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ABSTRACT

This study utilised eye-tracking technology to evaluate the results from the ASEAN mental model pattern of
web object locations in a web user-centered interface design. Two experts and four volunteers participated
in an eye-tracking experiment. The selected web object locations led to fewer fixations and participants
found the target web objects faster. The eye-tracking data showed that users have clear expectations of
where web objects are located on a web page. With the utilisation of the eye-tracking technology, a more
precise and objective tool can be used to improve the classification of web user-centered interface design. It
was concluded that eye-tracking technology is accurate and useful for knowing what a user looks at and
understanding the user’s behavior. Finally, it was established that there was an improvement when using the
information generated by the eye tracker. The study showed that web objects located according to user
expectations were found faster and remembered more easily. Placing web objects at expected locations and
designing their appearance according to user expectations facilitates orientation, which is beneficial for first
impressions and the overall user satisfaction with the website experience.
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1. INTRODUCTION

Internet users desire quick and easy web page
orientation, which leads to increased efficiency and user
satisfaction (Tuch et al., 2009; Yom and Wilhelm, 2004;
Zhang et al., 2002). Faster visual recognition of web
objects allows users to orientate themselves more easily
(Leuthold et al., 2011). To do so, users do not solely rely
on the features of a website, but also on their mental
model of the system they interact with and their
knowledge, experiences and expectations of how a web
page functions and its appearance (Foulsham and
Underwood, 2008). By manipulating object features,
web designers can draw users’ attention to specific areas
on a web page and by arranging web objects on web
pages according to users’ mental models pattern, the

efficiency of web page orientation may be facilitated and
quality of interaction enhanced (Norman, 1983). The
aim of the present study is to investigate the relation
between location typicality, the conformance of web
object positioning with user expectations and efficiency
in finding target objects on web pages. The
investigation uses the illustrated interface in a case
study of the ASEAN Clearing-House Mechanism web
interface. In addition, this study investigates whether or
not there are differences in the susceptibility of certain
web objects and/or web page types to location
typicality (Roth et al., 2012).

According to Liu er al. (2011), the latest eye-tracking
technology can, with minimum intrusiveness, trace a
viewer’s eye movements while viewing on-screen
information. These eye movements can be used to represent
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the processing of information (Underwood and Radach,
1998; Liu ef al., 2011). In order to evaluate and confirm the
efficiency and satisfaction of the mental model, eye-
tracking evaluation is conducted in the present study and is
supported by ratings of web objects importance.

2. EMPIRICAL STUDIES OF USER
MENTAL MODELS PATTERN

Dujovne and Velasquez (2009) defined web objects
as “any structured group of words or a multimedia
resource that is present on a web page that has metadata
which describe its content” (Velasquez, 2013). Through
interaction with the internet, users develop certain
expectations, which in turn form mental models when
they access a web page and its corresponding web
objects (Roth et al., 2012).

When users repeatedly encounter certain web objects
at specific locations, they form expectations of web
object placement over time. Positioning navigational areas
at expected locations and using specific web objects
consistently helps users to remember them (Oulasvirta,
2004). Several studies show that people expect to find web
objects in certain locations (Bernard, 2000; 2001; 2002;
Bernard and Sheshadri, 2004; Oulasvirta et al., 2005;
Shaikh and Lenz, 2006; Roth et al., 2012; Vasantha and
Harinarayana, 2011; Rouse and Morris, 1986). The
literature provides data about location typicality for
several web objects. Overall, expectations regarding the
location of most web objects are quite congruent across
these studies (Roth ef al. 2012). The present study
examines expectations regarding web objects located on
informational websites in particular. Bernard (2000) used
the phrase “typical web page within a website”.
According to Shaikh and Lenz (2006), expectation shifts
occur due to technological advances changing the
appearance of the internet. Therefore, the present study
also looks into the changing patterns.

