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ABSTRACT

The aim of this study is to investigate the eye movements of participants during academic searching tasks.
Since the Web of Science, Google Scholar, and Council of Higher Education Thesis Center are among the
popular academic search platforms in Turkey, we focused on the usability of them. During the preliminary
analysis, we explored the most problematic tasks, and then analyzed the eye movements. The problematic
tasks were detected with respect to the unexpected differences of completion duration; the failure of
completion status; unexpected number of clicks; high number of fixations; high fixation duration; unrelated
fixation areas; and think aloud data. Tobii Studio 3.4.2 was utilized for both the collection and analysis of
eye-tracking data. 21 academicians participated to the study. The results of the analysis indicated that due to
interface design, the eye movements of participants tended to focus on unrelated parts of the screen. As a
result, certain parameters of eye tracking demonstrated how participants’ eye movements tended to generate
intense fixations, increased amount spent for unrelated areas, intense mouse clicks, and increased total
amount spent for tasks. In addition to those parameters, users’ satisfaction levels showed a decrease as a
result of unexpected experiences.

Keywords: Usability, Eye Tracking, Eye Movements, Online Search, Online Academic Sources

0oz

Bu calismanin amaci, ¢evrimi¢i akademik kaynak kullaniminda gdz hareketlerini incelemektir. Bu
kapsamda tilkemizde en yaygin kullanima sahip ¢evrimici akademik kaynaklardan olan Web of Science,
Google Akademik (Google Scholar) ve YOK Tez Merkezi web sitelerinin kullanilabilirlik testi esnasinda en
¢ok problem yasanan gorevler belirlenmis ve kullanicilarin bu gorevleri gergeklestirirken sergiledigi goz
hareketleri analiz edilmistir. En ¢ok problem yasanan gorevler, gorevlerin tamamlanmasi gereken siire ile
tamamlanma siireleri arasindaki farkin yiiksek olmasina, gérevlerin tamamlanma durumlarina, fare tiklama
sayilarina, sabit bakis sayilarina, sabit bakis siirelerine, sabit bakis yerlerine ve kullanici yorumlarina
bakilarak belirlenmistir. Bu islemler ig¢in Tobii Studio 3.4.2 programi kullanilmistir. Arastirma, ¢evrimici
akademik kaynaklar1 kullanma konusunda en az 2 y1l tecriibesi olan 21 akademisyen ile ger¢eklestirilmistir.
Calismada gegcerlilik icin veri ¢esitlemesi saglanarak nicel ve nitel veriler birlikte kullanilmigtir. Bulgular
sonucunda ara yiiz tasartmindaki sikintilardan dolay1 kullanicilarin yanlis yerlerde ve daha yogun sabit
bakis sergiledigi, bu durumun da sabit bakis siireleri, fare tiklama sayilar1 ve gorev tamamlama siirelerini
olumsuz etkiledigi ve memnuniyetlerini diisiirdiigii belirlenmistir. Bu problemlerin sebepleri incelenmis ve
¢Oziim i¢in onerilerde bulunulmustur.

Anahtar kelimeler: Kullanilabilirlik, Goz izleme, Goz Hareketleri, Cevrimici Arama, Cevrimici Akademik
Kaynaklar
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Online Academic Resources With The Focus of Eye Behaviors

1. INTRODUCTION

The concept of information searching has been transformed into different formats due to rapid changes in electronic and
digital sources. In the field of academia, the way to access any information has become easier in comparison to the past.
Traditional printed resources have certain limitations. For example, borrowing it from a library may not be possible, but
electronic or digital versions are accessible all the time. Searching for specific information within pages can be a challenging
task for printed sources, but it is much easier in digital versions. Such different dimensions introduced by e-sources facilitate
the effort spent by the researcher as well as the time spent (Kazan, 2017).

