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Abstract: The increasing popularity of neuromarketing has led to the emergence of various mea-
surement methods, such as webcam-based eye-tracking technology. Webcam-based eye-tracking
technology is noteworthy not only for its use in laboratories but also for its ability to be applied
to participants online in their natural environments through a link. However, the complexity of
e-commerce interfaces necessitates high performance in eye-tracking methods. This complexity and
the applicability of webcam-based eye-tracking technology in various environments have raised
research questions about how its performance changes depending on the type and location of lighting.
To answer these questions, experiments were conducted with 30 users in two different experimental
environments illuminated by artificial and natural methods, with the lighting from the left, right,
and front. Participants were asked to focus on targets located in specially prepared graphics for the
experiment. In the heatmaps obtained in the eye-tracking tests, the distance and angular difference
between the focal point and the target point were measured using the polar coordinate system. The
findings indicate that measurements taken with lighting coming from the center were more efficient in
both natural and artificial lighting types and measurements taken under natural lighting performed
24% better than artificial ones. Web camera-based eye-tracking technology is a promising method.
However, detailed statistical analyses have demonstrated that for complex interfaces like e-commerce,
the position and type of lighting are crucial parameters.

Keywords: web-based eye tracking; neuromarketing; e-commerce; human computer interaction;
lighting conditions

1. Introduction

Visual stimuli constitute the primary source of information from the environment
and occupy a broader cognitive space in the brain compared to other sensory inputs [1–6].
As a reflection of the intricate workings of the mind, the processing and interpretation of
visual data have become significant factors in various aspects today. In this context, visual
perception has become a focal point both academically and commercially [7]. Eye tracking
is an experimental research method that has emerged at the intersection of psychology,
neuroscience, and marketing with the aim of better understanding human behaviors. It
involves tracking and recording a user’s eye movements [8]. This technology, which allows
the measurement of visual attention [9], enables the examination of where, when, for
how long, and in what order a user focuses, as well as the intensity and distribution of
this focus [10]. Eye-tracking technology is increasingly being used for purposes such as
understanding responses to visual stimuli, evaluating advertising effectiveness, optimizing
product designs, understanding consumer behaviors, making marketing strategies more
effective and personalized [11], and ensuring customer satisfaction [12] (p. 64), and its
usage has been on the rise [13,14]. These studies, which are a critical tool for the analysis
of visual attention, can be conducted both in laboratory settings and in natural scenar-
ios [15]. With the increasing interest in eye-tracking technology and its expanding range of
applications, the devices and techniques used in this field have also evolved. Eye-tracking
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technology has evolved over time, offering various options ranging from non-user-friendly
contact lenses [16–19] to wearable devices and video-based methods [20–25]. During this
process, the cost of eye-tracking technologies has decreased, making these technologies
more accessible. Webcam-based eye-tracking technology, in particular, has gained attention
due to its low cost, lack of additional hardware requirements, absence of physical contacts,
and its ability to be applied anywhere through a simple link. The ability to apply this
method anywhere allows participants to take part in the experiment from various positions
with natural and artificial lighting sources with the light coming from different directions
(from the right, left, and center). When evaluated in conjunction with the information
density and complexity of e-commerce interfaces, this situation has raised questions about
how the direction and type of lighting affect webcam-based eye-tracking performance.
The research was conducted with the aim of improving the performance of this method,
collecting more qualitative data, and contributing to the expert knowledge in the field. To
date, there have been no comprehensive studies related to lighting on web camera-based
eye-tracking methods. It is believed that this study will make a significant contribution
to the processes of data collection, experiment setup, and interpretation of heatmaps in
future research.

2. Literature Review

The sense of vision serves as a primary conduit for a plethora of information derived
from the surrounding environment. One-quarter of the brain’s volume is allocated to
visual image processing and its integration. Visual image processing occupies a broader
area in the brain compared to other senses, indicating the significance of the sense of
vision [1–6]. Comprehending the fundamental physiological structure of the eye and the
process through which vision is formed is essential for eye-tracking studies [26,27].

The process of image formation begins with the arrival of light signals reflected from
objects to the eye. Within the brain, there exist millions of neurons that transform these
luminous signals into encoded electrochemical signals. This group of neurons, also known
as photoreceptors, constitutes the retina. Continuous movements of the eyeballs allow
the light inputs from the object of interest to fall onto this region [4] (p. 13). Contrary to
popular belief, eye movements are not smooth. The process of vision involves two distinct
eye movements known as saccades and fixations [15]. Saccades are rapid eye movements
lasting approximately 20–40 milliseconds (occurring at an average rate of three to four times
per second) and are recognized as the swiftest motions within the human body. Fixations,
on the other hand, occur following these rapid eye movements, during which the eyes
remain relatively stable (approximately 200–500 milliseconds) and focused on the object of
interest [28–31]. Due to the inability of the eye to process the target image with high quality
in a single fixation, it necessitates frequent movements. Consequently, most fixations are
relatively short, and this duration can vary depending on factors such as the nature of the
visual stimulus, the purpose and complexity of the task, the individual capabilities of the
observer, and the focal point of attention [32]. During fixations, although perception may
appear static, the eye is actually engaged in continuous movements, including tremors,
drifts, and microsaccades [33] (pp. 3–13). However, saccades and fixations are the most
frequently discussed eye movements, particularly capturing the attention of user experience
(UX) researchers in e-commerce and marketing research [31] (p. 12).

