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ABSTRACT

This article examines usability evaluation methodologies, then presents a non-conscious behavioral 
indicator based on user eye movements and pupil dilation. The authors test how gender and online 
buying history affect the behavioral index’s usability scores. This study uses three Iranian online 
food retailers. Thirty participants were asked to add things from predetermined grocery stores to 
virtual shopping carts before the experiment took them to the other two websites in a random order 
to collect eye movement data. Each group’s presentation order was randomized. The number of 
fixations, number of saccades, total duration of fixations, scan-path length, pupil size, and task time 
were inversely linked with self-report usability measures. This research evaluates groups with different 
levels of online shopping expertise and gender based on experienced usability. Differences between 
groups suggest that user demographics affect usability.
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1. INTRODUCTION

Shopping has become increasingly important as the internet has affected many other parts of people’s 
daily lives all across the world. Electronic commerce websites like Amazon and eBay now do far more 
and on a much larger scale than traditional retail malls (Althafairi, Alhoumaida, Saxena, & Almsri, 
2019; Cane & Parra, 2020). However, some circumstances, most notably the COVID-19 outbreak, 
have forced customers to use online buying sites even more frequently. (Villa & Monzón, 2021). B2C 
e-commerce enterprises have thrived in Iran and many other nations as a result (Malehmir, Maeen, & 
Jahangir, 2017). For example, according to Alexa.com, an Iranian e-commerce website called Digikala 
was the third most visited in Iran and the 140th most visited worldwide at the time this article was 
written (Analytics, 2019). Digikala.com’s rapid development suggests that e-commerce is gaining 
traction in Iran. E-commerce sites are like massive shopping malls, attracting tens of thousands and 
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in some cases, millions of customers each day. As a result, even the smallest changes to this massive 
store’s layout can have a significant impact on sales.

Having said that, user-centered design is essential for e-commerce websites in the cut-throat 
business environment of today (Khosla, Damiani, & Grosky, 2003; Kramer, Noronha, & Vergo, 2000; 
Paknejad, Mosaddad, & Sadeghi Naeini, 2021; Sadeghi Naeini, Dalal, Mosaddad, & Karuppiah, 
2018). To make sure they work effectively and efficiently, e-commerce websites should be regularly 
evaluated from different points of view. from their search engine optimization metrics (Hasan, Morris, 
& Probets, 2009) to user interface design and usability (Sivaji, Downe, Mazlan, Soo, & Abdullah, 
2011). One of the most important aspects of an e-commerce website is its usability (Sivaji et al., 
2011), which has been of great concern to many researchers (Díaz, Rusu, & Collazos, 2017; Goh et 
al., 2013; Hasan et al., 2009; Singh, Malik, & Sarkar, 2016; Sivaji et al., 2011).

There are numerous explanations about what the term “usability” means (Bevan, 1995, 2008; Han, 
Yun, Kim, & Kwahk, 2000; Jokela, Iivari, Tornberg, & Electro, 2004; Jurek Kirakowski & Cierlik, 
1998; Kwahk & Han, 2002; McNamara & Kirakowski, 2006; Thoma & Dodd, 2019). Nevertheless, 
the one suggested by ISO is presumably of more importance and has been recognized more widely. 
ISO 9241-11 (Jokela et al., 2004) defines usability as “the extent to which a product can be used by 
specified users to achieve specified goals with effectiveness, efficiency, and satisfaction in a specified 
context of use.” Han et al. in another established definition, delineate usability of consumer electronic 
products as “satisfying the users in terms of both the performance and the image and impression felt 
by them” (Han, Yun, Kwahk, & Hong, 2001).

According to the model proposed by ISO-9241, the usability of a system is comprised of three 
components:

1- Effectiveness, which is measured through the users’ success rate in undertaking specified tasks 
using the system. In other words, the smaller the user mistake rate, the greater the effectiveness 
of the system under consideration.

2- Efficiency relates to the effort that a user should exert in order to complete a particular task using 
the system. This usability component is frequently measured using metrics such as Reaction 
Time, Task Completion Time, and Workload.

3- Satisfaction, Self-report assessments are often used to assess subjective and attitudinal components.

Besides these major components, usability models proposed by others suggest learnability 
(Constantine & Lockwood, 1999; Nielsen, 1994a; Preece et al., 1994; Scneiderman, 1992; Shackel, 
2009) and memorability (Constantine & Lockwood, 1999; Nielsen, 1994a; Scneiderman, 1992; 
Shackel, 2009), safety (Roman, Ancker, Johnson, & Senathirajah, 2017), truthfulness (Ahuja, 2000; 
Atif, 2002), accessibility (Caldwell, Cooper, Reid, & Vanderheiden, 2008), universality (Seffah, 
Donyaee, Kline, & Padda, 2006), and usefulness (Seffah et al., 2006) attributes of the systems should 
be taken in to account when evaluating their usability. Learnability is measured by the average time a 
target user needs to learn using a system (Scneiderman, 1992). Yet memorability is measured through 
time that they can retain the knowledge or skills they need for using the system (Shackel, 2009). 
Needless to say, a system may be easy to learn but arduous to memorize or vice versa.

