the shape of an euclidean sphere. The alpha 
setting of the material applied to the intersection spheres was set at 50%.  The more spheres the darker 
the area became, so creating a basic 3D attention map showing ‘entries’ or how many times the area 
was looked at, which could be used for comparison with the 2D attention maps. 
To gauge the accuracy of the system a number of set markers were applied to the product and the users 
were asked to look specifically at one and then look at the next. The eye tracking data was then put 
through RePETS. To begin with this produced a number of tracking issues as the participant would 
bring the product closer to their face for increased scrutinisation. To help reduce this effect, the 
participants were asked to keep their elbows on a table and asked to keep the product at a comfortable 
distance. Reviewing the results through RePETS it showed that the gaze position data applied was on 
average accurate to within 1 degree of the fixation of actual target. This meant that areas of interest 
could be easily identified, but specific details on the product may have been difficult to identify with 
the RePETS system by itself. To overcome this, a post review interview was conducted where the 
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recorded eye tracking video was replayed with the participant talking though what they had been 
looking at. 

 
Figure 2. Real product eye tracking methodology 

3.1 Participants 
Five participants used the 3D eye tracking system. Two of them were disregarded due to bad eye 
tracking data. The remaining three included 2 male and 1 female. Average age of the participants was 
26. For both sets of experiments a standard domestic iron was used. This was chosen as it is a 
recognizable product that all the users would be familiar with so helping to minimalise additional 
cognitive load. 
In tandem to the 3D eye tracking that took place another 2 males and 1 female participant were 
recruited who all produced good eye tracking data and had an average age of 23. These participants 
reviewed the same product using traditional 2D screens with the virtual 3D product model that 
mirrored the real products rotational characteristics. The virtual model was displayed on screens that 
were large enough to represent the product at a true 1:1 scale. The 2D screen analysis used the same 
head mounted eye tracking system. 
Rather than just asking the participants to look at the product, two statements were presented to them. 
“Is the product easy to understand and use?” and “To what degree did you appreciate this product?” 
The reason two statements were presented is due to research having shown that viewing behavior of 
participants changes as the task changes. [Duchowski 2003]. This is backed up by Rayner [1995] who 
states that, “The triggers to move the eyes are different according to the specificity of the task “. 
Therefore having two distinct purposes would act as guides in directing the users. 
After the test each participant filled in a questionnaire regarding their backgrounds including, 
profession, age, gender, education and possible problems with eyesight and how frequently they 
ironed. 

3.2 Analysis 
The software which comes with eye tracking systems produces a number of parameters that can be 
useful for statistical analysis. The parameters used in the pilot study were based on algorithms that 
detected the location and duration of gaze fixations.  Gaze fixation points are created when the 
participant’s eyes are relatively still and focused on a specific target. There are several definitions of 
fixations and their duration. The common fixation duration is between 200 and 300ms.  Different 
systems use different algorithms to calculate them. Within the RePETS system minimum fixation 
duration was set to 200ms which has become the de facto standard in clinical studies, which was 
originally derived from a 1962 study of eye movements in reading. The same analysis software (SMI’s 
BeGaze) algorithms and settings were also used with the 2D screen review. The eye tracking headset 
used were not capable of picking up on saccades but general gaze paths could be extrapolated 
measuring one fixation point to the next. 
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Jacob and Karn [2003] reviewed  24 eye tracking usability research studies and listed six of the most 
commonly used parameters: overall fixation count,  percentage of the total time spent on each area of 
interest, average fixation duration, fixation count on each area of interest, average dwell time on each 
area  of interest, and overall fixation rate. Within this pilot study the following were used: 
Average fixation duration on each area of interest, fixation count on each area of interest and finally 
transition fixation points between different areas of interest to see how the participants looked between 
areas of interest. 

