
 
 
 

This item was submitted to Loughborough’s Institutional Repository 
(https://dspace.lboro.ac.uk/) by the author and is made available under the 

following Creative Commons Licence conditions. 
 
 

 
 
 

For the full text of this licence, please go to: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ 

 



 
  

 

 

 

 

IDATER Online Conference:  

 Graphicacy and Modelling 
 

 

 

 

 

 

Edited by  

Professor Eddie Norman 

Loughborough University  

Dr Niall Seery 
University of Limerick 

 
 
 
 
 
 



 
  

 

 

 
 
 
 
 
 
 
 
 
 

 
 
 2011 Design Education Research Group, Loughborough Design School 
 
Produced by IDATER, the International Conference on Design and 
Technology Educational Research and Curriculum Development in 
association with Loughborough Design School, Design Education 
Research Group and University of Limerick, to accompany the online 
conference Graphicacy & Modelling held at University of Limerick, 
December 14th 2010. 
 
 
ISBN 978-1-907382-51-2  
 

 
 
 
 
 
  

         
     

 
            

     
 

   



 
  

 

 

Contents  
 

Acknowledgements 
 
Understanding graphicacy  
Professor Steve Garner 
 
Online conferencing: designing and innovation  
Professor Eddie Norman & Dr Niall Seery 
 
Vision, modelling and design 
Professor Ken Baynes 
 
Purposes of drawings in design sketchbooks 
Dr Owain Pedgley 

 
A review of the nature, provision, and progression of graphical 
education in Ireland 
Dr Niall Seery, Raymond Lynch, & Rónán Dunbar 
 
'Blurring the boundaries': a metaphor to guide the 
development of specialist learning spaces as part of an 
academy design development project 
Dr Donna Trebell 
 
Continuity and progression in graphicacy 
 Xenia Danos & Eddie Norman 
 
The elephant in the room: the influence of prevailing 
pedagogical practice on the integration of Design and 
Communication Graphics in the post-primary classroom 
Oliver McGarr  
 
What is the role of observational drawing in contemporary  
art & design curricula? 
Michelle Fava 
 
Examining sketching ability within initial technology teacher 
education 
Diarmaid Lane, Dr Niall Seery & Dr Seamus Gordon 
 
Defining the variables that contribute to developing 3D CAD 
modelling expertise 
Anthony Rynne, William F Gaughran & Dr Niall Seery 
 
Eye-tracking experiment to test key emerging principles of the 
visual communication of technology 
Cheng-Siew Beh & Kevin Badni 
 
Differences in the epistemological beliefs of postgraduate  
pre-service teachers 
Dr Raymond Lynch 
 
Authors’ Pages 

 
1 
 
3 
 
 
5
 
 
17 
 
 
27 
 
 
51 
 
 
 
69 
 
 
 
 
103 
 
 
121 
 
 
 
 
129 
 
 
 
143 
 
 
 
161 
 
 
 
179 
 
 
 
209 
 
 
 
221 

 
 

Foreword 
 
 

Editorial 

 
1 

 

2 
 

3 
 
 

4 
 
 

5  
 

6 
 
 

7 
 

8 
 

9 
 

10 
 

11 
 

 
 
 



 
  

 

 

 
 

 
 
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).   
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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) 

+   +   + 
    +    + 
+   +    + 

+   +   + 
    +    + 
+   +    + 

181

Eye-tracking experiment



 
  

 

 

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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VCT 
princ
iples 

Rationale of 
visuals’ 
selection 

Current examples  
(have evidence of effective impact 
in communication) 

Historical evidence  
(Ferguson, 1993) 
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(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) 
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(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. 

 

Eye-tracking experiment  
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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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