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Abstract: Online retailers are challenged to present their products in an appropriate way to attract
customers’ attention. To test the impact of product presentation features on customers’ visual attention, webcam eye tracking might be an alternative to infrared eye tracking, especially in situations
where face-to-face contact is difficult. The aim of this study was to examine whether webcam eye
tracking is suitable for investigating the influence of certain exogenous factors on customers’ visual
attention when visiting online clothing shops. For this purpose, screenshots of two websites of two
well-known online clothing retailers were used as stimuli. Linear regression analyses were conducted
to determine the influence of the spatial position and the presence of a human model on the percentage of participants visiting a product depiction. The results show that products presented by human
models and located in the upper middle area of a website were visited by more participants. From
this, we were able to derive recommendations for optimising product presentation in online clothing
shops. Our results fit well with those of other studies on visual attention conducted with infrared
eye tracking, suggesting that webcam eye tracking could be an alternative to infrared eye tracking, at
least for similar research questions.
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Trading of goods and services via the internet is growing continuously. In Europe,
B2C e-commerce turnover has increased from EUR 279.3 billion in 2013 to EUR 636 billion
in 2019 [1]. The COVID-19 pandemic has reinforced this this trend, by increasing the
frequency of online purchases and by affecting the structure of online customers, with a
growing proportion of older people using the internet for purchases as well [2]. However,
not only customers have changed their purchasing behaviour in favour of e-commerce,
but the retail sector has also responded to the amended conditions. Due to the pandemicrelated restrictions on access to shops, stationary retailers started selling their products
online or extended their existing online business [3], and many of them intend to expand
their online activities in the future. This puts these companies in direct competition with
pure online retailers, who have years of experience with web presence and are constantly
developing their online shops [4]. In order to survive this strong competition, it is necessary
to understand the behaviour of online customers and to use this knowledge to improve the
attractiveness of one’s own online shop [5].
In this context, the customers’ gaze behaviour is of particular importance, since visual
attention is often a prerequisite to subsequent processes which lead customers to purchase
a product [5–7]. Usually, infrared eye tracking systems in a laboratory setting are applied
to monitor visual attention. However, technological advances have led to the development
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of eye tracking systems that require only a webcam and software to record gaze behaviour
and thus are not bound to laboratories and specific eye tracking devices. Although webcam
eye tracking is considered a promising method that has the potential to transform usability
and market research [8], only an extremely limited number of scientific studies exist that
employed this method. These studies provide initial evidence that webcam eye tracking
might be an alternative to infrared eye tracking, but without any specific reference to
market research questions [8,9].
With this study, we contribute to the literature by applying webcam eye tracking to a
specific market research question. The aim is to investigate the simultaneous influence of
different design elements of an online shop on the visual attention of potential customers
and, based on the results, to assess whether webcam eye tracking could be suitable for
this kind of research. We focus on the clothing retail sector as an example, since clothing
belongs to the top-selling product groups online, accounting for more than a quarter on the
B2C e-commerce turnover in Germany in 2020 [10]. Taking websites of two well-known
online clothing retailers, three design-related (exogenous) factors that might influence
customers’ visual attention on these websites are investigated:

•
•
•

Horizontal position of the product on the online shop’s website;
Vertical position of the product on the online shop’s website;
Product picture displaying the clothes worn by a person vs. product picture displaying
only the clothes.

Although the above exogenous factors have been shown to have an impact on visual
attention during website visits, to the best of our knowledge there has not yet been a
study that examines the impact of all three factors on visual attention during an online
shopping task simultaneously, nor has there been a study doing this using webcam eye
tracking. In this paper, we close this research gap by analysing the visual attention of
20 potential customers to products in online clothing shops via webcam eye tracking.
Statistical analysis shows that the spatial position and the presentation of the clothes
by a human model influenced visual attention in a way that is largely consistent with
the existing literature, suggesting that webcam eye tracking could be a suitable tool for
capturing visual attention.
2. Literature Review
There are a variety of techniques for monitoring human–computer interactions while
visiting a website. On the server site, sever logs can be collected. On the client site,
user behaviour can be monitored in more detail with mouse and event tracking. Mouse
clicks and moves, scrolling, keyboard inputs or selecting, copying or printing content
can be recorded and analysed [11]. Applications such as the e-commerce preference
monitoring (ECPM) behaviour-tracking tool allow capturing a spectrum of online customer
activities [12]. However, to obtain information about the website user’s visual attention,
eye tracking is an essential tool [13].