4. Results 

4.1 Areas of interest 
Before the tests began it was assumed, as stated by Hammer & Lengyel, [Hammer and Lengyel 1991], 
that areas of interest (AOI) which caught the viewers’ attention could easily be located by the help of 
eye-tracking. On the iron a number of AOIs were set up, these included the buttons groups at the top 
of the iron, the temperature control knob under the handle, the wire and sole plate spray points. Within 
the RePETS system these AOIs were created as 3D bounding boxes around the specific AOIs. These 
invisible bounding boxes could then register when a fixation point was plotted within that specific 
area. The new RePETS system could track where a participant looked within 1 degree when a product 
was held at arm’s length and participant were asked to fixate on a specific target.  Through the 
analysis of the post review interview and visual analysis of the tracking data it was interesting to note 
that participants often fixated on blemishes or marks on the real product, such as scratches or where 
the tampo printing had smudges. This was not replicated in the virtual CAD model which had perfect 
surfaces.  Taking these anomalies out of the equation the average fixation durations on each AOI were 
shorter for the virtual model, 200-300ms compared with 350-450ms for the real product.  Findings 
show that a longer fixations duration is often associated with a deeper and more effortful cognitive 
processing so indicating higher interest in the object. 

 
Figure 3. RePETS 
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On the virtual model a very time consuming manual implementation of AOIs was undertaken due to 
the virtual model inheriting the actual model’s rotational characteristics which were not constant or in 
a uniform direction. The cloning of the real model’s rotational characteristics was to allow for AOI 
and attention map comparisons between the virtual and real product. The results showed that there 
were shorter gaze fixation times on the virtual model. The number of fixation gaze points were also 
less on the virtual model compared to the real model. The transitional paths between fixation points 
were frequently different as well.This may be accounted for due to the virtual model being spun in a 
certain way by the original participant and the 2D participant not knowing what they were originally 
looking at. The cloned rotational characteristics may also explain why there were less fixation points 
on the virtual model with participant ‘scanning’ to find an area of interest. This was particularly 
apparent when the participants were asked how easy the product was to use. When asked about the 
appreciation of the product, the position of the fixation gaze points for both the real product and virtual 
product were more widely spread around. Both however, still had their differing fixation durations 
with the fixation times averaging 200-300ms for the virtual models compared to 350-450ms for the 
real product. 
To eliminate the inherited orientation issue, a short experiment using traditional 2D eye tracking was 
also undertaken using a virtual model that could be spun in any orientation by the viewer. Counting 
the fixation gaze points revealed that this virtual model again had fewer points than the real product. 
However, it was not possible to compare attention maps due to the differences in orientation. The two 
virtual model experiments revealed indications of the central bias effect as described by Tatler [2007]. 
Central bias effect is common on monitor based eye tracking experiments where participants are more 
likely to look more at the centre than towards the edges.  They are also more likely to make more 
horizontal than vertical saccades, and very few oblique ones. Tatler attributes this observation to one 
of three possibilities: Firstly, that of the centre of the screen is the optimal position for early 
information processing. Secondly, that the centre of the screen may be a convenient location to start 
oculomotor exploration. Or third, it may be that the central bias reflects a tendency to re-centre the eye 
during its orbit. With the real product the RePETS system did not show any noticeable central biasing. 

4.2 Attention maps 
Attention maps or heat maps is another form of representation of eye tracking data. Although they do 
not represent attention per se they do represent the spatial distribution of eye movement data. The 
beauty of heat maps is that they provide quick and intuitive visual representations of eye tracking data 
which researchers can easily determine a meaning from. This is also their major disadvantage due to 
their simplicity; it is easy to draw conclusions from them that often should not be drawn. It could be 
that these regions are interesting to the viewer, but it could also be due to the region having markings 
such as scratches or blemishes and the viewer needs to look twice or longer. Nethertheless heat maps 
are an important compliment to quantitive data of AOIs. Within the experiments attention maps were 
used for comparison to see if similar AOIs attracted people’s gazes. They were compared visually 
which showed that the real model had tighter clusters of gaze fixation points compared to the virtual 
product. 