Several studies have shown that the recognition of
objects was facilitated when objects were placed in the
proper context (Biederman e al., 1982; Davenport and
Potter, 2004; Palmer, 1975). For example, objects were
more difficult to recognise when they were located in
an improbable location or were of an inappropriate size,
so that the contextual relations were violated
(Biederman et al., 2006). Simply knowing the gist of a
scene speeds up its identification (Roth et al., 2012).
Oulasvirta et al. (2005) found that people were better able
to remember specific web objects if the objects were
placed according to their expectations (Roth et al., 2012).
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The present study uses data about users’ mental models
pattern from Aslina and Azizah (2013), which provide
the web object placement and then evaluate the results’
validity using eye tracking. This study hypothesizes that
the higher the location typicality of a web object, the
faster the object will be spotted on the web page and the
fewer fixations are required until it is found. In contrast
to previous studies which used existing websites, the
present study uses web page from the ASEAN
Clearing-House Mechanism (aseanbiodiversity.org) and
compares the layout on those page with the layout
proposed in the present study.

3. STUDY I: SURVEY OF WEB OBJECTS
LOCATION FOR USERS’ MENTAL
MODEL PATTERN

3.1. Participants, Design and Procedure

A total of 101 participants, mainly ASEAN residents
in different professions, participated in the experiment.
Malaysia was the main focus for the pilot test. Therefore,
16% (17) of the participants were from Malaysia (Fig.
1). The participants were recruited via an online
announcement, email and face-to-face through a
workshop. The average age of the Malaysian respondents
was above 33 years (range: 24-41) and there were nine
males and eight females. In order to study the users’
expectation of web object locations, a mock browser
window consisting of 6x7 horizontal and vertical grid
squares adapted from the mental model in the Bernard and
Sheshadri (2004) method design was used. The
experiment involved the placement of ten selected web
objects (logo, title, internal links, external links, login,
language, search engine, content, calendar,
advertisement), with the participants required to number
the expected location of each object.

3.2. Results and Measurements

The frequencies indicating the participants’
expectations were obtained by counting the number of
times the participants selected each square for each web
object. The results are presented in relation to each
object (Fig. 3 to 12). Each shade represents a specific
range of times each square was selected as the expected
location of a particular web object. The darker the shade,
the greater number of times a particular square was
selected (Fig. 2). This study examined the expectations
of individuals from Malaysia regarding the location of
certain objects on a web page.
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Fig. 6. External links
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Fig. 10. Content

Fig. 11. Calendar

Fig. 12. Advertisement

4. STUDY II: EYE-TRACKING
EVALUATION

Eye tracking is a technique used to measure an
individual’s eye movements. Thus, a researcher can
know what a person is looking at in each moment and
can trace the sequence in which their eyes move from
one place to another. Following eye movements can
help human computer interaction researchers
understand the processing of visual information and the
factors that may impact on the usability of the interface
(Nurul-Hidayah et al., 2011). Thus, recordings of eye
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movements can provide a source of objective data for the
evaluation of interfaces, which in turn may provide
information to improve interface design (Velasquez, 2013).

According to Velasquez (2013), eye-tracking systems
have been used to investigate how sighted persons use
and perceive the objects and features on a website. This
new knowledge is very important for stakeholders such as
website designers, webmasters and advertisers because
many innovations can be improved for web page design,
creation and visual representation. Thus, more sustainable
interfaces can be created. In addition, Liu et al. (2011)
explained that an individual’s eye movements provide
valuable information about how information is retrieved
and processed (Underwood and Radach, 1998).

The number of fixations can be attributed to the
efficiency of a viewer’s search for information on the
computer screen. The greater the number of fixations, the
less efficient the viewer’s search for information is
assumed to be. The frequency of a viewer’s fixations on
a specific element or area of a visual display shows the
importance of that element or area. Furthermore, the time
spent gazing at a particular component of the visual
scene can identify the viewer’s area of interest. In
addition, when longer fixations are present, it is likely
that the viewer has faced a higher difficulty level. The
fixation duration is also believed to reflect the time the
viewer needs to process the information related to the
fixation (Rayner, 1998). The scan paths, or sequences of
fixations of eye movement data, reflect changes in the
areas of interest over time and can be used to realise the
mental imagery constructed by the viewer while viewing
the visual image (Liu et al., 2011).