The safety of a system is concerned with its security, fault tolerance, environmental friendliness, 
and curbing any kind of harm to users and their resources (Seffah et al., 2006). The term “Truthfulness” 
refers to the expectation that if the system is given the correct input, it will create and deliver accurate 
outcomes (Ahuja, 2000; Atif, 2002; Friedman, Khan Jr, & Howe, 2000). But it still is a valid factor in 
many other systems as well. Accessibility deals with the capability of the system to be used by users 
of any kind of disability (Billi et al., 2010; Petrie & Kheir, 2007). Universality, relates to the extent to 
which the system can be used by users of different languages and cultural backgrounds (Clemmensen, 
2009; Cui, Wang, Pan, & Ni, 2020). And finally, Usefulness is concerned with addressing users’ real 
needs in an appropriate way (Ishaq, Zin, Rosdi, Abid, & Ali, 2020; Snyder et al., 2021).
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By and large, every system—consisting of interrelated elements forming a unified whole for 
a mutual suppose—can be a subject of usability evaluation. Yet, since the primary concern of this 
research is evaluating the usability of electronic commerce systems, hereafter, we will focus on the 
usability of online systems.

Because usability is largely experiential, relying solely on explicit self-report metrics runs 
the risk of misinterpretation because experiences might be conscious or unconscious (Likierman, 
2006). That said, one of the methods which have been frequently used for measuring non-conscious 
experience is eye-tracking (Beattie & McGuire, 2012; Veto, Thomas, Alexander, Wemyss, & Mollon, 
2020). Thanks to the recent development of eye-tracking technology, modern eye-tracking systems 
can now accurately and unobtrusively measure eye movements and pupil dilation of the users while 
they are working with the systems which their usability is to be measured. Thus, measuring the user 
experience through their eye movements is remarkably easier than it used to be. Here we investigate 
the association between well-established self report useability scales with eye-tracking metrics.

H1- There is a significant correlation between eye-movement metrics and standard self-report 
usability scales.

Furthermore, nowadays, the usability of systems is mostly regarded as an aspect of the user 
experience (Tomitsch, Janssen, Curwood, & Thomson, 2020) rather than a concrete attribute of the 
system, which is independent of the users’ differences. However, a highly usable system for one group 
of users may not be as usable for another. Therefore, it is more crucial to create and apply usability 
indices that can effectively assess and contrast the experiences of various demographic groups. In 
this regard, eye-tracking has been argued to be a promising method.

Tupikovskaja-Omovie and Tyler (2021) compared the online shopping behavior of experienced 
and inexperienced consumers using eye-tracking. They compared how long experienced and 
inexperienced users spent at various points in the online shopping process. According to this study, 
unskilled users spend noticeably more time on the relevant sites during the majority of the stages.

Hence, we examine the effect of users’ prior online-shopping experience on their usability of 
e-commerce websites by eye-tracking metrics.

H2- Users’ prior online-shopping experience significantly affect their experienced usability of 
e-commerce websites as calculated by eye-tracking metrics.

In another study, Tupikovskaja-Omovie and Tyler (2020) investigated the user experience 
difference between men and women while undertaking online shopping tasks on a mobile device. 
In order to purchase two products within a predetermined budget, they collected eye-tracking data 
from 14 participants as they browsed the website of an online fashion company. The results from this 
research suggests that by and large, men tend to have fewer and longer fixations compared to women 
while shopping online. Therefore, we decided to measure the effect of user’s gender usability while 
shopping on e-commerce websites.

H3- user’s gender significantly affect their experienced usability of e-commerce websites as calculated 
by eye-tracking metrics.

2. BACKGROUND

2.1 Taxonomy of Usability Evaluation Methods
Since the usability assessment is needed for various tools and media, quite a lot of measures and scales 
have been developed for the evaluation of usability (Hartson, Andre, & Williges, 2001; Hasibuan, 
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Santoso, Yunita, & Rahmah, 2020; Hornbæk, 2010; Madan & Dubey, 2012). Plenty of the measures 
proposed and used for usability evaluation are subjective self-report scales (Friedrichs, Borojeni, 
Heuten, Lüdtke, & Boll, 2016; Wang, Terken, & Hu, 2014); others are behavioral metrics (Arinalhaq 
& Widyanti, 2019; Schmidt, Wittmann, & Wolff, 2019). That said, a review of the published usability 
studies by Forster, Hergeth, Naujoks, and Krems (2018) shows up until 2018 preponderance of research 
articles merely used self-report measures for studying usability of different systems. However, they 
revealed a trend of using behavioral measures of usability had already started by then.

In one of the proposed categorizations of usability evaluation methods has been put forth by 
(Bowman, Gabbard, & Hix, 2002), in this taxonomy, different methods are classified from three 
perspectives: (1) User involvement: methods that do not require users compared to those require 
user involvement for the evaluation process. (2) Context of evaluation: Generic versus application-
specific methods (3) Type of results: methods providing qualitative results compared to those yielding 
quantitative results.

Additionally, different taxonomies have been proposed for general (Fitzpatrick, 1998; Ivory 
& Hearst, 2001) and specific uses (Asaddok & Ghazali, 2017; Rauf, Troubitsyna, & Porres, 2019; 
Rodrigues, de Borba Campos, & Zorzo, 2017). However, due to the broad look that (Bowman et 
al., 2002) provides, it has already drawn much attention and by the time has been cited 549 times 
according to Google Scholar.