Rapidly increasing amounts of online information is expected to reach 35 zettabytes by the end of 2020 (Agrawal & Nyamful,
2016). Such an imbalanced increase in the electronic world is vulnerable to the quality of the information, i.e. not all information
in that world is valid and reliable. Since users deal with different types of user interfaces on the web, experiencing various
usability problems is very likely. These problems can result in frustrations for users. System performance such as response
time, availability of reliable and valid content, broken or outdated links, and inadequate web search results are some of the
things that affect user experience. (Brandt et al., 1996; Kovacs & Elkordy, 2000; Land, 2000). In addition, the design and
usability of user interfaces may affect the way people access and use online information. In typical software, 48% of codes
are related to interfaces (Myers & Rosson, 1992), which might be a reason why the design of appealing interfaces should be
achieved. According to Norman (1988), reducing the possibility of errors is an important mission of any computer programs
as well as making the recovery of errors possible. Similarly, in Nielsen’s heuristics, the importance of interface designs was
also emphasized. Since the online search is important for today’s computer users, the usability of available tools is quite

important.

Usability as a term is not very easy to define because the measurement of it is considerably hard and sophisticated, and
therefore defining it in a scientific framework took time and was not always accepted by everyone (Hertzum et al., 2009).
Nevertheless, in daily life, people generally use the semantic meaning of the term rather than the terminological one. For
example, in ads, one can come across slogans such as “easy cleaning”, “make your life easier”, “easy to connect”, “friendly
screen”. These are all examples of using the term in everyday meaning. From its semantic meaning, the term usability can

also be expressed in the following terms: “learnability”, “easy to use”,
2011).

user friendly”, and “transparent to users” (Cagiltay,

In the literature, the term usability can also be defined in various ways by different researchers. For example, according to
Nielsen (2012), usability is a qualified indicator showing how easy to use a system is in addition to consisting of methods
for designing usable systems. Shackel (2009) defines usability as the ability to complete the given tasks easily and effectively
within the given scenario providing support. In the International Organization for Standardization (ISO) standards book,
usability is located into two different parts. In the ISO 9241-11 (2018) part, the definition focuses on effectiveness, efficiency,
and satisfaction within a context. In the ISO/IEC 2510 (2011) part that covers a wide range of computer related systems, the
usability is associated with quality within effectiveness, efficiency, satisfaction, freedom from risk, and context coverage
characteristics.

Although there are clearly defined standards, the usability testing is not very easy to pursue because there are lots of elements
to be considered. Technical problems, calibration problems and ethical principles are some of these elements. The usability
tests can be designed upon users, experts, models, and design principles. Each approach has its own advantages and
disadvantages. Moreover, utilizing different test methods can generate varying results (Cagiltay, 2011). One of these approaches
is Eye-tracking methodology. This technique is a system that determines eye movements and focus areas of the eye (Almedia
et al. 2011). Eye-tracking methodology is a relatively objective technique used to collect data for user testing. As the user
interacts with the interface, his/her fixations can be viewed through this technique in a detailed way (Nakatani & Pollatsek
2004; Renshaw & Webb 2006; Scheiter & Van Gog 2009). Such a technique enables the researchers and designers to diagnose
the errors, misunderstandings, misguidance, and the most attractive locations on the screen (Pernice & Nielsen, 2009).
Moreover, the researchers or designers can save time by locating the exact issues related to usability.
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There are various studies investigating usability through the utilization of eye trackers. University web sites, e-libraries,
governmental sites, handbooks, educational multimedia environments, and online academic resources have been the popular
environments for usability studies. As a result of those, the researchers revealed many practical implications including
misguiding buttons, links, colors, and so on (Alemdag & Cagiltay 2018; Cetin & Sendurur, 2016; Lund, 2016; Yavuz et al.
2016; White, 2016). Eye tracking is a technique that has been used in many different areas of research other than usability.
Factors affecting web visits, the effects of visuals on online reading performance, behavior of children using the Internet,
web searching behavior and the quality of online ads are some of the other areas in which eye tracking is used(Beymer et
al., 2007; Buscher et al., 2010; Byerly, 2007; Cutrell & Guan, 2007; Pan et al., 2004). In addition, the eye tracking technique
has been used to examine the cognitive process of users on search engine results pages (Lewandowski et al., 2018).

