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ABSTRACT  
The importance of the ambience presented by instrumentation in the vehicle of today is of great 
significance for the automotive industry. The rapid technological development of electronic 
equipment has enabled the large amount of information devices in the drivers’ environment. The 
types of driver information and their appearances are well identified by car manufacturers, but there 
is a lack of knowledge regarding drivers’ perceptions of instrumentation clusters as well as their 
appearance. To increase this knowledge a study was conducted in order to measure these 
perceptions. Twenty-three subjects were studied using a method consisting of eye-tracking, 
assessments and interviews. Each subject was to view eight clusters and to assess each cluster 
according to six different semantic descriptions. The interviews were based on the subject’s 
individual eye-tracking data. The subject was monitored by an eye-tracking equipment during the 
assessment task. The results showed that there were some significant correlations between time 
spent viewing a cluster and its assessment. Moreover, the results also give a view on how clusters 
are assessed and why they are assessed in particular ways.  

 
INTRODUCTION 
The rapid technological development of electronic equipment has enabled a large amount of 
information devices in the drivers’ environment. This information is designed by car manufacturers 
to be usable and safe for the driver. However there is a lack of knowledge when it comes to how the 
visual appearances of the information devices are perceived and how they should be measured 
(Kukkonen, 2005). Eye-tracking is a tool that could be useful when determining the visual 
perception of appearance.  

Eye-tracking is 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 (Duchowski, 2003). The amount of data 
collected with the aid of eye-tracking would not be economically feasible or tolerably time 
consuming with any other method (Renshaw, 2004). Eye-tracking is used today in the automotive 
industry for measuring response times for subjects in given tasks while driving (Duchowski, 2003).  
 
Human beings observe stimuli in different ways depending on why the stimuli are observed and 
what there is in the person’s mind while observing the object (Yarbus, 1967). The triggers to move 
the eyes are different according to the specificity of the task (Rayner, 1995). The pattern of the 
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gaze-path and fixations differs with regard to whether a person is supposed to just observe a 
stimulus with her/his own preferences in mind or whether the person is requested to find objects in 
the stimulus, or rate the stimulus according to a specific task (Koivunen, Kukkonen, Lahtinen, 
Rantala and Sharmin. 2004; Kukkonen, 2005). The viewing behaviour changes as the task changes, 
but a way of addressing this issue is to look for similar scene context effects on fixation time across 
tasks (Duchowski, 2003). To see how large differences there are among different tasks and in order 
to get meaningful eye-tracking data on the perceptions of the design in the present study, several 
statements to assess were to be presented to the subjects. To find suitable statements to present, the 
semantic evaluation methods SMB (Küller, 1975) (semantic environmental description) and PSA 
(Wikström, 2002) (product semantic analysis) were looked upon.  

SMB is a tool for making evaluations of architecture, i.e. how a person experiences an environment. 
SMB has proved to function when evaluating other types of designs, such as for instance evaluation 
of car interiors (Karlsson, Aronsson, Svensson, 2003; Laike, 1999). This has been of importance 
when choosing SMB as inspiration to formulate the questions used in the present study, which is 
mainly aimed at car instrumentation cluster design.  

PSA is a method for valuing and giving a measure of a product’s semantic functions. In PSA, 
descriptive words for characteristics are formulated with several different types of products in mind. 
PSA includes a study for evaluation of car design.  

This study is a pilot study and an attempt to study if it is possible, or desirable, to carry out more 
research in the area of design evaluation with eye-tracking. The aim of this particular study is to use 
eye-tracking for evaluating visual perceptions of design in car instrument clusters, e.g. to study if 
the use of eye-tracking can make evaluation of design concepts efficient and accurate and generate 
quantifiable data out of an area of subjective evaluation.  

The main aims of this study are:  

• To study if perceptions of design can be evaluated with the help of eye-tracking.  
• To study if subjects view instrument clusters that they find more attractive longer than less 

attractive clusters.  
• To compare and analyze possible relations between the time spent looking at a cluster, and 

the assessments on the cluster.  
• To identify objects in the clusters that draw a considerable amount of attention.  

 
 

 
METHOD 
 
Material  
The present study uses three approaches to investigating perceptions of design, see Figure 1. The 
assessment task is done to get an assessment of the clusters, eye-tracking to see where the subject is  

looking when making these assessments, and an interview to get a deeper understanding on why 
these assessments were made.  
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WHAT 
assessments 

WHERE 
eye-tracking 

WHY 
interviews 

visual evaluation of 
APPEARANCE 

 
Figure 1 – Eye-tracking needs to be combined with other methods to evaluate appearance. 