Traditionally, eye tracking devices based on infrared technology are used, either
in the form of eye tracking glasses or remote eye trackers. They enable non-invasive
eye movement recording under largely natural conditions with high precision and at
manageable costs [14]. Besides applications, e.g., in medicine, psychology, learning, and
reading research [15–17], eye tracking is widely used in marketing and user experience
research [8,14]. However, the use of traditional eye trackers requires participants to visit
an eye tracking laboratory [9] or researchers to visit participants to take the eye tracking
recordings, resulting in time and travel costs and requiring organisational preparation [8].
In addition, the researchers have to handle the eye tracking devices and supervise each
participant from the beginning to the end of an experiment, as they must at least start and
stop the eye tracking recording. They also have to educate participants about potential
(admittedly extremely rare) health impairments that might be triggered by the infrared
eye tracking devices [18]. Another issue that emerged with the COVID-19 pandemic
outbreak are pandemic-related recommendations and orders to avoid physical contacts.
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This, of course, also hinders eye tracking studies that require face-to-face contact between
researchers and participants.
An alternative to overcome the financial, logistical, and organisational challenges
might be webcam-based eye tracking. The technology does not require any specific eye
tracking equipment, only a webcam and software, which gives researchers access to a large
number of potential participants who would be otherwise too far away [8]. Nowadays,
a webcam is often already integrated into computer or laptop screens, so participants
can take part in a webcam eye tracking study from home using their own equipment
and without having to interact with a researcher face-to-face, avoiding health risks from
infrared light and infection risks in times of a pandemic. However, existing webcam eye
tracking solutions suffer from lower accuracy of the eye tracking data compared with
traditional eye trackers [8,19]. In addition, it is questionable if each participant can ensure
optimal and reproducible experimental conditions, e.g., with regard to the quality of the
webcam, the incidence of light on the camera and eyes, or the appropriate distance to the
computer screen, without a researcher supervising the experimental procedure. Thus, the
online approach raises some questions about the validity of the experimental process [9,19].
Despite these challenges, webcam eye tracking is considered by various authors to be a
promising technology for the future. This applies in particular to studies that primarily
aim to determine which elements attract user’s visual attention on a website, as long as
extremely high accuracy is not required, e.g., if the elements are large enough and have
sufficient distance from each other [8,9,20].
Visual attention is driven both by endogenous or top-down factors such as an individual’s goals, preferences, expectations, task, cognitive load and mood and by exogenous or
bottom-up factors that are beyond the individual’s control such as visual salience, surface
size or position of an object [7,21,22]. Which factors dominate in guiding visual attention
are controversially discussed. While some studies suggest that endogenous factors have a
stronger influence, others point to the decisive importance of exogenous factors [7,22–24].
Regardless of this discussion, however, it is clear that endogenous factors of potential
customers can hardly be controlled by e-commerce retailers, but they can indeed control
exogenous factors in relation to their own online shop. Knowing in which way these
exogenous factors are associated with visual attention of customers visiting an online shop
could help to optimise visual aspects of the shop or the presentation of its products.
Position effects of objects on visual attention has already been studied both in virtual
and in real environments using traditional eye tracking (e.g., [7,22,25,26]). In horizontal
orientation, higher visual attention is paid to the centrally located option, e.g., the centrally
located item within a product category in a virtual supermarket shelf or within a website
scene [25]. Bindemann [27] describes a scene and screen centre bias when visual stimuli are
presented on a computer screen. However, Espigares-Jurado et al. [26] report that pictures
placed in the upper area of a hotel booking website capture more visual attention than
the same pictures when positioned farther away from the top of the website. Analysing
viewport (the part of a webpage that is visible at any given time to a user) data, Lagun and
Lalmas [28] demonstrate that participants pay considerably more attention to upper parts
of a website than to lower parts when reading online news. Sulikowski et al. [13] describe
positions effects on visual attention within recommendation interfaces of e-commerce
websites, with the upper positions of a vertical layout and the middle positions of a
horizontal layout receiving more visual attention.