5. Conclusions 

The study is rather small and all the participants were staff and students available at Loughborough 
University at the time of the study. This group of participants are however to be felt suitable for this 
research as it is a comparison study between traditional 2D viewing and the new 3D methodology. 
The natural movement of the participants were restricted by asking them to keep their elbows on the 
table and to keep the product at a constant distance to reduce tracking issues. As the RePETS system 
produces relative coordinates within space it would be possible in the future to introduce minimum 
and maximum ‘head to product’ variables to eliminate wayward tracking points. The participants were 
also asked to keep a hand fixed on the product. When asked to reflect on the experiment, none of the 
participants felt that either constraint had been a big hindrance in examining the product. This may 
have been due to the chosen product being an iron, as the handle is an obvious and comfortable place 
to hold. However, from observation when the participants were first handed the product a number of 
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them did move their hands when examining the object. This could have been adjusted for within the 
biomechanical software but recalibration would have been required at each stage. This is also a 
problem with many existing eye tracking systems where [Goldberg and Wichansky 2003], suggest 
“recalibration every few minutes”. 
The virtual model viewed on the 2D screen was limited as the photorealism was reduced to allow for 
quicker rendering of the animation. The observation time was also restricted to 20 seconds for each 
question to help reduce the post processing time. The photorealism was reduced even more with the 
virtual model that could be spun in any orientation as it required real time rendering. Creating more 
photorealistic virtual models including blemishes may enhance the realism of viewing a virtual 
product. Future research in to the emotional responses of handling a real 3D object would also be of 
interest. 
Even though there are a number of restrictions the findings from the research did show that the 
RePETS system can be used with real products. This allows for a more natural evaluation to be 
undertaken compared to viewing virtual models. It also appears to illuminate the central bias issues of 
requiring the use of a monitor to view a virtual model. The use of attention maps cannot be used to 
draw conclusions of why people looked at specific areas, but they can be used to point out regions that 
attracted people’s attention and how clustered the fixation points are within those regions. Using a 3D 
model allows the heat maps to vary when viewing a product at different angles which could be used 
for example within engineering design to improve the aesthetics or the clarity of information be it 
either printed or semantic of a product when it is used in certain ways. This would have an advantage 
over designing it purely from the direction that the designer perceives it will be used. 
The use of AOIs allows for a more statistical analysis to be performed allowing for total dwell times 
along with number of fixations within the AOI to be measured.  The results of the experiment showed 
that when reviewing the real product, longer fixation times and larger fixation numbers with the AOIs 
were produced indicating more interest in the AIOs. Using 3D AOIs allows for a more informative 
summary of how a product is evaluated rather than a static image. This in turn could help improve the 
product’s features, for example a popular AOI could have better quality materials assigned to it then 
less popular areas, such as in the design of a car instrument panel. 
There is a large amount of measurements and analysis that can be performed with eye tracking data 
(eye tracking as a research tool can provide its users with over one hundred different measures), so the 
ability to accurately plot eye tracking data on to a 3D model may prove useful in developing real 
product analysis in the future. It is also possible that the findings may help or adjust virtual product 
analysis to reflect how a real product is actually reviewed. 
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Abstract 

Technology has been used to assist in communication and con-
cept development by artists, designers/inventors, engineers, cli-
ents, manufacturers and others.  [1-3]  The use of technology to 
aid artists capture what they see has been used since the Renais-
sance with the introduction of the camera lucida and the camera 
obscura.  
  
A modern method to assist in capturing how people see is to use 
eye tracking technology. The data collected from eye tracking 
experiments is widely believed to reflect what within the viewing 
space is being assessed. The analysis of this data can be output in 
statistical form, or as 2D graphic overlays placed on top of flat 
images.  The innovation described in this paper is the application 
of a new methodology developed to allow quantitative eye track-
ing data to be used as a basis to create 3D sculptural forms.  
 
This paper is structured with first a brief explanation of eye track-
ing, leading to the description of the new 3D eye tracking meth-
odology.  The results from the test and the final output are re-
viewed in the analysis including the lessons learned and the pos-
sible areas for improvement. 
 