Scholars and graduate students generally use online academic resources due to their convenience of accessibility and coverage.
Instead of searching among hardcopies of journals, searching with the help of e-databases, search engines, etc. is more
convenient for many researchers. Unlike general purpose online tools like Google search engine, the online academic tools
have specific user profiles, which are scholars. Nevertheless, the design of interfaces can hinder the search process. In the
literature, there are many usability studies, but they are mostly limited with library resources. In order to provide guidance
with the designers as well as publishers, this study aims to fill the gap with a specific focus of comparing the usability of
three popular online academic resources in a qualitative way: Web of Science, Google Scholar, and National Thesis Center

(NTS). The main research question of the study is as follows:
RQ: How do users’ eye behaviors change when the design of the interface has some usability problems?

2. METHOD

The research design of this study follows the simultaneous mixed methodology (Tashakkori and Teddlie 1998). During the
user test sessions, both qualitative and quantitative data were collected, and then they were analyzed and interpreted in a
complementary manner. Table 1 summarizes the design.

Table 1

Research design

Data Collection Method Data Analysis Method

Eye Tracking Record Quan — Descriptive Statistics (Tobii Studio 3.4.2)
Qual — Content Analysis

Observation Form Qual — Content Analysis

Satisfaction Form Qual — Content Analysis

2.1. Participants

In this study, the convenient sampling method was used to select participants because they have to travel to the human-
computer interaction laboratory, and spend time for the session. The participants of this study were selected according to
their experience on using online academic resources because the interface should be familiar to the users (Dumash and
Redish 1999). The subject area of researchers varied . According to Virzi (1992), 5 participants are enough for user tests.
However, researchers like Lindgaard and Chattratichart (2007) were against this idea. Nielsen and Landauer (1993), on the
other hand, made a classification depending on the scale of the research, and claimed that 7-15 could sometimes reveal the
majority of the errors. In reference to Nielsen and Landauer (1993), we included 21 users in this study. 9 of them were male,
and 12 of them were female. Detailed demographics were presented in Table 2.
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Table 2
Demographics of Participants

n Y%
Gender
Female 12 57.1
Male 9 42.9
Age
23-27 9 42.9
28-32 7 333
33-38 5 23.8
Experience of Online Academic Resources
2-3 years 10 47.7
5-6 9 429
7-10 2 9.4
Department
Civil Engineering 5 23.9
Computer Education & Instructional Technologies 4 19
Industrial Engineering 3 14.3
Electronic & Electrical Eng. 2 9.5
Chemistry 2 9.5
Computer Engineering 2 9.5
Geography 2 9.5
Informatics 1 4.9

2.2. Instruments & Apparatus

Before deciding on the tasks to be included in the experiment, the researchers talked to and observed the scholars around
them. As a result of those unstructured and informal interviews, a group of frequently performed tasks emerged and formed
the boundaries of our user tests. Finding a specific publication of a scholar, ordering the publications with regards to given
criteria, and accessing dissertations published on a given date were the initial tasks that we aimed to include. In order to
decide on the online academic resources, we delivered a questionnaire (Author(s), 2016). In the survey study, users were
asked about the online academic resources they use most frequently, the reasons for choosing this resource, and the most
common problems they encounter while accessing these resources. Since the detailed results are not the main concern of
this study, the detailed qualitative analysis of user experience of hard tasks is the emphasis of the current study. In a preliminary
study, Author(s) (2016) explored that the following two tasks were the most complicated ones according to users, and the
analysis of eye movement approved that claim which is why this study has a deep focus on the following two tasks:

Task 1: List the studies of which title includes “instructional design” keywords.
Task 2: Download the dissertation written by “* (removed for blind review)”.

The tasks were the main instruments, but in order to observe and record data, Tobii Studio 3.4.2 was utilized as another
instrument. Tobii Studio is an eye-tracking platform for the recording and analysis of eye gaze data. In addition to screen
recordings, participants’ voice recordings were also important for gaining insights into what they were thinking as they
moved on. There was a Tobii T120 eye tracker with 0.5 degree of sensitivity integrated into the desktop with a 17-inch monitor.
The screen resolution was 1024x768 during data collection. The room was surrounded by cameras to record gestures and
mimics. The participants were given wearable microphones for voice recording. The chair was adjustable and thus the height
variety of participants was not a problem. Although certain head movements were tolerated by the eye tracker, we advised
participants to keep an approximate 60 cm distance from the tracker (Tobii Studio 2008).
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2.3. Data collection & analysis