Wang et al. [29], who investigated the effect of incorporating human images into
B2C websites on visual attention using traditional eye tracking, conclude that the effect
of human images on gaze behaviour depends on the type of product. On websites selling
entertainment products such as clothing, human images attract more visual attention,
but not on websites selling utilitarian products [29]. Boardman and McCormick [30]
report similar findings: models are the product presentation feature which most strongly
influences visual attention on websites selling clothing.
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3. Materials and Methods
3.1. Participants
The study was conducted in June 2021 as practical part of a master course in Behavioural and Neuroeconomics at the South Westphalia University of Applied Sciences.
All participants were recruited by the students of the course among their relatives, friends,
and acquaintances and were not financially rewarded for their participation. Before participating in the study, all subjects were provided with background information about
the experiment and privacy policy and gave their informed consent to the procedure. All
subjects participated from home.
A total of twenty-six participants were recruited, with two participants dropping out of
the study due to technical problems. Four additional subjects were excluded from analysis
due to inadequate tracking of gaze behaviour (eye tracking quota < 70%), resulting in data
from twenty participants being available for analysis. Of these remaining participants, 45%
were female and 50% were male. The mean age was 35.3 (SD 13.2) years. One participant
preferred not to provide gender and age.
3.2. Software and Hardware
The cloud-based software EYEVIDO Lab was employed to set up and run the experiment. The software enables collaborative online creation and analysis of screen-based eye
tracking studies and offers additional features such as embedding questionnaire elements.
The software’s cloud architecture also allows simultaneous online data collection from
multiple participants. The typical workflow of a cloud eye tracking study with EYEVIDO
Lab is outlined in the following. First, a study is created in the web portal, i.e., the stimuli
and accompanying questions, if any, are entered, and the areas of interest (AOIs) are set
according to the hypotheses. Subsequently, the study is launched. The participants take
part in the study via the recording tool (tester software), which must be downloaded to the
participants’ computer beforehand. The tester software identifies the eye movements of the
participants, stores all inputs, records the screen content, and transmits all data encrypted
to the server of the EYEVIDO GmbH via the internet. This means that participation can take
place from any location, as long as an Internet connection is available. The investigator can
view and analyse the results at any time in the web portal and export reports in CSV format.
Reports can be generated for each individual participant as well as across participants. The
reports contain numerical information based on fixations within the defined AOIs, such
as number and percentage of fixations, fixation duration or number of visits within an
AOI. The across-participant report additionally shows the number of participants who
had at least one fixation within an AOI. Visualisations (heatmaps, gazeplots) can also be
generated and exported [31].
The software can be used in conjunction with both infrared eye trackers and webcams [31]. Since our goal was to address the question of whether webcam eye tracking
could be suitable for analysing users’ visual attention while visiting online shops, we
used only the webcam function in this study for tracking the participants’ gaze behaviour.
All participants used their own equipment, i.e., their own computers and webcams, for
participating in the study.
3.3. Stimuli and Task
Two screenshots, each taken from a website of well-known online retailers, served as
stimuli. The product category was narrowed down to the single product category T-shirts
in order to exclude effects that could arise from searching for specific items of clothing
(e.g., trousers, blouses). The product category T-shirts was chosen because T-shirts are a
ubiquitous clothing item worn by a large number of people of many age groups.
When selecting the online shops for the screenshots, care was taken that they would
allow analysing the factors expected to influence visual attention, i.e., spatial location and
the inclusion of human images. In both online shops, product depictions were arranged in
a table-like manner with three columns and multiple rows (online shop A 16 rows; online
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All statistical analyses were realised with the software STATA, version 16 [35].
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The assessments of the visual aesthetics of the two online shops were compared using
the Wilcoxon signed rank test. The test was applied to compare each facet of the VisAWI-S
and the overall mean (i.e., the mean value calculated from all facets) between the shops.
Linear regression analysis was used to estimate separately for each online shop the
influence of the exogenous factors vertical position (row; continuous variable), horizontal
position (three categories: left/middle/right), and presentation of a human model (two categories: yes/no) on the percentage of participants who visited the defined AOIs, i.e., the
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looked at product depictions in the right column compared with the left column. In online
5. Discussion
Using webcam eye tracking, this research examined the influence of horizontal and
vertical position and the inclusion of human models in product depictions on visual
attention during an online shopping task. The results met our expectations and were
largely in line with existing literature.