Eye tracking is an experimental method wherein the eye movements and gaze position
of a user are tracked and recorded over a specific period and task duration, enabling the
measurement of visual attention [9]. This method is frequently employed in areas where
the focus and distribution of visual attention are crucial [14,27,34]. This method allows for
the investigation of where, when, for how long, and in what sequence a user directs his
focus, thus making it a versatile research technique across various disciplines [9]. From fun-
damental studies of perception and memory [34–36] to game strategy development [37,38],
from marketing and advertising [7] to industrial engineering [39], and from driving be-
haviors [40] to the professional development of educators [41], eye-tracking studies find
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application in almost every facet of life. Eye tracking, a tool for the analysis of visual
attention, is garnering increasing attention in the relevant literature [9,27,42,43].

The growing interest and significance of eye tracking have been reflected in the
variety of devices and techniques developed. The eye-tracking methodology originated
with attempts to monitor the pupil externally and evolved into its present form through
the development of after images, attachment devices, optical devices, remote devices,
electro-oculographic devices, and portable eye-tracking techniques throughout history [20]
(pp. 14–28).

Many early-stage eye-tracking techniques employed devices such as contact lenses [16]
and electrodes [44], which necessitated physical intervention, making them impractical and
discomforting for the user. Later, wearable eye-tracking devices that were less intrusive
were developed, but these devices did not achieve the desired practical impact either [18,19].
In contrast, video-based eye-tracking techniques that are more suitable for daily use and
do not cause discomfort to the user have begun to be developed [22,23].

Jacob and Karn [45] pointed out that despite the promising advancements in eye-
tracking research, the utilization of such technologies had yet to proliferate to its potential
level. They attributed this to the limitations related to eye-tracking hardware and software,
as well as a lack of knowledge in interpreting the acquired data. In addition to these
factors, the nature of the calibration process, requiring meticulous work and the shortage
of competent experts in interpreting the acquired data [46] (p. 5), as well as factors like the
cost of laboratory equipment and hardware, can be attributed to the limited proliferation of
eye-tracking technology to the desired extent [47,48]. Nevertheless, the high-cost hardware
and software in eye-tracking technology are gradually being replaced by more afford-
able alternatives [49]. The development of open-source software for data analysis [50],
the production of wearable eye-tracking devices [51], the utilization of web cameras for
eye-tracking [21,22,24,48], and the creation of eye-tracking software driven by artificial
intelligence technology [52] are among the efforts aimed at making research in this field
more accessible and widespread.

Eye tracking, based on the assumption of a direct relationship between where an
individual looks and what they are cognitively attending to [31,43,53], can be conducted
both in laboratory settings and in users’ natural environments. During the data collection
process, users can be instructed to observe a variety of predetermined stimuli, which can be
either static or dynamic, living or non-living [15]. Eye-tracking hardware can be categorized
into two main groups: desktop-based devices and mobile devices. Desktop-based devices,
which are mounted in a fixed location, record users’ eye movements from a stationary and
relatively distant position, requiring users to sit in front of a screen. Mobile devices, as
the name implies, allow users movement and capture images using wearable eye-tracking
devices [25]. Eye-tracking technologies can measure various variables, including the
position, number, and duration of fixations, the sequence and speed of saccades, pupil
diameter, blink frequency, and many other factors [10].

While traditional marketing methods aim to decipher consumers’ approaches towards
specific products and develop suitable sales strategies, they may not fully reflect consumers’
attitudes at the moment of purchase. Misunderstanding or misinterpreting these attitudes
could lead to adverse outcomes for businesses, thus leading to an increasing focus on
neuromarketing tools [54]. Neuromarketing has introduced a novel area where both
cognitive and emotional aspects of consumer behavior can be studied together [8]. Research
in this field has shown that individuals might not always express their preferences and
intentions clearly, and they might not always be aware of the underlying reasons for their
choices. This phenomenon is a crucial factor for both researchers in the field and relevant
businesses to understand how the consumer’s brain responds to specific stimuli [55].