 
The assessment task utilized the two semantic evaluation methods SMB and PSA. SMB uses 
descriptive words for characteristics. There are a total of 36 words of characteristics divided in eight 
dimensions. These dimensions are: “pleasantness”, “complexity”, “unity”, “enclosedness”, 
“potency”, “social status”, “affection” and “originality”. Six of the dimensions of SMB were 
utilized when formulating statements in the present study. The category “enclosedness” was not 
utilized since it is difficult to apply to an instrument cluster because the subject is not located inside 
the cluster. In PSA, descriptive words of characteristics are formulated with several different types 
of products in mind. It is only these words that are utilized from PSA in the present study. PSA 
describes several different studies and one of the studies used to assemble the PSA method is a 
study to describe car interiors. In the present study the category of “potency” from SMB was not 
utilized since the focus groups formulating the words for the car design evaluation study within 
PSA, did not think it was important for car interiors. The other words used in the car interior 
evaluation in PSA were used in the present study since they are believed to be important in car 
interiors. Statements were formulated to represent the remaining six SMB dimensions with words 
believed to be important in car interiors. The statements were to be answered according to a seven-
grade Likert scale. The first and the last statement the subject comes across are the same, e.g. a 
control factor.  

Eye-tracking is used to determine where in a viewed cluster the subjects are looking. This is 
believed to give data on what in the cluster is being assessed when the assessment task is 
performed.  

The interviews are believed to give a deeper understanding of why the subjects assessed the clusters 
in a particular way when looking at a particular place in the cluster.  

Subjects  
Twenty-three subjects participated in this study. The subjects were gender balanced; 11 females and 
12 males, average age 25 years old. The subjects were students and available at Luleå University of 
Technology at the time of the study and they were willing to participate voluntarily. This group of 
subjects are however suitable for this study since they are likely to be a good target group in the 
future for the automotive manufacturers.  
The subjects were split up into four groups (Figure 2). Half of the subjects were to view eight 
instrument clusters, clusters 1-8. The other half of the subjects were to view eight different clusters, 
clusters 9-16, to get a larger diversity of clusters (Figure 3). Two clusters appeared in both these 
groupings as reference clusters when looking for differences between the groupings. Half of the 
subjects that viewed clusters 1-8 were presented the clusters in a specific order, and the other half 
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were presented the clusters in a reversed order. The same reversal of clusters was done for the 
subjects that viewed clusters 9-16. The reversal of the clusters was made in the present study to 
examine if the order and placement would impact on how the clusters are viewed and assessed.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Clusters 
 1-8 

 

gr.1 
 

gr. 2 
 

gr. 3 
 

gr. 4 

forward order reversed order 

Clusters  
9-16 

Figure 2 – Grouping of subjects. 
 
 

Groups 1 & 3, clusters 1-8 Groups 2 & 4, clusters 9-16  

 
Figure 3 –All clusters used in the study. Groups 1&3 viewed clusters to the left, groups 2&4 viewed clusters 

to the right. Two clusters are reference clusters and used in both groupings. 
 
Procedure 
All participants went through the same procedure one by one. They had the same instructions and 
assessed the clusters under the same environmental conditions.  
The test leader informed the subjects that they would view instrument clusters and the subject was 
asked to assess the visual design according to several statements. The subjects were to sit in front of 
a 17” computer screen monitored by a Tobii x50 eye-tracking equipment. The subjects were 
instructed to sit 60 cm away from the screen and the height was adjusted so the subjects’ eyes were 
in line with the centre of the screen (Tobii Technology, 2006). On the desk in front of the subject, a 
pile of papers with statements were placed. There was one statement on each sheet of paper and the 
clusters were to be assessed on a seven grade Likert scale, ranging from one to seven where one 
corresponds to “not at all” and seven to “very”.  
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The test leader informed the subjects that they would first view four different instrument clusters to 
be assessed according to the statement printed on the first sheet of paper. The clusters would first 
appear on the screen one by one. For the following statements, all four clusters were presented at 
the same time. The reasons for displaying the clusters one by one was both to enlarge the clusters so 
that small details that point out would be easier to find, and to compare if the different presentations 
would affect the assessments. The reason for displaying all the four clusters at the same time is that 
it was time saving. When displayed one by one, the first cluster was called “A”, the second “B”, the 
third “C” and the fourth “D”. The test leader informed the subjects that the letter corresponding to 
the assessed cluster would be written next to the scale on the sheet of paper. The subjects were then 
asked to tell the test leader when the assessments of one cluster had been made, so the test leader 
could change to the next cluster.  