While the literature has revealed the significant
potential of eye movement data to detect a viewer’s
mental workload, the majority of these studies collected
eye movement data solely during or following reading or
picture perception (Liu et al., 2011). In this study, by
utilising eye-tracking technology, the ASEAN mental
model pattern of web objects placement on a web
usercentered interface design is evaluated. This study
intends to detail how the placement of web objects
according to users’ expectations leads to an efficient web
usercentered interface requiring fewer and shorter
fixations. The study aims to validate and confirm the
pattern schema of the ASEAN mental model on web
user-centered interfaces and to provide suggestions for
instructional designers in developing standardised and
effective web user-centered interfaces in future. In
addition, because the first impression of a web page is
formed almost instantaneously (Lindgaard et al., 2006),
examining where users focus their attention in the first
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few seconds of exposure to a page may be particularly
helpful in identifying components that are expected to be
placed in certain locations on the page. This is achieved
by identifying the web object that is fixated upon in the
first fixation and by mapping the order in which the web
objects are viewed. The time taken by the viewer to
complete the information- seeking task is then calculated
to differentiate the placement effectiveness.

4.1. Participants

Two multimedia experts (one male and one female)
and four volunteer students (four females) in the final
year of a Bachelor degree in multimedia computing at
Universiti Technologi MARA (UiTM) participated in the
pilot test. All the participants were required to be
familiar with websites and have at least 5 years’ web
experience. Three of the six participants wore glasses but
this was not a barrier to tracking their eye movements.
Most of the participants were familiar with the eye
tracking evaluation procedure. A web user-centered
interface prototype design was utilised to address the
research purposes using the case study of the ASEAN
Clearing-House Mechanism web page as the content
page. Each participant viewed (in a randomised order)
four layout illustrative web user-centered interface pages
on which the original (Layout 0) and proposed layouts
(Layout 1, Layout 2 and Layout 3) were presented. The
eye movements of the viewers were collected for use in
reconstructing their thought patterns and strategies while
processing the web object placement information. All the
screenshots were combined into PDF to increase realism.
In this study, only Layout 0 and Layout 2 (Malaysian
preferences) are analysed and explained.

4.2. Procedure

The experiment took place in the UiTM eye-tracking
laboratory. The participants were tested separately. Upon
entering the usability lab, the participants were briefed
on the purpose of the study. They were asked to fill out a
short questionnaire on computer knowledge and
demographics. The participants were then introduced to
the eye tracker and the eye tracker was calibrated
individually to each participant. This involved a brief
procedure in which the participant watched a dot move
to the four corners and the center of the screen. The
calibration process for each user took about ten to fifteen
seconds. The experimental task procedure was then
presented on the screen. The participants were given
instructions to find each web object randomly. To
familiarise the participants with the task procedure, a
short introduction to the ten web objects was conducted.
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The participants were instructed to spot the target web
object as quickly as possible on the illustrated interface
layout on screen. The target cue was displayed for two
seconds before the stimulus onset. Immediately after
spotting the object, the participants signaled the
experimenter by saying ‘next’. Then the experimenter
triggered the next target cue by pressing the next button.
Throughout the study, the experimenter controlled the
keyboard and continued to the next screen after the
participants found the target object or completed the task.
This helped the participants to stay focused on the screen.
Once the eye-tracking experiment was completed, the
participants were required to answer questions in a short
interview during which they were asked to rate the
importance of each of the objects for an informational
website using a five-point Likert scale. The participants
were then thanked for their participation and each
participant was given a souvenir and a token of RM15 to
show appreciation for their contribution and time.

4.3. Eye-tracking Device

An eye-tracking device manufactured by Tobii
Technology was used in this study. The tracker works
with two infrared light sources and the reflection of the
light from the retina is recorded by a camera. The eye
tracker functions remotely from the user and does not
require the removal of glasses, allowing for a natural
environment. The eye tracker looks much like a regular
monitor. Infrared light is bounced off the user’s eyes and
sensed by several infrared sensors on the monitor. Based
on this, the software is able to interpolate the position of
the participant’s eyes. Participants can move freely only
in a limited area so that the tracking system can record
accurately. The present study used the Tobii T60 Eye
Tracker, which consists of a 17 inch monitor. Along the
experimental, audio and video are recorded for later
analysis of users’ behavior.