The number and variety of commercial stimuli that consumers are exposed to in daily
life are increasing. Visual advertisements are among the marketing stimuli that businesses
most commonly resort to in order to closely monitor their target consumer groups. From the
consumer’s perspective, individuals engage in an information search process throughout
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their purchasing journey to fulfil various desires and needs, and visual search is the most
effective tool in this process [56]. The field of marketing, as both a philosophy and an
organizational strategy, centers on achieving customer satisfaction and conducting the
most suitable purchasing actions by focusing on these information-searching behaviors [12]
(p. 64). As a result, with the increasing significance and scope of visual marketing, the
growing utilization of eye-tracking technology in commercial settings has also become an
expected progression. It is known that numerous companies such as PepsiCo, Pfizer, P&G,
and Unilever have employed this technology to formulate sales strategies in both America
and Europe [7]. These developments are further supported by the reduction in the costs
associated with eye-tracking tools and research.

With the increasing prevalence of e-commerce, consumers’ shopping experiences have
diverged from their experiences in physical stores [13]. There exist numerous studies in
the literature that compare physical and virtual stores [57–59]. In physical stores, the store
atmosphere influences consumer behaviors [60–62]. In e-commerce and digital marketing
processes, many significant variables used in the store atmosphere become obsolete. Factors
that affect the atmosphere like scent, lighting, and ventilation cannot be controlled in the
e-commerce process. This aspect sets e-commerce apart from physical stores.

Due to its inherent nature, e-commerce is unable to convey elements such as the scent,
taste, and texture of a product to consumers within the current technological infrastruc-
ture [63] and, therefore, cannot address consumers’ sensory characteristics. In e-commerce,
the most crucial and fundamental variable is the power of visual presentation. These
reasons highlight the significance of eye-tracking in the field of e-commerce.

3. Research Hypothesis

The research questions were developed based on three main justifications. The first of
these justifications is web camera-based eye tracking as an emerging and promising research
method in the field of neuromarketing. During and after the COVID-19 pandemic, the shift
of communication to the online realm has led to an increase in video calls. Subsequently,
the concepts of remote and freelance work have gained popularity [64]. These changes
spurred improvements in webcam hardware on computers, prompting competition among
computer and hardware manufacturers. Consequently, the webcam hardware used by
users on their computers has advanced, making webcam-based eye-tracking methods
feasible. While the performance of eye-tracking devices is high, their costs remain elevated,
too. When evaluated from a cost-performance standpoint, webcam-based eye tracking
stands out for its cost-effectiveness. Webcam-based eye-tracking tests can be conducted
without the need for any additional hardware [65]. These tests can be administered online
through the distribution of a link, similar to online surveys, or conducted in a laboratory
environment like traditional methods.

One significant domain where eye-tracking studies are conducted is the user interface
(UI) and user experience (UX) design. E-commerce businesses need to enhance their
interfaces in response to evolving customer behaviors and technologies [66]. The product
boxes of the world’s top five most visited e-commerce and shopping platforms [67] are
given in Figure 1.

Upon examining the product boxes, it is observed that there are objects with distances
ranging from 5 px to 20 px. The closely positioned objects found in e-commerce interfaces
emphasize the greater significance of eye-tracking calibration accuracy. Thus, within
the realm of e-commerce, a sharper calibration is required compared to other marketing
materials. For instance, in a full-screen eye-tracking test of a package, slight calibration
deviations of 5–20 px would not significantly impact the focus on the logo, weight, or
product name. However, in e-commerce interfaces, this situation holds great importance,
which is the second justification for the research questions.
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Figure 1. Product boxes of the top five most visited e-commerce and shopping platforms in the world.

In addition to the increasing importance of webcam-based eye-tracking and the com-
plexity of e-commerce interfaces, the final justification for the research questions is that
the webcam-based eye-tracking technology operates through the analysis of images. As
commonly known, light serves as the fundamental constituent of these images. Given
the meticulousness required by calibration in e-commerce, the study aims to ascertain
whether the nature of the light source, whether natural or artificial, and the arrangement of
lighting have an impact on the accuracy of eye-tracking. In light of these considerations,
the following research questions have been devised:

Research Question 1 (RQ1): How does the choice of lighting of the research environ-
ment (natural or artificial light) impact the performance (the amount and angle of focus
displacement) of eye-tracking systems?

Research Question 2 (RQ2): How does the choice of lighting direction (light coming
from the left, center, and right sides) impact the performance (the amount and angle of
focus displacement) of eye-tracking systems?

4. Materials and Methods
4.1. Procedure

Prior to the experiment, participants were informed about the eye-tracking method. A
presentation was given to all participants regarding the calibration processes. Participants
were informed that they would not experience any physical contact and their images would
not be recorded by the camera; only data related to where they were looking on the screen
would be collected. Both experimental environments were introduced to the participants
before the experiment. Tests were conducted in each experimental environment with the
lighting coming from the right, front, and left. Consequently, participants underwent three
eye-tracking tests in the experimental environment with artificial light sources and three
tests in the experimental environment with natural light sources. No distracting visual
elements were present in the experimental environment, and the experimental setting was
maintained in silence. The GazeRecorder software, which specializes in eye tracking and
statistical analysis, was utilized in the experiment [65]. The reason for selecting this tool is
its widespread use in scientific eye-tracking studies [65,68–73].