Eye tracking has been used in previous studies for evaluating the usability of some types of online 
systems such as educational websites and E-learning (Zardari et al., 2021), online banking (Monica 
et al., 2019), and mobile health application (Cho et al., 2019). Furthermore, some researches (Modi 
& Singh, 2022) have used eye tracking for studying the usability of e-commerce websites. However, 
regardless of their importance, the usability of online grocery store has not been subject to appropriate 
investigation using eye tracking technique. In addition, the association between stablished self-report 
usability scales and eye-tracking metrics have not been investigated.

Also, To the best of our knowledge, no taxonomies have included electrophysiological and 
behavioral methodologies despite their expansion and advancement. We claim that these flaws render 
inapplicable Bowman et al. (2002) and other existing usability evaluation taxonomies. In order to 
address these imperfections, we propose the categorization rendered in Table 1.

For a broader understanding of each category of methods, see Table 2.
Newly discovered non-conscious procedures, regardless of conventional self-report metrics of 

usability, have not yet been thoroughly explored. Moreover, more thorough research on these metrics 
is required due to the potential cultural and contextual dependencies of these methodologies.

Having said that, the main goal of this research is to suggest an accurate, trustworthy, quick, and 
simple to use index for evaluating the usability of e-commerce websites. According to this study, 
the proposed index may reduce the need for large sample sizes in quantitative usability evaluation 
methods in order to obtain statistically significant results. Actually, this study evaluates the usability 
of the online grocery stores using eye-tracking method. Thus, this work belongs to the topic of 
neuromarketing, which has recently attracted a lot of interest from academics in several disciplines 
(Hsu & Chen, 2019; Juarez, Tur-Viñes, & Mengual, 2020; Nilashi et al., 2020; Rawnaque et al., 2020).

The Website Analysis and Measurement Inventory (WAMMI), a 20-item and five-point Likert 
scale inventory (Forçan, Abe, de Lima, & Nascimento, 2020; J Kirakowski, 1998), and the System 
Usability Scale (SUS), a 10-item and five-point Likert scale questionnaire (Brooke, 1996b; Holden, 
2020; Mol et al., 2020) are the two major self-report measures used in this study. We excluded one 
of the WAMMI inventory items because it was unrelated to functions of e-commerce websites. With 
19 items total, the WAMMI scale was utilized in this study. Novel taxonomy for usability evaluation 
methods, and summary of usability evaluation methods in Table 1 and Table 2 respectively.
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2.2 Eye-Tracking in Usability Evaluation
The state-of-the-art eye-tracking systems accurately and precisely measure the eye movements of the 
participants, their pupil dilation, and their distance to the object they are looking at and the position 
of their head in the three-dimensional space (Klaib, Alsrehin, Melhem, Bashtawi, & Magableh, 2021; 
Krebs et al., 2021; Niu, Zhou, & Bai, 2021). This information provides highly valid insights into 
cognitive processes as well as the genuine experience of the users. Although many researchers from 
various fields have used eye-tracking as a behavioral measure, here we merely focus on the most 
relevant works pertaining to the use of eye-tracking for the usability evaluation of online shopping 
platforms.

Table 1. A novel taxonomy for usability evaluation methods

User 
Involvement

Consciousness

Conscious Non-Conscious

Requires 
users

Performance • Bare eye behavior 
observation (time of 
successful task completion, 
time on task, mouse 
counting, error tracking, 
behavior coding)

• Electrophysiological 
methods (GSR, EEG, 
EMG, HRV) 
• Computer assisted 
behavior observation 
(eye-tracking, facial 
expression analysis, 
and mouse tracking)

quantitative Type of 
research

• Bare eye behavior 
observation (e.g. behavior 
coding)

• Eye tracking 
visualization (e.g. 
heat-maps) 
• Mouse tracking 
visualizations (e.g. 
heat-maps)

qualitative

Self-report • Survey scales 
• Standardized scale 
questionnaires 
• MADM

• Implicit association 
measures

quantitative

• Open-ended 
questionnaires 
• Interview 
• Focus group 
• Interview (structured, 
semi-structured, and 
unstructured) 
• Focus groups 
• Think Aloud Protocols 
(CTA, AI, and SC) 
• Information architecture 
(Tree testing, card sorting, 
click testing, etc)

- qualitative

Does 
not 
require 
users

Model 
/ expert 
opinion

• Generic performance 
model methods (such as 
Fitt’s law) 
• Cognitive walkthrough 
• Application-specific 
performance model 
methods (such as GOMS) 
• Heuristic Evaluation 
methods

- qualitative
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continued on following page

Table 2. Summarization of usability evaluation methods

Category Method Type Method Definition Ref.

Self-report

Open-ended 
questionnaire

Open-ended 
questionnaire

Open-ended questions are usually 
used alongside other self-report 
measures in order to gain deeper 
insight into the system.

(Albert & Tullis, 2013; 
Wilson, 2013)

Multiple-
choice 
questionnaires

Multiple-choice 
questionnaires

These measures render some 
predefined options to the participants 
and require them to choose one or 
more options.