Before starting the test, the users were informed about the procedure and ethical issues. They were free to stop, leave or have
a break whenever they wanted. Then, the tasks were given in a written format and stayed in front of them during the test.
The calibration was run for each participant to increase the reliability of recordings. 9 point calibration was conducted. The
author(s) did not intervene in the sessions, i.e. users were encouraged to perform as if they were at home/library/office. They
were also encouraged to think aloud. An average session took about 45 minutes. The users were expected to complete each
task separately. No stimulus was presented at the beginning. In the beginning of the experiment the web browser was ready
to be used. At the end of each session , users were asked to complete the satisfaction questions. The experiment was implemented

in a public university’s human-computer interaction laboratory.

The usability criteria consist of three facets: effectiveness, efficiency, and satisfaction. In order to evaluate the effectiveness
of the chosen academic resources, we focused on the completion status of tasks and tried to investigate the reasons for failure.
Efficiency in the current user test was decided according to the following metrics: time to first fixation, first fixation duration,
total fixation duration, fixation count, time to first mouse click, time from first fixation to next mouse click, and mouse click
count. For the third dimension, satisfaction, we assigned each user a satisfaction questionnaire after the test. All data were
analyzed with the combination of both qualitative and quantitative analysis methods. Tobii Studio 3.4.2 program mostly
benefited from quantitative analysis. Think aloud data, observation notes, and satisfaction questionnaires were analyzed in
a qualitative way utilizing content analysis techniques. At the end of the analysis, the researchers diagnosed the two tasks
that were perceived as the most difficult ones. As a result, the eye movements of users were closely analyzed in this part of
the study.

3. RESULTS

When deciding on the most problematic tasks to be included in this study, we focused on the gap between expected and
observed task completion duration, the task completion status, number of mouse clicks and fixations, fixation durations and
locations as well as user comments. We examined gaze plots of users for detailed eye movements. As a result of that preliminary

analysis, we decided to include two tasks, which seemed problematic.

The critical screen parts, i.e. the related areas leading to the completion of tasks, consisted of areas of interest (AOI) in this
study. In the first task, locating and clicking the detailed search menu was a critical action for the task completion. In the
second task, locating where to download the dissertation was an important phase. That’s why the menu area was signed as
an AOI, and the eye movements to the first fixation to that AOI was analyzed in detail . Table 3 summarized the metrics of
those two tasks. Table 4 includes metrics of eye movements: time to first fixation to the target AOI, number of fixations on
the AOI, and time to first mouse click on the AOI.

Table 3
Expected vs. Found Results

Average TCD*  Shortest TCD* Longest Expected TCD* Average MC# Min Max Expected MC#
Tasks TCD* MCH# MCH#
Task 1 60.88 25 154 16 8 5 11 4
Task 2 529 13 126 15 8.5 7 15 6
*TCD: Task Completion Duration; #Mouse Clicks
Table 4
Average Fixations and Mouse Clicks
Tasks Time to First Fixation Number of Fixations Time to First Mouse Click
Task 1 9.81 11.06 8.58
Task 2 4.03 81.10 5.39
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The expected ones in Table 3 represent the optimum possible way to follow. For instance, one can complete the Taskl with
4 mouse clicks, but there is a considerable difference between minimum and maximum number of clicks, which may be a
sign of the design problem. Similarly, task completion duration for this task takes about 16 seconds, however, the gap between
participants’ performance was striking. For example, one user completed it in 25 seconds, which is close to the expected
one, whereas another user finished in 154 seconds. In addition, the average task completion duration is approximately four
times longer than the expected duration. Therefore, this task is a good candidate for deep focus with regards to eye movements.
Most of the users explained how they had difficulties finding the detailed search option. Most of the participants failed to
complete the task, and therefore gave up. As shown in Table 4, users fixated on the related AOI, but it took about 8.58 seconds
to associate it with the target task and to click on it. The following excerpts exemplifies the satisfaction status of users:

“...detailed search cannot be found. I thought that keywords of previous searches would appear when
1 click the arrow sign.” (K4)

“...1 think finding detailed search is hard for beginners.” (K5)
“It would be better if there is a hint for a detailed search option.” (K13)