4.2. Collecting Data

The sample was formed using a simple random sampling method, consisting of 30 par-
ticipants who do not use glasses or contact lenses and have an equal distribution of males
and females. The age range of the participants varied from 18 to 27 years, with a mean age
of 20.1. The research was conducted in November 2022 at the neuromarketing laboratory
of a foundation university located in the capital city of Turkey. The data obtained during
the study were stored in the cloud environment using the GazeRecorder infrastructure.
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4.3. Experimental Environment and Materials

The laptop computer used during the research was the Apple Macbook M1 Pro
14′ ′ 2021. This laptop features a built-in Liquid Retina XDR Display with a resolution
of 3024 × 1964 pixels. The integrated “Facetime HD Camera” on the computer boasts
a resolution of 1920 × 1080 pixels (1080p) and can capture video at a rate of 30 frames
per second (fps). The first experimental environment was a controlled environment with
artificial lighting and no other light sources. The laboratory settings were purposefully
designed to replicate the characteristics of a dark room. Three softboxes were used, each
positioned at the same distance, height, and angle from the table, and remained stationary
throughout the experiment. Softboxes are equipment designed to evenly distribute artificial
light, containing various reflective materials within. Each softbox is equipped with an
AC 220V motor speed control circuit that allows for controlling the light level. The light
level was maintained at the highest setting in all three softboxes. Inside each softbox, there
are four E27-type sockets. Four compact fluorescent lamps (CFL), 23 W, 50 Hz, 160 mA,
1600 lumens, and white (865 K) were installed in each of these sockets for each softbox. In
total, 12 bulbs with identical specifications were used across the three softboxes.

The experiments were conducted in two different environments, as illustrated in
Figure 2. In Figure 2a, the depicted photograph represents a dark room devoid of any
windows through which natural light could penetrate. In environment (a), the tests were
conducted exclusively with the use of softboxes for lighting. Figure 2b, on the other hand,
features an environment with only a single window as a source of natural light, and apart
from that, it remains unlit by artificial lighting.

J. Theor. Appl. Electron. Commer. Res. 2023, 18, FOR PEER REVIEW  6 
 

 

4.2. Collecting Data 

The sample was formed using a simple random sampling method, consisting of 30 

participants who do not use glasses or contact lenses and have an equal distribution of 

males and females. The age range of the participants varied from 18 to 27 years, with a 

mean age of 20.1. The research was conducted in November 2022 at the neuromarketing 

laboratory of a foundation university located in the capital city of Turkey. The data ob-

tained during the study were stored in the cloud environment using the GazeRecorder 

infrastructure. 

4.3. Experimental Environment and Materials 

The laptop computer used during the research was the Apple Macbook M1 Pro 14” 

2021. This laptop features a built-in Liquid Retina XDR Display with a resolution of 3024 

× 1964 pixels. The integrated “Facetime HD Camera” on the computer boasts a resolution 

of 1920 × 1080 pixels (1080p) and can capture video at a rate of 30 frames per second (fps). 

The first experimental environment was a controlled environment with artificial lighting 

and no other light sources. The laboratory settings were purposefully designed to replicate 

the characteristics of a dark room. Three softboxes were used, each positioned at the same 

distance, height, and angle from the table, and remained stationary throughout the exper-

iment. Softboxes are equipment designed to evenly distribute artificial light, containing 

various  reflective materials within. Each  softbox  is  equipped with  an AC  220V motor 

speed control circuit that allows for controlling the light level. The light level was main-

tained at the highest setting in all three softboxes. Inside each softbox, there are four E27-

type sockets. Four compact fluorescent lamps (CFL), 23 W, 50 Hz, 160 mA, 1600 lumens, 

and white (865 K) were installed in each of these sockets for each softbox. In total, 12 bulbs 

with identical specifications were used across the three softboxes.   

The experiments were conducted in two different environments, as illustrated in Fig-

ure 2. In Figure 2a, the depicted photograph represents a dark room devoid of any win-

dows through which natural light could penetrate. In environment (a), the tests were con-

ducted exclusively with the use of softboxes for  lighting. Figure 2b, on the other hand, 

features an environment with only a single window as a source of natural light, and apart 

from that, it remains unlit by artificial lighting. 

   
(a) Artificial light  (b) Natural light 

Figure 2. Experimental environments. 