The subjects were informed that when all four clusters had been assessed one by one according to 
the first statement, then all clusters would all appear at the same time on the screen for the rest of 
the following statements. Here cluster “A” was in the top-left corner, cluster “B” in the top-right 
corner, cluster “C” in the lower-left corner and cluster “D” in the lower-right corner. The subjects 
were informed that all four clusters on the screen would be assessed according to six different 
statements. The subjects were then asked to tell the test leader when the assessments according to 
one statement had been made, so that the test leader could change to the next question. For the first 
statement the clusters were presented one by one on the screen, and after that all four clusters were 
presented on the same screen. This was to compare if there were any differences in the way in 
which the statement “Attractive/good looking” would be assessed in the two different presentations.  

The assessment task started with the following statement that was given when the clusters appeared 
one by one:  

“Attractive/good looking”  
 

The following statements were given in the following order when the clusters appeared four at the 
same time:  

“Easy to understand and read out information” 
“Unconventional” 

“Clean design” 
“Exclusive/fashionable” 
“Pleasurable to look at” 

“Attractive/good looking” 
 

When these questions were completed for the first four clusters, the test leader informed the 
subjects that a set of four other clusters should be assessed in the exactly same way. This was done 
to get a larger diversity of clusters.  
After the subjects had viewed all eight clusters, an interview was conducted to first gather some 
background data of the subjects i.e. gender, age, education, if the subjects has a driver’s licence, if 
the subject drives a car, the subjects’ preferences concerning what a car instrumentation should 
include and how important the appearance of the instrumentation is. The rest of the interview was to 
get a deeper understanding on why the subjects had assessed the clusters in a particular way. Gaze 
duration heat-maps of where the subjects had gazed when considering the different statements were 
compiled and shown to the subjects. The subjects could study the heat-maps while the test leader 
asked for each cluster, why the subjects had gazed in the places shown by the heat-maps and why 
the particular assessments had been made. The questions asked were “Why did you look at this 
specific area?” and “Why did you give this cluster this specific assessment?”.  
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RESULTS AND DISCUSSION 
 
Reading direction 
All of the participants tended to look at the clusters in a Western reading direction. Kukkonen’s 
studies (2005) came to the conclusion that when viewing two pictures side by side, the left was 
looked upon first in 78% of the cases. In this study the average total viewing time spent on the left 
side was also 2796ms compared with 2283ms for the right side. When looking at four objects 
together on one screen as in the current study, another pattern arose – all subjects started to follow 
the Western reading direction when looking at the clusters. All subjects started to look at the centre 
of the screen when no clusters were displayed. When the clusters appeared on the screen, their 
gazes went up to the top-left corner of the screen, followed by the top-right corner, the bottom-left 
and the bottom-right (Figure 4). However, as the subjects had already had a look at the clusters 
before they were all put together on the screen, this may have affected how long the clusters were 
viewed. A certain cluster may have aroused the subject’s like or dislike, for which reason the cluster 
would have been given further examination and thereby longer viewing time.   
 

 
Figure 4 – One subject’s viewing order. The viewing is processed in the same order as reading a text in the 

western world; left to right, up to down. 
 

Cluster order 
The results were statistically analysed using independent samples t-tests. The clusters were 
analyzed in two groups, clusters 1-8 which were viewed by the subjects in groups 1 & 3, and 
clusters 9-16 which were viewed by the subjects in groups 2 & 4. The clusters were viewed in both 
forward and reversed direction. Significant differences between the orders are displayed in Table 1.  
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Table 1 – Significant differences between cluster orders. a

                  
         

Cluster Statement 
Measured 
quantity 

Mean, 
forward 
orderc

Mean,  
reversed 
orderc

Std. dev.  
forward 

order 

Std. dev. 
reversed 

order t significance
                  
         