“I really had difficulty finding the detailed search. The location of it does not make any sense. [ wouldn’t
think that it would be there.” (K16)

“...there are no visuals of detailed search, I couldn’t have completed the task.” (K20)

In the second task, users were expected to search and download the given dissertation. All users found it, but there were
gaps between expected and performed values of metrics. The average task completion duration was 52.9 seconds, which is
above the expected duration. Moreover, the shortest duration was almost ten times shorter than the longest task completion
duration. Besides the large gap among the performances of the users, the number of mouse clicks was above expectations.
There were too many fixations (N=81) on the target AOI, whereas it took 5.39 seconds to detect and decide to click. According
to users, the link did not seem to be clickable, and therefore they hesitated, which brought about a longer task completion
period. The following excerpt are some examples of users’ hesitations:

“Downloading the dissertation was very difficult. I found it incidental , I clicked the first clickable
place and downloaded.” (K1)

“...there was neither a hand sign nor any other sign to guide the downloadable area. I worked hard to
find the location of the dissertation to download.” (K6)

“I found the dissertation, but the button was hardly visible. One needs to click the dissertation number
to download. Incidentally, I clicked hoping that would be the right link.” (K19)

The Fastest vs. Slowest Users’ Eye Movements for Task 1: Examining the task completion processes of all users showed
difficulties in finding the detailed search option. An average user can complete the task in about 16 seconds. In this study,
the fastest duration was recorded as 25 seconds (K12). The gaze plot of user K12 was demonstrated on Figure 1. It can be
observed that the user detected the related field of the screen after a few fixations over the top left corner of the screen. On
the other hand, the longest duration was recorded as 154 seconds (K1). Since user K1 did not detect the menu part for the
detailed search, s/he first did a regular search, and then tried to access the detailed search menu on the results page, which

brought about a longer task duration. Figure 2 demonstrates the heat-map of K1.
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Figure 1. The gaze plot of K12 during Task 1
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Figure 2. Gaze plot of K1 during Task 1

User K1 spent a considerable amount of time on the left side of the page, then skimmed all pages around, and then due to
the lack of hints, s/he focused on the article links on the results page for a detailed search tool. Finally, despite fixations on
the target area, s/he did not locate/click the item. After spending too much time, s/he went back to the main search page and
found the detailed search tab. In short, realizing the existence of the option took about 103 seconds, which is quite long. As
pop-up appeared, user K1’ s examining the window, writing keywords, and searching processes took 51 seconds, which is
still longer than the shortest task completion duration. Figure 3 shows the first 7 seconds of user K1, after pop-up windows.
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Figure 3. The first 7 seconds of K1 on Task 1

Failures of Task 1: Users K13, K16, and K20 were not able to finish Task 1. The eye movements of those users show intense
fixations on the menus on both sides of the page. User K13 spent too much time focusing on the interval option of the menu,
but as soon as realizing the date specific facet of that part, s/he shifted the focus. Like user K13, user K16 tried to find the
detailed search on the both sides of the page . Despite shorter fixations, K16 spent too much time locating the correct menu
item. Although s/he saw the item on the settings button at the upper right corner, s/he did not associate it with the task, and
thus failed to complete. The longest fixations of that user were also on the target area. User K20 showed short fixations all
around the page, but could not have realized the target, and as a result of that s/he gave up the task. Figure 4 consists of the
eye movements of users who failed during Task 1.
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Figure 4. Eye movements of users who gave up the Task 1
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The Fastest vs. Slowest Users” Eye Movements for Task 2: An average user can complete the task at about 15 seconds, but
one of the participants (K9) was faster with 13 seconds. The slower performers generally got stuck on finding the download
link. User K9 first entered the keywords on the main page with necessary options. Once realizing the dissertation number,
s/he clicked and the downloading process started. That user had slight fixations on general information about the thesis, and
never got distracted by other items on the page. Figure 5 shows smooth eye movements of the user.
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Figure 5. Gaze plot of user K9 during Task 2