4.4. Measurements

The data collected during the eye-tracking experiment
included information about the participants’ fixations and
how long the participants looked at an object on the web
page. This information was obtained by using gaze plots
analysis. Fixations have been linked to intense cognitive
processing (Pan et al., 2004) and are viewed as a reliable
indicator of an individual’s attention (Vertegaal and Ding,
2002). In addition to fixation, data were gathered on the
length of time it took for the participants to fixate on
specific areas of interest after the web page was presented.
Based on these data, it was possible to determine the first
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fixation and the order/sequence in which the participant
found an object on the web page. Then, short interviews
were conducted immediately after the eye-tracking data
were collected. The participants were asked to indicate the
objects that most captured their attention and which layout
they preferred the most. To measure the importance of the
objects, the participants were asked to rate the importance
of each object for an informational website on a five-point
Likert scale (from 5 extremely important to 1
extremely unimportant).

4.5. Results

Using gaze plots, this section presents an analysis of
the order in which the participants viewed areas on the
web page. The importance ratings are also analysed. From
the ten web objects, only four are analysed and discussed,
namely, internal links, external links, content and
advertisement. This is because three web objects were
additional objects (calendar, login and language) from the
proposed enhancement of Layout 0 and three objects (title
of web page, logo and search engine) were taken out
because both layouts placed them in the same location, so
they are not relevant for comparison purposes. The gaze
plot data on the web page viewing were aggregated.

This information revealed the order in which the
participants viewed the particular areas. For example, on
Layout 2, the ten objects were randomly arranged. The
time to first fixation was the time from when the page
was first shown to the participant until the target object
received fixation. This was measured in seconds for each
web object for each participant. The times were then
averaged across participants for each task. Based on this
calculation, the average and percentage of duration in
which users completed the task were determined. The
plots of the fixation order for each page are shown in
Fig. 13 to 16. Only Layout 0 and Layout 2 are shown for
the purpose of analysing Malaysian preferences. The
results for each participant are presented in two
comparison gaze plots on two different layouts. The gaze
plots of the web objects (internal links, external links,
content, advertisement) for two comparison layouts (a:
Layout 0 and b: Layout 2) with two experts (E1-blue and
light purple; E2-light green and light blue) and four
volunteers (4P) (P1-purple; P2-light blue; P3-light green;
P4-yellow) are analysed and discussed, along with the
importance ratings in Table 1 to 5.

As shown in Fig. 13, all the participants (experts and
volunteers) found the internal links object faster on
Layout 2 (fixation no. 3 to no. 6) than on Layout 0
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(fixation no. 4 to no. 28). This shows that the location of
the internal links on Layout 2 (top-left) was the expected
location for all participants. This result is consistent with
the findings in previous studies by (Bernard, 2000;
Bernard and Sheshadri, 2004; Shaikh and Lenz, 2006).
In the short interviews, all the participants also preferred
this location of the internal links, which means that both
results corresponded with their eye movements. The
participants rated the internal links object as an important
object for an informational website (Table 1).

As shown in Fig. 14, both experts and three
volunteers (P1, P3, P4) found the external links object
faster on Layout 2 (fixation no. 1 to no. 9) than on
Layout 0 (fixation no. 2 to no. 21). The fourth
volunteer (P2) struggled to find the external links
object on Layout 2 (fixation no. 15). The location may
have been unfamiliar to this participant; however, she
later stated in the short interview that the location of
the object (at the bottom of the web page) was good
and overall she still preferred Layout 2. The external
links object was rated by the participants as having
low importance for an informational website (Table
2). Since the external links object is a hyperlink that
points to a page on a different website, the
participants might have thought that this object was
not useful for an informational website.