Keywords 
Eye tracking, 3D sculpture, virtual avatars, 3D scanning, rapid 
prototyping, subsurface etching. 

 Introduction 
 
Technological developments and artistic works have al-
ways been closely related whether as a direct link or in an 
abstract sense. Developments in technological tools used 
for analyzing vision have had profound effects on how we 
see the world. It questions the way we perceive objects, the 
way we acquire knowledge and how we comprehend the 
world. Within the realm of art, technological developments 
have had a distinct impact on artistic representations. One 
of the most interesting periods for comparison when look-
ing at the introduction of new technology and its affect on 
the development of art and the perceived differences be-
tween vision and representations can be found by examin-
ing the attitudes of the Italian Renaissance artists to those 
of the 17th Century Dutch artists.  
 

 Italian representations were based on the conceptual 
notions of perfect beauty and poesis. Artists selections 
from nature were chosen with an eye to heightened beauty 
and mathematical harmony - an ordering of what was seen 
according to the informed choices and judgment of the 
artist based on particular issues and concepts rather than as 
a form of representation where the single most important 
reference is the natural appearance of things. [4] 
 
 In contrast Dutch 17th century Renaissance painting was 
heavily influenced by the use of technology to assist in the 
act of seeing. During the century several experiments were 
carried out to perfect the accuracy in which technology 
could mechanically assist seeing. New technologies be-
came very popular during this time with a number of dif-
ferent styles of “cameras” and optical lenses being de-
signed to address the popular needs of the artists to help 
them in their observations of nature. [5] This new technol-
ogy that could enhance sight through microscopic close 
ups, reflections and enhancement of distant views was seen 
as a new way of gaining knowledge and brought insights 
into how we see. 
 
 It is interesting to note that David Hockney’s research 
into the use of mechanical aids in Renaissance paintings 
has revealed that the aforementioned Italian artists also 
used the camera obscura but only as a reference tool for 
placement accuracy without incorporating any of its effects 
directly into their landscape paintings. [6] 
 
 Each technological tool type influences the nature and 
structure of artistic conceptualization and production. Each 
tool type has it's own characteristics, as well as its own 
strengths and weaknesses. For the development of observa-
tional 3D sculptures described in this paper the modern day 
electronic tools of the computer and eye tracker were used.   
 
 Computers have been used for the creation of artworks 
as early as the 1960s.  Michael A. Noll, a researcher at Bell 
Laboratories in New Jersey created some of the earliest 
computer generated images, among them Gaussian Quad-
ratic in 1963. The works of John Whitney, Charles Csuri 
and Vera Molnar in the 1960s remain influential today for 
their investigations of the computer-generated transfor-
mations of visuals through mathematical functions. [7]  
Eye trackers have also been used to create art, however, 
from the literature review undertaken it appears that they 



have only been used to create two dimensional representa-
tions. One of the most high profile experiments using an 
eye tracker and bespoke software to draw images was the 
Eyewriter project which helps people suffering from ALS 
(Lou Gehrig’s disease) such as the legendary LA graffiti 
writer, publisher and activist, named Tony Quan, aka 
TEMPTONE, who was diagnosed with ALS in 2003, a 
disease which has left him almost completely physically 
paralyzed… except for his eyes. [8] The graffiti produced 
with the technology was projected onto buildings and walls 
in Los Angeles.  Regarding exhibitions of eye tracked art, 
one of the most recent was at the Riflemaker gallery in 
London in March 2015 where they exhibited 2D portraits 
drawn by the artist Graham Fink who uses custom eye-
tracking software to transform his gaze into a medium. [9] 
 