1 to 8a         
C Attractive/good looking¹ assessment 3.4 5.2 .89 .75 -3.50 .01 
         

9 to 16b         
A Unconventional viewing time 2741 15330 544 13533 -2.28 .05 
A Exclusive/fashionable viewing time 3120 10005 1877 5479 -2.91 .05 
B Clean design assessment 6.0 4.2 .89 .98 3.38 .01 
B Clean design viewing time 2108 8272 1239 6148 -2.41 .05 
B Exclusive/fashionable viewing time 2094 8189 1624 5796 -2.48 .05 
B Attractive/good looking ² viewing time 1797 7901 955 3472 -4.15 .001 
D Attractive/good looking ¹ assessment 3.2 4.7 .41 1.03 -3.31 .01 
D Easy to understand… assessment 3.7 5.2 1.21 .41 -2.88 .05 
D Pleasurable to look at viewing time 2400 4671 1034 1766 -2.72 .05 
E Attractive/good looking ¹ assessment 3.0 5.2 1.27 .98 -3.31 .01 
E Exclusive/fashionable assessment 3.0 5.3 1.67 1.63 -2.45 .05 
E Attractive/good looking ² assessment 3.3 5.5 1.63 1.23 -2.60 .05 
E Pleasurable to look at viewing time 2030 4717 902 2738 -2.28 .05 
F Easy to understand… viewing time 4581 6978 1589 1968 -2.32 .05 
G Attractive/good looking ¹ viewing time 3626 10849 1579 4680 -3.58 .01 
H Easy to understand… viewing time 3944 9584 2183 5112 -2,49 .05 
H Unconventional viewing time 2269 4849 1244 2203 -2.50 .05 
H Pleasurable to look at viewing time 1725 4164 749 2089 -2.70 .05 
                  

a N=11        
b N=12        
¹ The first time the statement appears to the subject     
² The second time the statement appears to the subject      
c The dimension of viewing time is [ms], the dimension of assessment is [grades] 
                  
         

 

For cluster B (clusters 9-16) four significant differences for viewing times and assessments between 
the cluster orders. This was not the case for exactly the same cluster B in clusters 1-8. A possible 
explanation is that in the interviews, this particular cluster received the most widespread opinions 
and that some subjects had the opposite opinions from other subjects. The small number of subjects 
might have caused the subjects that viewed clusters 9-16 to have a different opinion from the 
subjects that viewed clusters 1-8. If more subjects had participated, it is possible that the subjects 
with the most extreme assessments would have been distributed more equally between the groups of 
different cluster orders.  

For clusters E and H also several significant differences were found. It can be concluded that E and 
H are of similar design, but they need to be examined further in order to find a possible explanation 
of the differences.  
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Correlations in “Attractive/good looking” between both times it was displayed Independent sample 
t-tests did not show any significant differences between the assessments of the reference pictures B 
and F appearing in both clusters 1-8 and clusters 9-16 concerning the statement “Attractive/good 
looking” the first time and the second time they appeared. Correlation analysis with Spearman’s rho 
show significant correlations between the two statements, rs(22)= .50 p= .05 and rs(22)= .57, p= 
.001, respectively. This implies that “Attractive/good looking” the second time it appeared can be 
used alone as a measure of attractiveness. “Attractive/good looking” the first time it appears can 
then be removed from further analysis since it does not follow exactly the same procedure as the 
other statements; hence in the following analysis all the four clusters are viewed on the same screen.  

Correlation between viewing time and assessments of the clusters  
The results were statistically analyzed with bivariate correlations with Spearman’s rho. The 
seven-grade scale in the assessment task was transformed here into a three-grade scale in order to 
identify correlations more easily (Hair, Money, Samouel, Page, 2007). The three-grade scale has 
the value “low” for the former values 1, 2 and 3, the value “medium” for the former value 4, and 
“high” for the former values 5, 6 and 7. Two outliers, subjects 7 and 15, with excessive viewing 
time were removed from the group that viewed clusters 9-16. The question “Attractive/good 
looking” is only analysed for the second time it was shown to the subjects due to the results in the 
cluster order.  

Table 2 – Significant correlations between viewing time and assessment. 
     