Table 1. Importance rating of internal links object

Frequency Percent
Valid Important 4 66.7
Extremely important 2 333
Total 6 100.0
Table 2. Importance rating of external links object
Frequency Percent
Valid Unimportant 1 16.7
Less important 3 50.0
Important 2 333
Total 6 100.0
Table 3. Importance rating of content area
Frequency  Percent
Valid Important 2 333
Extremely important 4 66.7
Total 6 100.0
Table 4. Importance rating of advertisement object
Frequency Percent
Valid Unimportant 3 50.0
Less important 3 50.0
Total 6 100.0
JCS
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Fig. 16. Gaze plots of advertisement object
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Table 5. Total time (duration of fixation) in seconds to complete the task

Layout 0 (minutes) Layout 2 (minutes) Difference (minutes) Efficiency (%)
El 4:10 2:29 1:41 40
E2 4:17 3:22 0:55 21
P1 3:36 2:46 0:50 23
P2 5:25 4:09 1:16 23
P3 5:27 2:55 2:32 46
P4 5:05 3:15 1:50 36
Average (20-50)%

As shown in Fig. 15, all the participants found the
content area in fixation no. 1 on Layout 2, which was
much faster than on Layout 0 (fixation no. 2 to no. 22).
This is because the center area is the first area a user will
look at when they open a web page. This area is also
determined as an important area to place important
objects. According to Spool ef al. (1997), users may start
viewing the page in the center and only examine the very
top and bottom of the page after they determine what
they want is not located in the center. In the interviews
conducted in this study, the content area was rated as
extremely important for an informational website (Table
3). This means that the content area is placed in good
location on Layout 2.

As shown in Fig. 16, all the participants except E2
found the advertisement faster on Layout 0 (fixation no.
1 or no. 2 only) than on Layout 2 (fixation no. 5 to no.
13). On Layout 0, the advertisement is placed in the
center and on Layout 2 it is placed on the right side of
the page. As mentioned above, the central area is
normally the first area to receive fixation. However, the
participants rated the advertisement object as
unimportant or less important for an informational
website (Table 4). Therefore, it is concluded that it is
more suitable to place the content object rather than the
advertisement object in the center.

Table 5 presents a summary of the total time taken by
the participants to complete the tasks. On Layout 2, the
efficiency of performing the tasks was 20-50% better than
on Layout 0. This indicates that placing the web objects in
the expected locations will enable the users to find the
information more efficiently and will better facilitate the
users’ orientation compared to web objects that are not
placed in conformance with users’ expectations.

5. DISCUSSION AND FUTURE
RESEARCH

The analysis of the number of fixations and the time
taken to complete the tasks showed that using Layout 2
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was more efficient than on Layout 0. This confirms the
validity of the ASEAN mental model pattern for
Malaysian preferences. Users were satisfied with the
layout, which conformed to their expectations in the
mental models.

In future work, this study will investigate the users’
intentions to revisit the website. In addition, a larger
number of participants from ASEAN countries will be
used since the mental models have been developed for
ASEAN focus groups. This may lead to more useful and
accurate data on multicultural users and sustainable web
user-centered interfaces. Liu er al. (2011) stated that
individuals of different cultures might have unique ways
of processing verbal and visual information because of the
different rules and symbols associated with both the
written and spoken word. Therefore, further eye-tracking
studies are required to assess whether cultural differences
and country-level factors have an impact on the web
objects location based on users’ mental model pattern.

The research reported in this study demonstrates that
an eye tracker can be effectively used to measure the
amount of time users spend looking at different objects
on a web page. The results obtained from such a
technique can be used to improve the user’s accuracy in
finding objects on a website. To further develop this eye
tracking research, a comprehensive study on all ten web
objects utilising not only gaze plots but also other
analytical methods such as heat maps and areas of
interest will be conducted to describe the users’
attraction areas and their behaviors.

To conclude, the hypothesis that the placement of
web objects in more typical locations will facilitate and
speed up users’ orientation is confirmed. The knowledge
about expected object locations can be used to support
design decisions. Finally, the results obtained in this
study indicate that there are benefits to designing certain
types of web pages according to expectations, thereby
facilitating orientation. Web designers should consider
user expectations about web object placement when
developing websites, especially user-centered and
standardised websites.
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