(Albert & Tullis, 2013)

Standardized 
scales

System Usability 
Scale (SUS)

Scale measures, after each of the 
standardized questions, present the 
user with a range of numbers in 
which the two ends of the range are 
antitheses of each other. Participants 
can choose the respective number 
that most accurately represents their 
answer to the question. There have 
been quite a few standard scales 
with a different numbers of items 
developed and suggested for different 
types of systems.

(Brooke, 1996a; Mol et al., 
2020; Sauro & Lewis, 2016; 
Vlachogianni & Tselios, 
2021)

Usability Magnitude 
Estimation (UME)

(Assila & Ezzedine, 2016; 
Rich & McGee, 2004; Sauro 
& Dumas, 2009)

Website Analysis and 
Measurement Inventory 
(WAMI)

(Ahmad, Hussain, Flayyih, 
Abdulwahab, & Sabri, 
2017; Sauro, 2015; Tullis & 
Stetson, 2004)

Questionnaire for User 
Interaction Satisfaction 
(QUIS)

(Karoulis, Sylaiou, & White, 
2006; Rotaru, Vert, Vasiu, 
& Andone, 2020; Tullis & 
Stetson, 2004)

After Scenario 
Questionnaire (ASQ)

(Lattie et al., 2020; J. R. 
Lewis, 1991)

Computer System 
Usability Questionnaire 
(CSUQ)

(Al-Hassan, AlGhannam, 
Naser, & Alabdulrazzaq, 
2021; Alhadreti, 2021)

Multiple 
Attribute 
Decision 
Making 
(MADM)

Analytic Hierarchy 
Process (AHP)

Different MADM methods have been 
used for spotting the most important 
issues among a range of identified 
issues or the most critical areas of 
the system that users regard as more 
important. In these methods, users fill 
out some questionnaires, and weights 
of the attributes and/or their priorities 
are calculated through the answers.

(Adepoju, Oyefolahan, 
Abdullahi, & Mohammed, 
2020)

Analytic Network 
Process (ANP) (Al-Zahrani, 2020)

Technique for Order of 
Preference by Similarity 
to Ideal Solution 
(TOPSIS)

(Kumar et al., 2020)

Think Aloud 
Protocols

Classical Think Aloud 
(CTA)

In Think Aloud Protocols, users are 
asked to undertake specific tasks 
using a system and meanwhile speak 
out loud and elaborate on their 
thoughts regarding various aspects of 
the system.

(Alhadreti & Mayhew, 2017; 
Elling, Lentz, & de Jong, 
2011; Ji & Rau, 2019)

Active Intervention (AI) (Alhadreti & Mayhew, 2017)

speech communication 
(SC)

(Alhadreti, 2016; Alhadreti 
& Mayhew, 2017; Fan, 2019)

Implicit self-
report

Implicit Association 
Test (IAT)

Implicit association tests measure 
how closely are different concepts and 
items associated with each other by 
users. The associations in this method 
are calculated through reaction times.

(Actis-Grosso, Capellini, 
Ghedin, & Tassistro, 2021)

Information 
architecture

Tree testing These methods aim at matching the 
structure of the information presented 
in the system to users’ expectations. In 
these methods, users are asked to sort 
out the items of the system in a way 
that makes the most sense to them.

(Friberg, 2017; Soranzo & 
Cooksey, 2015; Sripathi & 
Sandru, 2013)

Card sorting
(K. M. Lewis & Hepburn, 
2010; Zimmerman & 
Akerelrea, 2002)

Click testing (Hassan, 2020)
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continued on following page

Table 2. Continued

Category Method Type Method Definition Ref.

Behavioral

Computer 
assisted 
observation

Eye-tracking

These methods use a range of 
hardware and software packages for 
investigating users’ behaviors, usually 
with a sampling frequency of greater 
than 15 Hz.

(Ehmke & Wilson, 2007; 
Goldberg & Wichansky, 
2003; Nielsen & Pernice, 
2010)

Facial expression

(Chao, 2021; Märtin, 
Bissinger, & Asta, 2021; 
Savela‐Huovinen, Toom, 
Knaapila, & Muukkonen, 
2021; Veilleux et al., 2020)

Pressure-sensitive 
mouse

(Dennerlein, Becker, 
Johnson, Reynolds, & Picard, 
2003; Reynolds, 2005)

Mouse tracking (Arroyo, Selker, & Wei, 
2006)

Bare eye 
Observation

Mouse click counting

Bare eye observation methods 
are more conventional and do not 
necessarily require any specific 
electronic equipment; however, in 
some cases, a computer might be used 
to further facilitate the research.

(Tomeo, 2012)

Error counting (Page, 2011)

Time-on-task (Karweit, 1988)

Time of successful task 
completion

(Butnampetch, Sasithonwan, 
Teeranan, & Chintakovid, 
2020; Horton, 2011)

Behavior coding (Cook & Meyer, 2017; 
Geisen & Murphy, 2020)

electrophysiological

Central 
Nervous 
System

Electroencephalography 
(EEG)

Electrophysiological methods have 
recently been used for usability 
evaluations through users’ non-
conscious experiences. These methods 
either work through measuring the 
electrical activity of the brain (EEG) 
or indirect peripheral organs.