     

Clusters Cluster Statement Spearman’s rho significance 
     
     

1 to 8 b D Unconventional .645 .05 
 F Exclusive/fashionable .775 .01 
     

9 to 16 c E Pleasurable to look at -.640 .05 
 G Pleasurable to look at .775 .01 

 
G 
 

Attractive/good looking 
 

-.643 
 

.05 
 

1 to 16 d B Pleasurable to look at .438 .05 
 G Pleasurable to look at .534 .05 
     

   
b N=11     
c N=10     
d N=21     
     

 

The results in the present study indicate that there is no clear correlation between how long a cluster 
is viewed and its assessments. Only a few significant correlations can be found when the 
assessments and viewing time are compared statement by statement. Some correlations are even 
negative (Table 2). Since there are few correlations and some of them are negative, there seems to 
be no general correlation between viewing time and assessments. But since the number of subjects 
is rather small in the present study, this could affect the correlation results.  
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Identification of details  
There was an assumption that details which caught the viewers’ attention could easily be located by 
the help of eye-tracking (Hammer & Lengyel, 1991). In the present study the eye-tracking 
equipment can clearly distinguish whether the subjects gazed at the speedometer or tachometer or 
other key features of the clusters. However it is hard to say if the small details such as fonts, 
graphical details, or symbols the gauges consist of were looked at. Only a few specific details that 
caught particular attention could be identified for a few subjects. Instead the participants viewed the 
clusters in a more holistic way. Especially when the statement “Attractive/good looking” was 
considered, the gaze duration heat-maps for all subjects indicated that short fixations were spread 
all over the clusters. This in line with the view offered by the Gestalt psychologists; the small 
elements that a picture is built of are viewed in parallel as one entity (Monö, 1997; Duchowski, 
2003). This is a possible explanation of why specific details in the present study were never 
identified. However, eye-tracking scan paths strongly suggest that the viewing and identification of 
objects are accomplished in a serial way where smaller objects are viewed instead of the whole 
picture (Duchowski, 2003). There are several competing theories attempting to explain these serial 
and parallel viewing behaviours (Duchowski, 2003), but in the present study it is difficult to say 
which of them represents the subject’s viewing behaviour. Another factor that could affect this 
result is that the clusters appeared downscaled on the screen. Hence the different parts of the 
clusters could have been too small to draw attention to them.  

Interviews  
The interviews with the subjects based on the gaze duration heat maps of the eye-tracking data 
provided a great deal of information but seemed to lack some precision. Since the interviews were 
carried out after the actual viewing of the clusters, the subjects had to recall how they viewed them. 
This did not always seem to be very accurate and the participants could afterwards easily be led to 
make up a deceptive reason for giving a particular assessment. This could give a completely 
different reason than the one they were actually thinking of when giving the assessment. This 
requires demands that the interviewer take great efforts not to ask leading questions or in other ways 
mislead the subjects. An example of how a subject responded in the interview: Person 26 for 
Cluster C and the statement “Easy to understand and read out information” on the question “Why 
did you look at this specific area?”: -“I tried to understand what was written in the gauge”. On the 
question “Why did you give this cluster this specific assessment?”: -“I was not used to it which 
makes it hard to find my way in the gauge”.  

Limitations of the study  
The subjects used were mainly from the same department of Luleå University of Technology. This 
is a limitation since it is uncertain if this relatively homogenous group will affect the results of this 
study.  
 
The number of subjects in the study is rather small and they were to view many clusters each. More 
subjects are needed to validate the results from the present study. 
 
All clusters in the present study were displayed as static pictures. This differs from a real driving 
situation where information in the cluster is constantly changing. This will probably affect the way 
subjects view the clusters, but since the study seeks to evaluate visual perception of appearance and 
not usability, this should not be an issue.  

Future research  
In the present study, the statements in the assessment task are printed on sheets of paper. Further 
research could examine if repeatedly taking the eyes away from the screen may have any influence 

 9



on the results. The quality of the eye-tracking data should not be corrupted in the present study 
since the eye-tracking equipment can resume the eye-tracking as soon as the subject’s eyes are back 
on the screen. Further research could be made to examine if answers from an on-screen assessment 
solution differ from answers made on paper. 

CONCLUSIONS 

The findings in this study indicate that: 
• No conclusions can be drawn concerning the cluster presentation order.  
• The study indicates that there is no major correlation between the time spent viewing a cluster 

and its assessment.  
• The interviews give an understanding of why the clusters were given a certain assessment.  
• It is difficult to identify specific small details in the clusters that draw a particular amount of 

attention to them. The eye-tracking equipment can however distinguish when different parts in 
the cluster, e.g. speedometer and tachometer are viewed.  

• The interviews would probably be more difficult to carry out without the guidance of the eye-
tracking.  
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