4.4. Experimental Design 

As depicted in Figure 3, during the eye-tracking tests conducted with artificial light-

ing, each participant underwent  three separate  tests with  the  lighting coming  from  the 

right, front, and left consecutively. Heating is a crucial factor to consider when using UV 

light sources. The time elapsed after the light source is turned on is essential for the sta-

bility of the light source [74]. 

Figure 2. Experimental environments.

4.4. Experimental Design

As depicted in Figure 3, during the eye-tracking tests conducted with artificial lighting,
each participant underwent three separate tests with the lighting coming from the right,
front, and left consecutively. Heating is a crucial factor to consider when using UV light
sources. The time elapsed after the light source is turned on is essential for the stability of
the light source [74].
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Figure 3. Experimental process of artificial lighting.

Compact fluorescent lamps typically do not produce their optimum light output until
one or two minutes after they are turned on [75]. A 1 h warming period is crucial, especially
for fluorescent lamps that exhibit unstable electrical and light behavior, especially during
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the first 30 min of warming [76]. Based on the literature, the lights in the softboxes were
left open for 1 h before the start of the experiments to stabilize and homogenize the light
performance of the bulbs (Figure 4). This stage of the experiment is referred to as artificial
light tests. During the artificial light tests, the computer and the participant remained
stationary, and the tests were repeated. Each test lasted for one minute.
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Figure 4. CFLs warm-up time [77].

As seen in Figure 5, during the natural light tests, the computer and the participant
changed their seating arrangement to receive natural light from the left, center, and right
sides. The camera’s angle to the window was kept constant throughout the experiment.
Maintaining a constant level of sunlight is an impossible task. However, during the
experiment, efforts were made to keep the experimental environment stable, and the tests
were conducted on sunny and clear days between 09:00 and 13:00 to minimize variations
due to weather conditions.
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Figure 5. Experimental process of natural lighting.

The program conducts various checks before starting data collection to ensure that the
experiment can collect data under the same standards. These conditions include adjusting
a clear view of the face, ensuring the amount of light in the room, and ensuring that there
is no strong light behind the participants so that appropriate seating distance and position
can be adjusted [73]. If these conditions cannot be met, the experiment does not begin.
Similarly, if these conditions cannot be maintained during the experiment, the experiment
automatically terminates and is considered unsuccessful.

The calibration screens for the research are shown in Figure 6. The initial calibration is
performed with the red target point against a gray background, as seen in Figure 6a. The
red point moves in accordance with the flow of the yellow arrow in the visual. During this
process, participants track the red point with their eyes. In the initial process of calibration,
the screen is scanned at 17 different points, including the spaces in between. The second
calibration of the test is conducted with a white background, using the red target point
depicted in Figure 6b. The red point moves in accordance with the flow of yellow arrows
in the visual, repeatedly traversing from the center to the left edge, right edge, top, and
bottom. During this process, participants move their heads in response to the movement
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of the red target. Head movements are used to complete the calibration by scanning five
different points on the screen and the space between them. In the second and third phases
of calibrations, as shown in Figure 6c,d, participants were once again asked to follow the
moving red dots with their eyes, similar to the first calibration. The second and third
calibrations involve scanning five points each and are completed more quickly than the
first calibration. The reason for using three different background colors (white, gray, and
black) in the calibration is to calibrate the reflections in the eye. The reflections from the
screen can cause the pupil to appear brighter or darker. The software performs eye tracking
by looking for a bright or dark elliptical shape on the image, which is why the calibration
process is structured in this way [78].
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Figure 6. The calibration process of webcam-based eye-tracking method.

One of the outputs of eye-tracking studies is a heatmap, which illustrates how a group
of participants examine a visual element. As seen in Figure 7, a heatmap consists of cold
and warm colors. Warm colors represent the areas of highest interest and attention, while
cold colors represent the areas of least interest and attention [52].
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Figure 7. Heatmap color scale.

In the study, participants were instructed to look at a black target located inside a circle
in graphics specially designed for the study. These targets were individually presented to
participants in squares at the four corners and in the center of the screen. In the analysis,
the differences in both spatial and angular aspects between the black dot the participants
were instructed to look at and the point with the longest dwell time (the point participants
focused on the most) in the heatmaps were determined. The arithmetic mean of the data
obtained from tests conducted with three different lighting conditions, using natural and
artificial light from three different angles, was calculated. This allowed the determination
of the average shift in distance and angle for all measurement types. Consequently, the
type of light and the direction with the least calibration errors were identified.
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5. Results

Within the scope of the research, five visuals were tested with twenty participants
in two different experimental environments, using three different positions of lighting.
Accordingly, a total of 900 (5 × 2 × 3 × 30) visuals were subjected to testing. The data of a
participant for the heatmaps are shared in Figure 8 as a sample. The black dot inside the
circle represents the actual point participants looked at, while the heatmaps represent the
areas focused on in the measurement results.
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Figure 8. A heatmap sample of a participant showing the intended focal point and the actual point
of focus.