 Duchowski, describes eye tracking as a tool that collects 
data on eye position, gaze path; time spent looking at a 
stimulus or fixations at objects along with numerous other 
variables. [10] The data collected from eye tracking is used 
in experiments to determine where the users are looking. 
This is widely believed to reflect what within the viewing 
space is being assessed. Eye tracking experiments have 
been performed for several decades already and on various 
research fields. [10] However, researchers have empha-
sized that some common details e.g. scanning path, number 
of gazes, percentage of participants fixating an area of in-
terest, and time to first fixation on target area of interest 
were interesting measures for research, but that they have 
often been overlooked during analysis in many studies. 
[11-12] 
 
 Eye tracking glasses such as the one used in this re-
search, the Tracksys ETG (see figure 1) work by capturing 
a user’s focus whilst looking at an object. This is accom-
plished through special hardware including glasses with 
built in infrared cameras, and specialized software which 
gathers X, and Y locations by tracking the user’s pupil 
once a calibration session have been undertaken. Fast 
movements of the eyes (saccades) are recorded along with 
fixations gaze points, which are then combined into scan-
paths. Most eye tracking systems come with some form of 
analysis software that helps to abridge the data gathered 
into meaningful statistics or visual results.   
 
 The uses of eye-tracking methods have made possible 
the close examination of the conscious and unconscious 
gaze movement of a respondent in visual systems research. 
[13-15]  The human visual system starts with eye move-
ments, which are linked to perceptual systems; it is the 
close relation of these movements to attentional mecha-
nisms, saccades, that can provide insight into cognitive 
processes, e.g. language comprehension, memory, mental 
imagery and decision making. [9]  
 
 Richardson and Spivey cited early empirical findings 
from Perky, Clark, Stoy, Goldthwait, and that the frequen-
cy of eye movements increases during mental imagery.  

 
Figure 1. Tracksys ETG 60Hz binocular tracking glasses. 
 
[16-21] In addition, their recent work suggests that eye 
movements were related to both memory of specific per-
ceptual experience and cognitive acts of imagination. [16] 
Levy-Schoen emphasized, ‘to the extent that eye move-
ments are reliable correlates of the sequential centering of 
attention, we can observe and analyze them in order to 
understand how thinking goes on.’ [22] The use of eye-
tracking for aesthetic-based research by Fischer et al. Rus-
so and Leclerc, Malach et al. and many other works report-
ed in Jacob and Karn were founded on similar grounds; 
namely the correlation of eye movements and visual per-
ceptual systems. [11],[23-25] 
 
 From the literature review undertaken it appears that eye 
tracking has never been used as a basis to create 3D sculp-
tural work. However, within the field of art, eye trackers 
have been used to investigate visual exploratory behavior 
of paintings. [26-33]  The areas receiving high densities of 
fixations have been understood as indicating the observer's 
interest in informative elements of the image. [27] The 
studies of aesthetic judgment driven by neural primitives 
have mainly focused on the analysis of image composition, 
i.e. the relation among visual features of an artwork. [28]  
To begin, the entire visual field is processed in parallel to 
generate a mental plan that is weighted according to the 
task. Next, eye movements are performed in order, visiting 
the strongest or most interesting feature first and proceed-
ing to the weakest or least interesting. From this bottom-up 
driven process, aesthetic experience appears to be influ-
enced by elements such as balance contrast and symmetry. 
[29–33]   Further work has identified other properties that 
attract the attention of an observer to specific areas of in-
terest (significant regions of an image). [34] These factors 
include curves, corners and occlusions as well as edges, 
lines, color and orientation and contrast of luminance. 
There is also evidence that a modest degree of complexity 
increases the aesthetic appeal of visual stimuli. [25-37] 
 
 To use eye tracking to create a sculptural shape an object 
on which the form could be based was required. It was 
decided that a human face as a 3D form held enough of 
these areas of interest and complexity to act as the main 



source of inspiration.  Faces are special objects in human 
perception. Infants learn about faces faster than other ob-
jects. It is as if we are born with visual systems primed to 
learn to recognize important humans, such as our own 
mothers. [38-40] 
 