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The visual aesthetics of both online stores was rated as high with a median of 5 for
all four facets of the VisAWI-S. According to [33], a score higher than 4.5 on the Visual
Aesthetics of Websites Inventory is associated with an overall good impression of a website.
No significant differences were found between the stores, so that differences in gaze
behaviour between online shop A and B that might be attributed to visual aesthetics can be
largely excluded.
The results of the linear regression analyses suggest that the three exogenous factors
included in the analyses drove visual attention in a similar way in both online shops.
Product depictions placed higher up on the website, located in the middle row, and
containing a human model were visited by more participants.
A similar influence of the vertical position of an item on a website as in our study is
described by several authors. Eye tracking results of Espigares-Jurado et al. [26] as well as
viewport and eye tracking data of Lagun and Lalmas [28] indicate that upper parts of a
website receive more attention than lower parts. Shrestha and Lenz [37] point out that web
page sections of an online shop that are visible when the website is accessed receive more
visual attention than sections that are only visible by scrolling down. Chen and Pu [38]
compared gaze patterns across three online stores with differently designed websites. Their
eye tracking data clearly show that the further down a product depiction is located on a
website, the less visual attention it receives, with this effect being considerably stronger for
a pure list layout. A more structured layout, where product depictions are grouped into
categories and the website is thus divided into several sections, increases visual attention
in the lower sections [38].
Higher visual attention to the centre of the scene has been repeatedly reported
(e.g., [6,27,39]). This spatial bias is believed to have physiological causes related to the
oculomotor system [39]. However, research by Chen and Pu [38] shows that when products
in an online store are presented in a list layout (i.e., one product per row) or with two
columns, this tendency towards the centre does not emerge as clearly. Then, the spatial
bias is shifted to the upper left areas of the list or of each column [38].
The effect of human models attracting visual attention observed in our study matches
findings of other studies examining gaze behaviour on e-commerce websites offering
clothing. Research by Menon et al. [40] and Boardman and McCormick [30] show that
product depictions of clothing worn by human models receive more visual attention than
product depictions with clothing presented on torso mannequins. This means that online
shoppers are visually stimulated by model images [30], at least when the model is of
high visual appeal; that is, if it fits well with the product to be sold [41]. The clothes
displayed on a human model help consumers to assess the shape and the fit better than on
a torso mannequin, which may evoke positive emotional responses and support customers’
decision making [30,42]. In addition, it can increase purchase intention [43]. Whether or not
the models’ heads are shown seems to be of secondary importance in this context [43,44].
Research by Lindström et al. [44], contrasting realistic mannequins with and without heads,
shows that while in physical stores mannequins with heads increase purchase intention
and help customers to better evaluate the clothing presented, the style of the mannequin
has no influence when products are presented in an online store.
A few recommendations can be derived from the above. First, online retailers selling
clothing should consider position effects when presenting their products. Depending
on the objective, online retailers have several options: Since both horizontal and vertical
position affect visual attention, they might consider changing the positions [45], i.e., the row
and the column, of product depictions periodically if they want to promote all products
equally. Clothing that needs to be particularly promoted could be placed in areas that
receive the most visual attention, that is, in the upper middle parts of a website. It might
also be useful to arrange product depictions in only two columns to reduce a bias to the
centre, and categorize them to direct more visual attention to the lower parts of a website
(cf. [38]).
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Second, online retailers should bear in mind that presenting clothing on human models
can increase customers’ visual attention. If the goal is to promote sales of certain products,
these products should be presented by human models, not just by torso mannequins. If no
product should be highlighted, then all products should be presented in the same way. In
this respect, it could be a competitive advantage over other online retailers if all clothing
items are presented on models, as this form of presentation makes it easier for customers to
assess the fit and to make a purchase decision [30]. Whether realistic mannequins achieve
the same effect in terms of directing visual attention as human models was not investigated
in this study.
Our findings could also help (private) sellers of second hand clothing. Here, too, it
could be beneficial to present the clothing items on human models instead of on a hanger or
lying flat. Possibly, this could help to encourage more people to buy second-hand clothes,
which would be desirable for sustainability reasons.