(Foglia, Prete, & Zanda, 
2008; Liapis et al., 2020; 
Lin, Omata, Hu, & Imamiya, 
2005)

Peripheral 
Nervous 
System

Galvanic Skin Response 
(GSR)

(do Amaral, Ferreira, 
Aquino, & de Castro, 2013; 
Falkowska, Sobecki, & 
Pietrzak, 2016; Wenzel et 
al., 2015)

HeartRate Variations 
(HRV)

(Trimmel, Meixner-
Pendleton, & Haring, 2003; 
Ward & Marsden, 2003)

Electromyography 
(EMG) (Benedek & Hazlett, 2005)

Experts’ opinion

Heuristic

Jakob Nielsen’s 
Usability Heuristics

Heuristic usability evaluation methods 
require experts to rate different critical 
attributions of the current state of the 
system. Different heuristic models 
have different criteria and attributions.

(Nielsen, 2011; Nielsen & 
Molich, 1990)

Arnie Lund’s Heuristics (Lund, 1997)

Bruce Tognazzini’s 
Heuristics (Tognazzini, 2014)

Ben Shneiderman’s 
Heuristics (Shneiderman, 1986)

Cognitive 
walkthrough

Sketch-based In the walk through methods, usually, 
experts that are not yet familiarized 
with the system try to go through 
different tasks and extract the 
problems that an average user would 
face while carrying out the task. This 
method is very low cost but not highly 
accurate.

(C. Lewis & Wharton, 
1997; Rieman, Franzke, & 
Redmiles, 1995)

Prototype-based (Liu, Osvalder, & Dahlman, 
2005)

Product-based (Dewi, Dantes, & Indrawan, 
2020)

Pluralistic Walkthrough (Nielsen, 1994b)
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Eye-tracking is sometimes used in usability studies to analyze only a portion of an online 
commerce platform, with the goal of improving key and more frequently used elements of the website 
or mobile application. A/B testing (Siroker & Koomen, 2013) is the most common practice in this 
approach. For example (Das, McEwan, & Douglas, 2008) considered the alignment of field labels 
in user forms and compared the top, left, and right alignment of the labels regarding their effect on 
the usability of the user forms in an e-commerce website. According to their research, users who 
typically take longer to complete forms fill them out more quickly when labels are aligned to the right, 
but top alignment is quicker for users who typically take shorter amounts of time (Chen & Pu, 2010) 
concentrated on the design of the product recommenders regarding their interface structure. They 
compared three recommender interface designs with different structures. Per the study’s findings, 
users are likely to focus on recommended products more and for a longer period of time if they are 
arranged in a quadrant layout. (Hwang & Lee, 2020).

From a novel perspective, Luan, Yao, Zhao, and Liu (2016) compared the user’s visual behavior 
while investigating search and experience products. By search products, they meant items like laptops 
and mobile phones that the buyer would probably pay closer attention to attributes. And by “experience 
product,” they meant those goods—like clothing and shoes—where users are most likely to consider 
the experiences of previous purchasers.

3. MATERIALS AND METHODS

This section will cover the demographic information and inclusion criteria used to select the subjects, 
the hardware and software used to collect eye-tracking data, the self-report scales used to gauge 
perceived usability of the tested websites, the protocol that participants had to follow, the algorithms 
used to preprocess the data, and the statistical tests that were performed on the preprocessed data.

Table 2. Continued

Category Method Type Method Definition Ref.

Discussion-based

interview

Unstructured

In these methods, one or more users 
discuss different aspects of a system 
questioned by an interviewer or 
moderator. In some methods, there 
might be more than one moderator, 
or some of the users might be 
assigned to the role as moderators. 
In other methods two moderators 
with opposing perspectives ignite a 
discussion to elicit users’ responses.

(Pittig, Hoyer, & Noack, 
2021)

Semi-structured (Asghar, Cang, & Yu, 2018)

structured (Lagha et al., 2020)

Focus group

Single Focus Group (Caplan, 1990)

Mini Focus Group
(McCloskey, Johnson, 
Bekelman, Martin, & 
Bellows, 2019)

Two-Way Focus Group (Chuka-Maduji, 2021)

Dual Moderator Focus 
Group

(Goertzen & Bakkalbasi, 
2016)

Dueling Moderator 
Focus Group (Chuka-Maduji, 2021)

Model methods

GOMS

CPM-GOM
Model-based methods use some 
specific criteria for predicting the 
difficulty of carrying out a task an 
action using the system. GOMS and 
Fitt’s models are among the most 
famous models used both in academic 
and commercial research.

(Gong & Elkerton, 1990; D. 
Kieras, 1997; D. E. Kieras, 
1999)

NGOMSL (D. Kieras, 1997)

KLM-GOMS (Rice & Lartigue, 2014)

Fitt’s law

Welford model (Hoffmann, 2013)

Mackenzie’s variant (Hoffmann, 2013)