 Observing the face would also engage the use of top- 
down cognitive processes with intentional direction of at-
tention as well as focused attention in terms of eliciting the 
simulation of emotions and sensations. Several studies 
have shown that the face is generally the first part of the 
body that is scanned in portraits activating a constructed 
visual encoding, instead of the more common analysis of 
individual features. [42-45] This is thought to be due to the 
face being constituted of a set of 3D objects which seem to 
be mentally represented in a holistical way. [44-46]  Re-
search has shown that when observing a face the observer 
can prioritize their gaze towards ‘diagnostic’ features. 
There is reason to believe that both the familiarity with the 
human face, and its typical representation can often result 
in a gaze strategy where the goal is to get as much infor-
mation as possible. [47-49] 
 
 From the research undertaken into eye tracking of faces 
it appears that the first point of interest of the face is to-
wards the internal region, particularly towards the eyes and 
bridge of the nose. [50-55] This first point of interest might 
be anchored onto a position which provides a perceptual 
span that either covers the whole stimulus or that maximiz-
es the area of the object which is included within the re-
gion of high resolution acuity. [50],[58] This extended 
scanning of the face would be ideal for capturing large 
amounts of eye tracking data to construct a facsimile in the 
form of a 3D sculpture.  
 

Eye tracking 3D objects 
 
The main goal of the research was to see how it was possi-
ble to translate the transitory visual dialogue created by 
observing a model into a tangible three dimensional  ob-

ject.  To capture eye tracked points from an observer view-
ing a 3D object using 2D eye trackers, and then translate 
this captured data back into a virtual 3D space, a number of 
issues that needed to be addressed. The premise was to 
capture where the observer was looking at the 3D object. 
Take these points and the relative positions of the observer 
and the 3D object and place them in a virtual environment. 
Within this virtual world, re-project the eye tracked points 
from the observer to the virtual 3D model. Where these 
points intersected the virtual model, voxels could be creat-
ed highlighting where the observer had spent time looking. 
These points in space would then be the basis to create a 
3D sculpture (see figure 2) 
 
 Firstly through observational studies it was shown that 
observers do not keep their heads still when reviewing an 
object. Even if an observer is looking at a relatively small 
object, small head movements are observed which often 
pre-empt the movement of the eyes by tilting their head in 
the appropriate direction. If an object such as a sculpture is 
observed the user will naturally move around the object 
and tilt their head to get a better view of the static object. 
Therefore some sort of tracking system to record the rela-
tive position of the head would be required.  
 
 A number of options were available; firstly an electro-
magnetic positional tracker such as the Polhemus Patriot 
system could be applied. This uses a single sensor that con-
tains electromagnetic coils that emit magnetic fields.  The-
se fields are detected by the aforementioned sensor. The 
sensor is connected to an electronic control unit via a ca-
ble, the sensor's position and orientation can then be meas-
ured as it is moved. As the sensor is tethered via a thick 
chord to the control unit, the use of these sensors is limited.  
Previous research into eye tracking objects by Lukander 
used a polyhemus system fitted to a users head to track the 
head position and then directed the gaze points on to a mo-
bile phone face using a computer software. This only re-
quired the relative head position to be calculated and ac-
counted for as the phone was held in a fixed position on the 
users lap. [59]  
 

Figure 2. Graphical representation of the methodology to produce 3D sculptures from eye tracking data. 



 To avoid tethering, the second option is to use optical 
motion capture. The two most common forms are either 
Passive or Active.  Both systems apply markers to a user 
and then use special video cameras to track the marker’s 
position. Reflective (Passive) optical motion capture sys-
tems use infra-red LED's mounted around the camera lens, 
along with an infra-red pass filter placed over the camera 
lens. The light emitted from the camera mounted LED’s 
are reflected off the markers, which are then captured, by 
the cameras. The advantage of this system is that the mark-
ers do not need to be powered, but the system can suffer 
from unwanted noise or loss of marker positions, resulting 
in the need for extra post-production time to clean up the 
data.  Optical or Active motion capture systems are based 
on pulsed-LED's measure the Infra-red light emitted by the 
LED’s rather than light reflected from markers. These sys-
tems have the advantage that the LED’s are generally 
smaller than the reflectors but on the negative side each 
LED needs its own power supply.  
 