Heatmaps are created using two different variables for data visualization: blur and
scale. The blur level is kept at its lowest, and the scale variable is used to identify the
first reddening point. This point represents the location where participants focused for
the longest duration as a result of the analysis. The distance between the intended focal
point (black dot) and the point where participants focused for the longest duration in the
analysis was measured. In addition to measuring the distance, data on the direction of the
shift in the polar coordinate system were also obtained. As known, the polar coordinate
system is a two-dimensional coordinate system used to describe the locations of points.
In this system, points are determined by their distances from a central point called the
“pole” and an angle measured clockwise from the pole. As shown in Figure 9, the findings
were explained with an example output. In the polar coordinate system given, the point
participants were instructed to focus on is considered the pole, and there was a deviation
of 65 px at an angle of 194.96◦ in the eye-tracking tests. The degree of focal shift was
calculated using the angular values of the focal shift vectors. When calculating the angular
value of the deviation vectors, a conversion from the polar system to the coordinate system
was performed.

The research findings were analyzed based on the position and type of the lighting, av-
erage values were calculated, and the mixed data (data of natural and artificial illumination)
were evaluated in the tables below.

When artificial lighting is evaluated, it can be observed in Table 1 that center light-
ing had a lesser displacement distance compared to left and right lighting consecutively.
Concerning the angle of displacement, in artificial lighting, center lighting differed from
the left and right lighting. While left and right illuminations exhibited similar angles of
displacement in a similar direction, center illumination had an average displacement angle
of 85.64◦.

When natural lighting is evaluated, it can be observed in Table 2 that center lighting
had a lesser displacement distance compared to left and right illumination consecutively,
mirroring the pattern observed with artificial lighting. Concerning the angle of displace-
ment, no significant correlation was found among center, left, and right lighting. All
displacement angles were shifting independently in different directions.
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Table 1. Data on the displacement distance and angle at focal points according to the artificial
lighting position.

Artificial Lighting
From Left

Artificial Lighting
From Center

Artificial Lighting
From Right

Focal Points
Displacement

Distance of
Focal Point (px)

Angels of
Displacement

(◦)

Displacement
Distance of
Focal Point

(px)

Angels of
Displacement

(◦)

Displacement
Distance of
Focal Point

(px)

Angels of
Displacement

(◦)

Center 65.4 180.63 118.02 92.68 18.24 138.75
Top-left 105.1 211.14 162.17 113.5 400.67 218.77
Top-right 130.41 128.76 41.06 154.14 236.15 61.08
Bottom-left 116.77 208.86 139.66 359.84 208.67 80.74
Bottom-right 395.02 161.56 81.6 91.16 134.84 182.04

Mean Scores 162.54 177.29 108.50 85.64 199.71 151.64

Table 2. Data on the displacement distance and angle at focal points according to the natural
lighting position.

Natural Lighting
From Left

Natural Lighting
From Center

Natural Lighting
From Right

Focal Points
Displacement

Distance of
Focal Point (px)

Angels of
Displacement

(◦)

Displacement
Distance of
Focal Point

(px)

Angels of
Displacement

(◦)

Displacement
Distance of
Focal Point

(px)

Angels of
Displacement

(◦)

Center 139.02 35.19 127.16 228.22 134.78 81.48
Top-left 31.03 67.36 17.42 300.42 182.34 40.58
Top-right 89.07 23.77 69.56 318.38 133.12 228.22
Bottom-left 129.7 207.88 51.05 359.09 96.42 7.11
Bottom-right 314.84 168.63 105.02 209.24 165.28 229.94

Mean Scores 140.73 145.96 74.04 242.72 142.39 32.00
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The calculated average focal displacement angle, obtained by taking the angular values
of the focal displacement vectors’ result, revealed a difference of 44.13 degrees between
natural and artificial lighting. When analyzing all data regardless of the position and type
of lighting, an average focal displacement angle of 150.36 degrees was reached. This value
was particularly significant for studies where lighting is not controlled (Table 3).

Table 3. Focal displacement angles for artificial, natural, and mixed lighting types.

The Type of Lighting Average Focal Displacement Angle (◦)

Natural Lighting 186.18
Artificial Lighting 142.05
Mixed Lighting 150.36

Table 4 presents the displacement distances based on focal points for different lighting
types. The table examines the displacement distances for natural and artificial lighting,
regardless of the position. Different degrees of displacement were observed in the corners
and center points of the screen based on the lighting type. However, no significant similarity
was found between the two lighting types and focal points. When examining the average
displacement distance, it was found that measurements taken with natural lighting were
24% more efficient than those taken with artificial lighting.

Table 4. Displacement distances for artificial and natural lighting types from focal points.