Conventional Fitt’s law (Hoffmann, 2013)
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3.1 Participants
Thirty right-handed participants (15 female) took part in this study (average age of 29, SD=4.45). 
19 of the subjects were pursuing or had already completed their Master’s degree, 8 were pursuing 
or had already completed their Ph.D., and the remaining 3 were pursuing or had already completed 
their bachelor’s degree. Participants were recruited through convenience sampling with the previous 
online shop experiences. We made our sample size decision in accordance with earlier research that 
examined the dependability of eye-tracking data for various sample sizes (Zhang & Liu, 2017). In 
the study conducted by Zhang and Liu (2017), for instance, it was found that the eye-tracking data for 
static picture stimuli is fairly constant for as many as 12 subjects and exceeds the saturation levels at 
16 subjects. Thus, we assume a sample size of 30 subjects will be sufficient for the current study. We 
made an effort to find individuals with both low and high levels of prior internet shopping experience. 
Their online shopping experience was measured using a five-point scale (1- In the past one year, I made 
no online purchases 2- In the past one year, I made one to three online purchases 3- In the past one 
year, I made four to eight online purchases 4- In past one year I made 9 to 12 online purchases 5- In 
past one year I made more than 12 online purchases). The average online shopping experience score 
of the participants was 2.76 (SD= 1.77, Min= 0, and Max= 5). According to the self-report website 
familiarity measured after the experiments, none of the participants were familiar with the websites 
or had previously used them. However, four subjects were familiar with the brand of website A, all 
of them were familiar with the brand of website B, and none of the subjects were familiar with the 
brand of website C (see apparatus and stimuli section for further information on websites). Participants 
reported that their familiarity with the brands was caused by either advertisements or familiarity with 
the parent brand (websites A and B were subsidiaries of two major brands). That said, regardless of 
their familiarity with the brand, participants had not been previously exposed to the websites.

3.2 Apparatus and Stimuli
The Tobii X2-30 eye tracker, with a sampling rate of 30 Hz, has been used in this study along with 
Tobii Studio 3.4.5 eye-tracking software package for stimulus presentation, data recording, and 
data preprocessing. For subjective recording evaluations of the participants regarding each of the 
e-commerce websites that were used as stimuli, we used two standard scales, namely SUS (10 items) 
and WAMMI (19 items). Although the original WAMMI questionnaire has 20 items, due to the 
communicational function of one of the items in the WAMMI inventory—asking about how well the 
users can communicate to those they wish using the website—we excluded it.

Websites of three Iranian online grocery stores—Okala, Snappmarket, and Tezolmarket—were 
used as the main test stimuli. From here on, we will name them as websites A, B, and C respectively. 
In order to minimize the effect of familiarity, the websites were chosen as though participants 
have minimum experience of visiting those websites. Thus, we did not include Digikala’s online 
supermarket, which is the most popular Iranian online grocery seller.

3.3 Protocol
Subjects were questioned about their demographics, level of internet experience, history of e-commerce 
purchases, and familiarity with the tested websites. The demographic questionnaire also asked the 
participants if they were right-handed or left-handed and only right-handed participants who were 
not familiar with the target websites were invited to take part in the experiments. Upon entering the 
lab, where all of the experiments were conducted, subjects received a debriefing about the general 
procedure of the experiment as well as what types of data we would gather and how we would 
handle the data. Prior to data gathering, an electronic written informed consent was received from 
the participants according to the Declaration of Helsinki. Three tasks were established to simulate 
online grocery shopping. That is 1- purchasing dairy product 2- purchasing canned food, 3- purchasing 
drinks. Subjects were instructed to imagine themselves in a real typical situation where they need to 
buy these items. The assignment of the tasks to each of the websites, as well as the order in which 
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different participants were presented with the websites, were randomized. We used Tobii Studio’s 
Sequence option for randomizing the order of stimuli and assignment of the tasks. Participants were 
asked to answer the SUS and modified WAMMI questions for the website they had just used based 
on their experiences after completing each task and before moving on to the next one.

3.4 Analysis
In the analysis stage of this study, by Tobii Studio software, the recorded eye-tracking data was 
segmented and unwanted parts of the recordings were excluded. The Tobii IV-T filter (Olsen, 2012), 
as implemented in Tobii Studio, was used for preprocessing the eye movements and classifying 
fixations. Afterward, areas of interest (AOIs) were defined over the whole page for the segmented parts 
of the recording. Then, participants were divided into groups by their gender and online purchasing 
experience. The eye-tracking metrics including pupil size, fixation count, duration of fixations, total 
duration of fixations, saccade count, saccade amplitudes, and duration of segments, were then exported 
from the software. Later by summing up amplitudes of saccades and using durations of segments, 
we calculated scan path length and task times, respectively. We used the Spearman correlation test 
to determine the relationship between behavioral and self-report measures because the data had a 
non-normal distribution, as determined by the Shapiro-Wilk normality test.

4. RESULTS

The initial goal of this study was to look into the relationship between eye-tracking metrics and already 
established self-report usability scales. The Shapiro-Wilk normality test showed the data were not 
normally distributed. Thus, in this phase of the study, the Spearman correlation test was used. That 
is, the correlation between behavioral and eye-tracking parameters and the SUS and WAMMI was 
calculated. Eye-tracking and behavioral measures included in this statistical test were fixation count, 
duration of fixations, total duration of fixations, saccade count, pupil size, task time, and scan path 
length. Since the self-report measures were highly correlated to each other, and there were 29 single 
questions asked from subjects for every website, we chose to report the test results for averaged scale 
scores here. However, the complete test results are available in the appendix. Table 3 presents the 
findings of the correlation test on the average score.