 The chosen route used in the experiment was to use the 
passive system. Similar to Lukander, markers were origi-
nally placed on the observer. After some experimentation it 
was found that the movements of the head of the user 
whilst observing the model, combined with the eye tracked 
positional data caused too many inaccuracies with the rec-
orded data.  To overcome this issue, more markers were 
added to the observer, but the system could not be calibrat-
ed enough to eradicate the inaccurate readings. The solu-
tion was to attach the markers to the model’s head, which 
only slowly turned (see figure 3). The observer was able to 
keep their head still by resting their chin on a chin mount. 
With this arrangement there was the downside that the ob-
server would often look at the markers, rather than just the 
head, but the accuracy was greatly increased. The markers 
also had another advantage as acting as calibration markers 
on the model. 

 
 Once the relative 6-axis positions and rotations of the 
object was recorded the next stage was to import all the 
data into a 3D CAD system. The relative positional co-
ordinates were exported from the biomechanical software 
associated with the passive tracker system in to a new be-
spoke software package developed by the author entitled 

PO3TS (Positional Observational 3D Tracking Software).  
The model’s head was scanned using a NextEngine 3D 
scanner and then also imported in to PO3TS. To this model 
the appropriate motion patterns were applied so the head 
became animated. 
 
 An avatar head of the observer using their eye distance 
parameters was modeled and imported into the new soft-
ware.  The eye tracking data was then also taken in to 
PO3TS and parsed to select individual gaze fixation points 
along with their increment number and time stamp. The 
gaze fixation points in relative XY coordinates to the head 
were applied to a plane at the same distance as the scanned 
model’s head. These points were then projected using a 
vector from the observer’s eye, through the point on the 
plane to intersect with the virtual head’s surfaces. Where 
these projected points intersected with the surfaces an in-
tersection point was created in the shape of a cube. (see 
figure 4). The alpha setting of the material applied to the 
intersection cubes was set at 50%.  The more spheres the 
darker the area became, so creating a basic 3D heat map 
which could be used for comparison with the 2D heat maps 
created by the eye tracking software.   
 
 To gauge the accuracy of the system the passive markers 
were used as calibration targets. The observer looked spe-
cifically at the center of one and then asked to look at the 
next. The eye tracking data was then put through PO3TS. 
Reviewing the results through the software it showed that 
the gaze position data applied was on average accurate to 
within +/- 2 degrees of the fixation of actual target. This 
meant that areas of interest could be easily identified, but 
specific details on the head may have been difficult to 
identify with the PO3TS system by itself. In anticipation of 
any issues regarding accuracy of the plotted points within 
the PO3TS system a time stamped video showing where 
the observer had looked at the model through the use of a 
red laser dot was also recorded. 
 

 

Figure 3. Model with passive markers. 
 

Figure 4. Processing section of eye tracked points using 
PO3TS software. 
 



Analysis 
 
The software which comes with eye tracking systems pro-
duces a number of parameters that can be useful as outputs 
for analysis.  Jacob and Karn reviewed  24 eye tracking 
usability research studies and listed six of the most com-
monly used parameters: overall fixation count,  percentage 
of the total time spent on each area of interest, average 
fixation duration, fixation count on each area of interest, 
average dwell time on each area  of interest, and overall 
fixation rate. [11] Within the PO3TS system the following 
were used:  

− average fixation duration on each area of interest. 
− fixation count on each area of interest. 
− transition fixation points between different areas 

of interest to see how the participants looked be-
tween areas of interest. 

 
 All three of these parameters are based on the location 
and duration of saccades and gaze fixations. Saccades are 
the rapid movements between fixation points during which 
the brain does not receive visual information. Gaze fixation 
points are created when the participant’s eyes are relatively 
still and focused on a specific target. There are several def-
initions of fixations and their duration. The common fixa-
tion duration is between 200 and 300ms.  Different systems 
use different algorithms to calculate them. Within the 
PO3TS system minimum, only fixation duration larger 
than 250ms were used.  Using these three parameters dif-
ferent results could be produced by adjusting the infor-
mation input into the PO3TS system.  
 