Focal Points Artificial Lighting Displacement
Distance of Focal Point (px)

Natural Lighting Displacement
Distance of Focal Point (px)

Center 67.22 133.65
Top-left 222.65 76.93
Top-right 135.87 97.25
Bottom-left 155.03 92.39
Bottom-right 203.82 195.05

Mean Score (px) 156.92 119.05

One of the key features of webcam-based tests is that they can be conducted online.
In cases where eye-tracking tests are conducted online, the type and position of lighting
cannot be controlled, making mixed results of significant importance. Therefore, Table 5
was created using data from all lighting types and positions. In measurements conducted in
an area of 2016 × 2016 px, a focal displacement distance of 137.99 px was determined. This
indicates that the focus experienced a displacement of approximately 6.84%, specifically in
online webcam-based research.

Table 5. Displacement distances for all types of light and positions from focal points.

Focal Points Displacement Distance of Focal Point (px)

Center 100.44
Top-left 149.79
Top-right 116.56
Bottom-left 123.71
Bottom-right 199.43

Mean Score (px) 137.99

6. Discussion

The research concluded that in web camera-based eye-tracking studies, the type and
location of lighting are of high importance in the context of e-commerce interfaces. The
findings indicate that even the lowest level of displacement, which was 17.42 pixels in the
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study, can lead to misinterpretations due to the information density and complexity of e-
commerce interfaces. For example, in heatmaps, it might be observed that users are focusing
on the product name, but in reality, participants may be looking at the number of comments.
Regarding RQ1, differences were observed in eye-tracking findings between artificial and
natural lighting conditions. When evaluated in terms of displacement, considering all
positions of lighting, it was determined that natural lighting outperformed artificial lighting.
It is believed that this is due to natural lighting having a more homogeneous distribution
compared to artificial lighting. Regarding RQ2, significant differences were observed in
eye-tracking findings based on the direction of lighting. Based on the findings and analyses,
regardless of the type of lighting, it was observed that when illumination was provided
from the center, the displacement decreased. It was concluded that web camera-based
eye-tracking tests conducted with central illumination yielded higher efficiency compared
to other lighting directions. It is recommended that all eye-tracking research using web
camera-based eye-tracking technology, especially in the field of e-commerce interfaces,
should be conducted with natural lighting from the center to achieve high success. With
today’s web camera-based eye-tracking technology, it is possible to conduct basic-level
tests. However, for tests with high information density and closely located elements, it
is essential to consider displacement amounts and angles for accurate results. Otherwise,
it has been found that the analyses conducted may not achieve high-performance results
when collecting data on a complex visual element. Web camera-based eye tracking is a
promising technology. The research has identified and demonstrated through detailed
statistical analyses that the position and type of lighting are highly important parameters.
This article acknowledges various limitations that need to be noted. Firstly, the research
was limited to participants who do not wear glasses and use contact lenses. Additionally,
the specifications of the equipment used in the created laboratory environment, such as
the camera, softbox, and CFL, constitute another limitation of the study. Lastly, as the
final limitation of the study, the lighting was conducted from the right, center, and left,
without including other angles. The researchers are recommended to continue the research
by expanding its scope. Due to the use of artificial lighting with various color temperatures
by users, new studies should investigate how color temperature affects web camera-based
eye-tracking measurements. Additionally, repeating the experiment with increased angles
of lighting, which was one of the limitations of the research, could contribute to making the
study more comprehensive.
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billboardlarının analizi. İşletme Araştırmaları Derg. 2023, 15, 2113–2125.
53. Just, M.A.; Carpenter, P.A. A theory of reading: From eye fixations to comprehension. Psychol. Rev. 1980, 87, 329–354. [CrossRef]
54. Aldayel, M.; Ykhlef, M.; Al-Nafjan, A. Deep learning for EEG based preference classification in neuromarketing. Appl. Sci. 2020,

10, 1525. [CrossRef]
55. Hammou, K.; Galib, M.H.; Melloul, J. The contributions of neuromarketing in marketing research. J. Manag. Res. 2013, 5, 20–23.
56. Yüksel, D. Marka yönetiminde renk seçimi: Renk kümeleme modeli. Bus. Econ. Res. J. 2023, 14, 433–444. [CrossRef]
57. Hsiao, M.-H. Shopping mode choice: Physical store shopping versus e-shopping. Transp. Res. E Logist. Transp. 2009, 45, 86–95.

[CrossRef]
58. Xi, G.; Zhen, F.; Cao, X.; Xu, F. The interaction between e-shopping and store shopping: Empirical evidence from Nanjing, China.