Regarding the results reported in Table 3, fixation count, fixation duration, total fixation duration 
saccade count, pupil size, task time, and scan path length are negatively correlated to the Website 
Analysis and Measurement Inventory scale. The correlation coefficients for the System Usability Scale 
are almost the same as WAMMI but for fixation duration. According to the Spearman correlation 
coefficients, fixation count, saccade count, and scan path metrics have the strongest association with 
the self-report usability scores.

Having yielded statistically significant results in the correlation test between behavioral metrics 
and self-report measures, we then used the behavioral metrics as a ground for comparing the visual 
behavior of men and women as non-conscious usability measures. So, in the second phase of this 
study, we used a t-test to compare two groups of men and women. Results from this test are reported 
in Table 4.

The results shown in Table 4 show that there was a significant difference between men and 
women’s visual behavior and, consequently, usability when making online grocery purchases. Having 
looked at the means of the eye-tracking and behavioral metrics, it’s seen that women score higher 
fixation count, and saccade counts, longer duration of fixations, and larger pupil dilation. Descriptive 
statistics comparing the eye-tracking and behavioral metrics among men and women have been 
reported in Table 5.

When we consider the eye-tracking metrics from the earlier analysis phase, we can understand 
why women appear to have lower usability experience scores than men. This might be due to women’s 
need for more details when making decisions in order to reduce their decision risk (Arnsten, 1998; 
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Keinan, 1987; Keinan, Friedland, & Ben-Porath, 1987; Porcelli & Delgado, 2009). Thus, we assume 
women try to get more information when they are observing the web pages so that they can avoid 
taking risks when deciding to buy a product.

Concerning the other hypothesis of the present study, we conducted a second t-test to examine 
the effect of prior online shopping experience on the participant’s visual behavior while purchasing 
groceries. Results of this t-test have been reported in Table 6.

Results from this test suggests those participants with higher online shopping experience have 
fewer fixations and saccades, shorter fixation duration, total fixation duration, and scan path length, as 
well as lower pupil dilation when undertaking the online purchasing task. In other words, the results 
indicate that users with greater e-shopping experience perceive the website to be more usable than 
those with less e-shopping experience. Descriptive statistics comparing two groups of subjects by 
their online-shopping experience have been reported in Table 7.

According to the results reported in Table 7. The higher the participants’ experience with 
e-commerce websites, the fewer the number of fixations and saccades, and the shorter the scan path. 

Table 4. Results of t-test on online-shopping experience

Metrics F Sig t df Sig

FC 0.134 0.717 4.942 28 < 0.001

FD 0.016 0.899 3.942 28 < 0.001

TFD 0.000 0.984 5.079 28 < 0.001

SC 0.210 0.650 3.994 28 < 0.001

PS 0.089 0.767 4.511 28 < 0.001

TT 0.750 0.394 5.380 28 < 0.001

SPL 0.003 0.955 3.021 28 0.005

Table 3. Association of behavioral metrics with usability scales’ score

Measure Stat FC FD TFD SPL

WAMI

Rho -.731** -.189* -.630** -.737**

P < 0.001 0.037 < 0.001 < 0.001

N 90 90 90 90

SUS

Rho -.699** -0.158 -.601** -.677**

P < 0.001 0.068 < 0.001 < 0.001

N 90 90 90 90

Measure Stat SC PS TT

-

WAMI

Rho -.748** -.404** .451**

P < 0.001 < 0.001 < 0.001

N 90 90 90

SUS

Rho -.695** -.373** .387**

P < 0.001 < 0.001 < 0.001

N 90 90 90
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The visualized results of the eye-tracking experiment, namely Heat maps and Gaze Plots for the main 
pages of the three e-commerce websites tested in this study, are as seen in Figure1.

Figure 1 illustrates the visual performance disparity between three online grocery stores. In order 
to yield more reliable results, we chose the three test websites regarding their usability evaluated 
by a user experience expert. We aimed to include websites with low, medium, and high usability 
performance. The patterns of eye movement depicted in Figure 1 indicate that we were largely 
successful. We reason if the website is more usable, the fixations should be somewhat evenly distributed 
with higher density on target products. As seen in Figure 1 for website B (lower usability), participants 
mostly attended to the top of the page where they expected a product classification tree and paid 
rather lower attention to the other parts of the user interface. For website A (medium usability) and 
website C (higher usability), participants attended to the target products more often and their visual 
attention was rather smoothly distributed.

Table 6. T-test results comparing men’s and women’s visual behavior when shopping online

Metrics F Sig t df Sig

FC 0.084 0.774 9.839 28 < 0.001

FD 0.285 0.597 12.886 28 < 0.001

TFD 0.304 0.586 18.428 28 < 0.001

SC 0.108 0.744 6.867 28 < 0.001

PS 2.296 0.141 14.286 28 < 0.001

TT 0.072 0.791 12.389 28 < 0.001

SPL 0.018 0.894 4.441 28 < 0.001

Table 5. Descriptive statistics of the metrics across genders

Metrix/Gender N Mean SD SE Mean

FC
F 15 510.67 32.27 8.33

M 15 393.73 32.83 8.48

FD
F 15 0.43 0.02 0

M 15 0.35 0.02 0

TDF
F 15 216.87 13.23 3.41

M 15 135.74 10.76 2.78

SC
F 15 679.67 55.28 14.27

M 15 542.6 54.03 13.95

PS
F 15 2.77 0.11 0.03

M 15 2.26 0.08 0.02

TT
F 15 243.31 11.8 3.05

M 15 188.75 12.31 3.18

SPL
F 15 1403.18 169.95 43.88

M 15 1136.72 158.47 40.92
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Figure 1. Visualized eye movement patterns on three e-commerce websites tested (from left to right and top to bottom, Website 
A, Website B, Website C gaze plots; Website A, Website B, and Website C heat maps)