Finally, online retailers might consider using webcam eye tracking to test the impact
of different modes of product presentation on customers’ visual attention. The impact
of exogenous factors on visual attention observed in our study is largely consistent with
existing literature. Therefore, our study confirms the findings of Burton et al. [8] that
webcam eye tracking seems suitable for marketing and usability research that aim to
determine where the user’s visual attention is drawn, provided the stimulus is of reasonable
size and the number of participants is sufficient to compensate for losses due to low eye
tracking quotas. Webcam eye tracking could be particularly advantageous when face-toface contacts are not possible or should be avoided (e.g., in pandemic situations) or in case
arranging face-to-face contacts would cause prohibitive costs. Webcam eye tracking could
have the potential to facilitate cross-country comparative eye tracking studies since it is
neither bound to a specific (expensive) device, nor to a laboratory, nor to physical contact
between researchers and participants.
Limitations and Further Research
This study has some limitations which need to be discussed and could serve as a basis
for further research. First, our judgement of webcam eye tracking being a suitable tool is
based on the observation that our data recorded with the software EYEVIDO Lab are in
line with results obtained with infrared eye tracking by other researchers. To substantiate
this statement, and to further assess the potential of webcam eye tracking, comparative
studies could be conducted with webcam and infrared eye tracking using the same stimuli
and tasks. In this context, other providers of webcam eye tracking software could also
be included.
In further studies, various factors potentially influencing gaze behaviour could be
manipulated in an experimental setting. Thus, it could be investigated how the aspects
mentioned in the discussion, e.g., changing positions or different partitioning of the website,
influence visual attention. In addition, other conditions could be changed, such as exposure
times or task. Considering participant characteristics such as age, gender, or attitudes in
the statistical analyses could further contribute to explain differences in visual attention.
Product depictions should be characterised not only by showing a human model or
not but also by the number of product variants. In product depictions with human models,
in most cases only one product variant is shown, which is worn by the human model. In
other product depictions, more than one product variant is shown. Including the number
of variants shown in a specific product depiction as an additional independent variable
might be a useful estimation strategy to separate these two effects.
The differentiation of product depictions into two categories with vs. without human
models may mask more details of the role of the human model: How important is the
display of the face of the human model? How important is the sex of the human model?
How important is the physical attractiveness of the human model? Are real humans
necessary to achieve more visual attention or might realistic mannequins have the same
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effect? The later might be relevant if participants are especially interested to see how the
clothing fits with body shape.
Our study does not allow inferring from the participants’ gaze behaviour their choice
of clothing or their purchase behaviour. A high number of participants visiting an AOI
might not correspond to purchase intention or real purchase behaviour. Future studies
should test for these relationships. For this purpose, it might be interesting to integrate the
experiment in a real-life online shopping experiment in which visitors of an online shop
are asked to participate in the experiment.
Finally, even though any influence by artificial laboratory conditions or the presence of
a researcher on gaze behaviour was excluded by our study approach, neither the behaviour
of the participants during study participation (e.g., appropriate distance to the webcam;
avoiding head movements) nor the adequacy of their equipment could be controlled. This
might have negatively affected the eye tracking recordings and thus the results of this
study. Better control over the general conditions could be achieved if webcam eye tracking
studies were conducted in the laboratory or in the field in the presence of a researcher.
However, this would eclipse the described advantages of webcam eye tracking in terms of
spatiotemporal and personal independence.
6. Conclusions
This study shows that webcam eye tracking could be an alternative to eye tracking studies conducted with infrared eye trackers for investigating the impact of specific
exogenous factors on visual attention in an online shopping environment. It could be
demonstrated that the horizontal and vertical position of a product depiction as well as the
presence of a human model for presenting the clothing items had an influence on visual
attention. Products positioned higher up on the website, horizontally in the middle position, and worn by a model received greater visual attention. From these findings, specific
recommendations could be derived for online clothing retailers regarding the presentation
of their products in online stores. Further research is needed to validate the results of
this study. In particular, follow-up studies should include both webcam and infrared eye
tracking for a more comprehensive assessment of the advantages and disadvantages of
webcam eye tracking compared with infrared eye tracking.
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