User K11 completed Task 2 within 109 seconds. As shown on Figure 6, s/he gazed around all over the page, fixated and
clicked each item one by one. Despite frequent fixations on that area, s/he did not click on the dissertation number, which
was the target area for downloading. It can be observed that the duration of fixations on that area increased towards the end
of the task. As the user was sure of the functions of other items, s/he decided to click on the correct link. Figure 7 shows the
first 6 seconds of the user. According to eye movements on that figure, s/he did not fixate on the correct place for 5 seconds.
After 6 seconds, s/he fixated on the right item, but did not click.
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Figure 6. Gaze plot of user K11 during Task 2
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Figure 7. The first 6 seconds of K11 on Task 2

Failure of Task 2: There was only one user who failed to complete the task (K1). The search patterns of K1 were very similar
to K11, the slowest user in Task 2. User K1 gazed all around the page with similar fixation durations, and fixated on the
dissertation number, but did not click due to lack of associations with the download link. As a result, s/he gave up the task.

Figure 8 demonstrates the eye movements of the user during Task 2.
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Figure 8. Gaze plot of K1 during Task 2

3. DISCUSSION AND CONCLUSION

It was observed that users’ gaze plots, efforts to complete the tasks, and task completion durations/status were very different
from each other during the two tasks, which caused problematic user experience. In both tasks, users generally focused on
both sides of the pages, where menu items are located. Although the majority of the users showed fixations at the correct
places, they kept searching for the target at different parts of the screen due to lack of associations. This situation led to
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increases in fixation counts, fixation durations, mouse clicks, and task completion durations. According to Rayner (1998),
long fixation durations are associated with intense cognitive effort along with longer thinking durations. This assumption
can explain the relation between long fixation durations and task completion duration. In addition, the failure of completion
may also be related to cognitive overload as a result of longer fixations everywhere accompanied by mouse clicks. Situations
having too many options can cause confusion , which can be a sign of cognitive overload (Murray 2001). For example, the
study conducted by Kilic and Karadeniz (2004) indicated that students, whose cognitive load is high, showed lower performance
and longer task completion durations in hypermedia. The current study showed that when the user fails to associate the target
design element, the number of fixations and mouse clicks increase, and thus the gaze plots exemplify the cognitive overload
resulting in either failure or longer task completion durations.

In the first task, users were assigned the task of making a detailed search on Scholar Google. Users generally tended to focus
on menu items, but failed to locate the targeted one. Providing users with flexible interfaces including freedom of choices
is an important part for usable designs (Nielsen 1994). Although the experienced users accessed the detailed search quickly,
the users who rarely used the details option had difficulties learning where to click. In the second task, the main problem
was the lack of cues about the existence of a download link, which can be overcome easily by defining the cursor hover style
as a pointer. According to Nielsen’s (1994) heuristics, consistency and standards should be taken into account for universal
designs. In this way, the designer can prevent misconceptions in the interface. In conclusion, the problems in the design of
two frequently used online resources resulted in negative user experiences. The users spent extra time and effort due to lack

of salient hints. The signals and cues are valuable in increasing the efficiency in learning (Clark et al. 20006).

Finally, the study has limitations in terms of certain issues, and therefore one should be careful when interpreting the results
of this study. First, the experiment is limited to assigned tasks. Because of the location of the human-computer interaction
lab, we only included the volunteers who were available around us in the study. In the beginning protocol, we encouraged
users to behave as if they were at home/office, but being in a controlled environment may have affected the overall performance

of the users.
The research implications can be summarized as follows:
e Since we utilized convenient sampling, the further studies can enlarge the number and variety of participants.
e One can provide alternative designs and compare them with the old ones.
e One can compare the resources based on the participants’ age or gender.
e The practical implications can be summarized as follows:

e Before eye tracking experiments, the researcher should make sure the physical and technical settings are all in good

condition.

e Having a plan-B is needed when planning data collection period, because the logistic issues may sometimes restrict
the number of accessible users. Scheduling according to users, and having extra users in advance may prevent possible
data collection problems.

e [Large data size can bring about freezing screens or slow performance. In order to have optimum performance, the
software enabling the analysis of eye tracker data should be installed on a high performance computer.

e In user tests, data collection with eye trackers is a considerably lengthy process, that’s why time management and
planning is necessary to increase efficiency.
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