Table 7. Descriptive statistics comparing participants with high/low online-shopping experiences

Metrics Exp.* N Mean SD SE Mean

FC
L 14 500.64 50.06 13.38

H 16 409.81 50.35 12.59

FD
L 14 0.41 0.04 0.01

H 16 0.36 0.04 0.01

TFD
L 14 207.55 32.21 8.61

H 16 148.96 30.91 7.73

SC
L 14 666.86 67.04 17.92

H 16 562.38 75.11 18.78

PS
L 14 2.7 0.2 0.05

H 16 2.35 0.23 0.06

TT
L 14 238.64 16.57 4.43

H 16 196.25 25.05 6.26

SPL
L 14 1379.79 192.48 51.44

H 16 1173.84 180.76 45.19

* Exp: experience
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5. DISCUSSION

This study shows there might be a novel usability metric available for the evaluation of usability in 
e-commerce websites. This metric, opposing with the self-report metrics, may not be easily infected 
by the participants’ conscious or unconscious deviation from the truth. Thus, such a measure will be 
way more valid, and we argue that if the participants sampled to be tested chosen according to the 
real target population, the results indicated by this novel metric can be reliable as well. Regarding 
the previous research undertaken on the effect of website user interface design on the eye movement 
patterns of the visitors, (Goldberg & Wichansky, 2003) suggests the fixation count and saccades 
users have while working with a user interface are affected by the visual complexity of the website. 
We argue that the higher the visual complexity of a website, the lower the usability score of that 
website thus we assumed that fixation count and saccade count would be negatively correlated with 
the self-report usability scales. This fact was proven by the results of the current study. According to 
a review done by (Ehmke & Wilson, 2007), the scan path length also is negatively correlated with the 
overall usability of a website which has been proven with results from the current research as well. 
Regarding the effect of gender on eye movement, a prior research suggests young boys and girls code 
activities—as measured using eye-tracking differently, but they reasoned more empirical evidence is 
needed for substantiating such hypothesis (Papavlasopoulou, Sharma, & Giannakos, 2020). Another 
study showed women have more saccades and length scan path length compared to men when viewing 
media (Sargezeh, Tavakoli, & Daliri, 2019). Thus, the current research is in line with the literature. 
This study has some limitations, much like any experimental research, and we recommend that future 
studies make up for them. Nowadays, we cannot ignore the prevalence of mobile phones and how 
they facilitate our access to the internet and the e-commerce sector; consequently, we believe that 
examining the usability of mobile versions of websites is an important and necessary area of study. 
Due to time and financial constraints, we were unable to include mobile versions of the websites in 
our experiment and hence cannot discuss them in this study. The eye-tracking equipment employed in 
this investigation had a sampling rate of 30 Hz, which is not quite high for a fully accurate computation 
of saccades. Additionally, we picked the websites based on how subjectively usable they were. It is 
strongly advised that later studies conduct a pre-test on the usability metrics of the websites in order 
to ensure that the websites have both high and low usability metrics. Additionally, creating fictional 
websites to assess their usability is advised for the researchers. By doing this, companies may also 
better manage the consequences of brand and website familiarity.

This research failed to control the participants’ familiarity with the brands, which may have 
introduced some errors into the findings. Despite the fact that it controlled for website familiarity 
(none of the participants had ever used either of the websites before), this research did not control 
for brand familiarity. On the other hand, we reasoned that since purchasing random food products in 
unfamiliar online grocery stores is more of a cognitive task than an affective task, the familiarity with 
the brand and attitude towards the brand should not play a significant role in the overall experienced 
usability of the websites. Yet we suggest future studies also control these brand-related variables. 
Also, Zhang and Liu (2017) found saturation with 16 individuals seeing static stimuli, however other 
studies suggest a larger sample size can increase reliability. Consequently, future studies should use 
larger samples.

6. CONCLUSION

Eye-tracking metrics such as fixation count, saccade count, fixation duration, total fixation duration, 
and scan path length, along with pupil size, can be effectively used as an alternative to self-report 
scales, which are prone to producing inaccurate results. These findings were discovered as a result 
of a study that was conducted. It shows these metrics are negatively correlated with the self-report 
usability measures. Since these measures are mostly unconscious, participants may not control 
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them, and thus the results drawn from these metrics are more valid compared to those resulting from 
self-report measures. Furthermore, to evaluate the usability of a website is a valid and reliable way, 
researchers even if they don’t use eye-tracking metrics, usually have to have participants go through 
multiple tasks and then have them fill the self-report questionnaire (Davis, Gardner, & Schnall, 
2020; Unrau & Kray, 2019). Thus, using eye-tracking metrics proposed by the current study instead 
can reduce the duration of the research. Results from the current study also suggest women have a 
harder time finding and choosing the items to be added to their cart compared to men. The findings 
of this study also demonstrate that the usability of an e-commerce website increases with past online 
buying experience.
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