 Before the tests began it was assumed, as stated by 
Hammer & Lengyel, that areas of interest which caught the 
viewers’ attention could easily be located by the help of 
eye-tracking. [12] The new PO3TS system could undertake 
this task within +/-2 degrees of accuracy.  Replicating ex-
isting research, internal parts of the face; eyes, nose and 
cheeks, were explicitly focused on more than the rest of the 
face. This occurred whilst the model’s head was still and 
also whilst it moved with the same regions being the main 
areas of interest whilst the head was positioned at different 
angles (see figure 5). The only difference being that the 

cheeks had more gaze concentration when the face was 
oblique to the observer.  
 
  The resultant information created a number of cluster 
areas of interest. The fixations indicated that the visual 
attention of the observer was predominantly targeted at the 
center of the face just below the eye sockets in addition to 
the eyes. However, the other areas of interest around the 
face were not sufficiently linked together to be able to be 
output to a 3D rapid prototyping machine without a lot of 
support material being needed between the regions.  
 
 To overcome this linking issue, a sculpture was created 
using subsurface laser engraving. Sub-surface laser engrav-
ing is created by focusing a laser below the surface of a 
transparent material where it causes small fractures to ap-
pear so that the points are seen as being suspended in the 
material (see figure 6). The materials used for this engrav-
ing needs to be of high-grade optical quality to minimize 
distortion of the beam. This type of process is often seen in 
‘crystal’ souvenirs.  
 
 This produced an interesting sculptural form, but was 
restricted by the size of single crystal block available and 
the inherent cost of this material. To develop a larger 
sculptural piece the observation of the model’s face re-
quired further data to hopefully produce enough data points 
so that they linked together to be able to form a viable 
structure for 3D printing. This required the observer to 
consciously try and look over more of the face of the mod-
el. This was a forced experiment and it was interesting to 
note that the gaze point collections of the first observation 
were different  as the observer was trying to be more sys-
tematic. There is evidence that eye movement patterns are 
affected by the cognitive task based on studies of humans 
on high-level scene perception as well as from visual aes-
thetic studies. [27]  Zangemeister and colleagues also 
found that the gaze patterns of the same artworks whether 
abstract or realistic changed as a observation task was 
changed. [55-56]  During this extended observation there 
were more wayward points observed then the first sessions.  
This is also a problem with many existing eye tracking 
systems where Goldberg and Wichansky suggest ”recali-
bration every few minutes”. [57] 
 
 As the PO3TS system produces relative coordinates 
within space it was possible to introduce minimum and 
maximum ‘observer to model’ variables to eliminate some 
of these wayward tracking points. The parsed data could 
then be extrapolated from the PO3TS system into Rhino 
CAD software. Within Rhino some post production clean-
ing up took place which allowed for the resultant voxels to 
be output as a water tight 3D object that could be convert-
ed into an stereolithography model ready for 3D printing 
(see figure 7).  
 
  
 

Figure 5. Observing the model whilst being motion tracked. 
 



Conclusion 
 
Technology has been used for many years to enable artist’s 
to produce their work. The PO3TS system is another tool, 
it does not produce a finished object but facilitates creativi-
ty by converting the narrative of vision to the production of 
unique sculptural forms. 
 
 Even though there are a number of restrictions the find-
ings from the research did show that the PO3TS system 
can be used with 3D models to create sculptural forms that 
capture the original representation whilst maintain an ab-
stract form. The author is further developing the methodol-
ogies and the software to be able to output variations of the 
forms, both in their complexity and in the nature of the 
data collected. Possible future outcomes could be from 
multiple observers viewing the same object to create a col-
laborative sculptural piece. The methodology could also be 
used to capture more transient moments such as capturing 
the movement of a moving object such as dancers. 
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