Transp. Lett. 2018, 12, 157–165. [CrossRef]
59. Colaço, R.; de Abreu e Silva, J. Exploring the interactions between online shopping, in-store shopping, and weekly travel behavior

using a 7-day shopping survey in Lisbon, Portugal. Transp. Res. Rec. 2021, 2675, 379–390. [CrossRef]
60. Spence, C.; Puccinelli, N.M.; Grewal, D.; Roggeveen, A.L. Store atmospherics: A multisensory perspective. Psychol Mark. 2014, 31,

472–488. [CrossRef]
61. Baker, J.; Grewal, D.; Parasuraman, A. The influence of store environment on quality inferences and store image. J. Acad. Mark.

Sci. 1994, 22, 328–339. [CrossRef]
62. Manganari, E.E.; Siomkos, G.J.; Vrechopoulos, A.P. Store atmosphere in web retailing. Eur. J. Mark. 2009, 43, 1140–1153. [CrossRef]
63. Demangeot, C.; Broderick, A.J. Conceptualising consumer behaviour in online shopping environments. Int. J. Retail Distrib.

Manag. 2017, 35, 878–894. [CrossRef]
64. Wiederhold, B.K. Connecting through technology during the coronavirus disease 2019 pandemic: Avoiding “Zoom Fatigue”.

Cyberpsychol. Behav. Soc. Netw. 2020, 23, 437–438. [CrossRef]
65. Nichifor, E.; Lixăndroiu, R.C.; Chit,u, I.B.; Brătucu, G.; Sumedrea, S.; Maican, C.I.; Tecău, A.S. Eye tracking and an a/b split test

for social media marketing optimisation: The connection between the user profile and ad creative components. J. Theor. Appl.
Electron. Commer. Res. 2021, 16, 2319–2340. [CrossRef]

66. Najjar, L.J. Advances in E-commerce User Interface Design. Human Interface and the Management of Information: Information
and Interaction Design. In Proceedings of the Symposium on Human Interface, Las Vegas, NV, USA, 21–26 July 2013; Springer:
Berlin/Heidelberg, Germany, 2011; pp. 292–300.

67. Top Websites Ranking. Available online: https://www.similarweb.com/top-websites/e-commerce-and-shopping/ (accessed on
20 June 2023).

https://doi.org/10.1016/S1369-8478(02)00014-1
https://doi.org/10.20965/jaciii.2011.p1039
https://doi.org/10.1080/1743727X.2018.1496415
https://doi.org/10.1016/j.joep.2013.02.011
https://doi.org/10.1088/1742-6596/1802/4/042066
https://doi.org/10.3758/s13428-017-0913-7
https://doi.org/10.3758/s13428-013-0422-2
https://www.ncbi.nlm.nih.gov/pubmed/24258321
https://doi.org/10.1109/MPRV.2010.86
https://doi.org/10.1037/0033-295X.87.4.329
https://doi.org/10.3390/app10041525
https://doi.org/10.20409/berj.2023.424
https://doi.org/10.1016/j.tre.2008.06.002
https://doi.org/10.1080/19427867.2018.1546797
https://doi.org/10.1177/0361198121990672
https://doi.org/10.1002/mar.20709
https://doi.org/10.1177/0092070394224002
https://doi.org/10.1108/03090560910976401
https://doi.org/10.1108/09590550710828218
https://doi.org/10.1089/cyber.2020.29188.bkw
https://doi.org/10.3390/jtaer16060128
https://www.similarweb.com/top-websites/e-commerce-and-shopping/


J. Theor. Appl. Electron. Commer. Res. 2023, 18 2106

68. Abdrabou, Y.; Karypidou, E.; Alt, F.; Hassib, M. Investigating User Behaviour Towards Fake News on Social Media Using Gaze
and Mouse Movements. In Proceedings of the Usable Security Mini Conference, Copenhagen, Denmark, 16–17 October 2023.

69. Kumar, J.A.; Ibrahim, N.; McEvoy, D.; Sehsu, J. Anthropomorphised learning contents: Investigating learning outcomes, epistemic
emotions and gaze behaviour. Educ. Inf. Technol. 2023, 28, 7877–7897. [CrossRef]

70. Adams, A.L. UX resources. Public Serv. Q. 2023, 19, 38–45. [CrossRef]
71. Othman, Y.; Khalaf, M.; Ragab, A.; Salaheldin, A.; Ayman, R.; Sharaf, N. Eye-To-Eye: Towards Visualizing Eye Gaze Data. In

Proceedings of the 2020 24th International Conference Information Visualisation, Melbourne, Australia, 7–11 September 2020;
pp. 729–733.

72. Giraldo-Romero, Y.I.; Pérez-de-los-Cobos-Agüero, C.; Muñoz-Leiva, F.; Higueras-Castillo, E.; Liébana-Cabanillas, F. Influence
of regulatory fit theory on persuasion from google ads: An eye tracking study. J. Theor. Appl. Electron. Commer. Res. 2021, 16,
1165–1185. [CrossRef]
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