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Abstract—In an era when everything is increasingly digital,
consumers are always looking for new options in solutions to their
everyday needs. In this context, mobile apps are developing at an
exponential pace. One of the fastest growing segments of mobile
technologies is, obviously, e-commerce. It can be predicted that mobile
commerce will record nearly three times the global growth of e-
commerce across all platforms, which indicates its importance in the
given segment. The current coronavirus pandemic is also changing
many of the existing paradigms both socially, economically, and
technologically, which has a major impact on changing consumer
behavior and the emphasis on simplification and clarity of mobile
solutions. This is the area that User Experience (UX) and User
Interface (UI) designers deal with. Their task is to design a sufficiently
attractive and interesting solution that will be available on all mobile
devices and at the same time will be easy enough for the
customer/visitor to get to the destination or to get the necessary
information in a few clicks. The basis for changes in UX design can
now be obtained not only through online analytical tools, but also
through neuromarketing, especially in the case of mobile devices. The
paper highlights possibilities for testing UX design applications on
mobile devices using a special platform that combines a stationary eye
camera (eye tracking) and facial analysis (facial coding).

Keywords—Emotions, mobile design, user experience, visual
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1. INTRODUCTION

UE to the number of commercial applications available for

smart phones and tablets, its popularity is becoming more
and more significant. In terms of development, Asian markets
have seen a very strong 240% growth in their mobile e-
commerce over the past year, which was six times more than
the growth rate in the United States. European markets
experienced a 71% growth over the previous year, indicating
that visitors are increasingly accessing these technologies and
are buying from their mobile devices still more often [1]. In
Slovakia, 3.5 million people (76%) aged between 12 and 79
years were online in 2020. Most people still access websites via
a computer (2.7 million users), mobile devices as a platform for
tracking the pages of online stores are used by 2.3 million
people and the lowest number of visits is through tablets (1
million) [2]. Thus, in the long term, it can be seen that online
shopping is very popular among Slovaks, and timely also as a
response to the COVID-19 pandemic, as consequence of which
an increasing trend is to extend e-shops to brick-and-mortar
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establishments. And this is where customized UX solutions
tailored to the client's specific requirements can play a key role.

II. THEORETICAL BACKGROUND

The term e-commerce has been defined by several authors,
but all of them are presenting it in a slightly different way. We
can consider e-commerce a modern business methodology
which is efficient when used to target the needs of not only
organizations and businesses, but consumers as well. Its aim is
to cut costs and at the same time to ensure improving the quality
of goods and services offered as well as increasing the speed of
service delivery, by using the internet [3]. According to [4], e-
Commerce is perceived as a part of eBusiness that includes the
act of selling products and services on the internet. Another
point of view is focused on commodity exchanges by electronic
means, the internet in particular, by companies, factories,
enterprises, industrial undertakings and consumers [5]. E-
commerce can be seen also as business over the internet, where
we are able to sell goods and services delivered offline as well
as products which can be ‘digitized’ and delivered online [6].
However, the definition of e-commerce should not be primarily
associated with the activity of buying and selling goods, but
should also include activities such as pulling and pushing of
information, e.g. content delivery on a website. This activity
may not provide direct monetary value, but can offer indirect
commercial benefits, such as potentially increasing sales or
providing savings on operational costs [7]. Wider range of e-
commerce activities include also shopping, banking or
investing [8]. Some of these e-commerce activities can also be
achieved via internet enabled mobile devices which opens up
the opinion that e-commerce and m-commerce share certain
similarities [9]. In m-commerce, we are talking about mobile
devices being paired with commercial transactions, which
enables providing consumers the opportunity to carry out
transactions by using wireless internet enabled devices or even
personal digital assistant (PDA) [10], [11]. M-commerce is
defined also as “any direct or indirect transaction with a
potential monetary value via wireless telecommunication
networks” [12]. Other authors agree that m-commerce activities
involve business transactions conducted over mobile devices
for the purpose of gaining monetary value, e.g. product and
service ordering, e-auctions [10], [13], [14]. In contrast, [12]
and [15] posit that m-commerce includes a wider range of
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activities such as sending and receiving emails, downloading
music/graphics/animations, playing interactive games online,
trading stocks, booking tickets, finding friends, and conducting
financial and business transactions. Key features of m-
commerce include ubiquity, immediacy, localization, instant
connectivity, pro-active functionality and simple authentication
procedure [16], [17], but also features such as comfort,
spontaneity and mobility [18]. However, mobile devices pose a
challenge regarding usability and perceivable Ul to ensure
consumer’s experience [19]. The UI is part of the computing
system used for interacting with users [20], but in e-commerce
and m-commerce it focuses on the elements provided on web
pages in order to support navigation and information
acquisition. A well-developed UI is essential to satisfy the
user’s functional needs as well as the effectivity level of an
information system [21] and it also plays a significant role in
influencing the user to return to using the app, brand, or product
[22]. An important aspect in m-commerce design is to focus on
the systems usability not only through UL, but also through UX
[23] and in all aspects of user interaction the UX is beyond Ul
design and usability [24]. Moreover, [25] refers to UX as the
quality of interactive technology, focusing on the human and
not on the product. UX is the effect or effects felt by a user as a
result of interaction and the usage of a system, device, or
product, including the influence of usability, usefulness, and
emotional impact during interaction which embraces seeing,
touching, and thinking about the system or product, including
admiring it and its presentation before any physical interaction
[26], [27]. Understandable UX design as a complex and
ambiguous process includes, in addition to the stages of
analysis and design, poorly formalized procedures, such as
surveys, user work monitoring, performance testing and
analysis of activity logs, focus groups, etc. [28].

UX design and the whole functionality can be verified and
tested through various methods and techniques. Users’
experience can be tested by using biometric methods that are
involving measurements of physiological responses of the body
such as eye tracking and facial analysis and not directly the
brain [29]. Eye tracking is an oculographical method that allows
to track a person’s gaze and determine its coordinates which has
been actively used for the analysis of UI and web design [30],
[31]. Eye tracking measures movements and dilated pupils
when viewing different stimuli and has also multiple use in
neuromarketing [32]. According to the data received from the
devices, a heat map is compiled — which represents a spatial
characteristic of the eye movement, reflecting the density of the
gaze fixation points [33].

To identify user feedback or support exported data from eye
tracking can help another biometrical method — facial analysis
[34]. Facial analysis is a method of measuring emotional
responses based on facial expressions recognized on a human
face by a software called FaceReader™. It detects six basic
emotions (plus neutral) in real time, emotional arousal and
valence, provides also information about the respondent’s
gender, age and ethnicity status [35].

International Scholarly and Scientific Research & Innovation 16(6) 2022

III. MATERIAL AND METHODS

The aim of the paper was to identify the UX with selected
parts of the website in the mobile device of the company
GymBeam.sk. The purpose was to identify problematic aspects
of the perception of the purchase process of the selected
consumer segment. Due to the fact that the results of online
analytics did not provide a sufficient picture of the problematic
aspects of product selection and ordering process, a qualitative
ad hoc research was conducted using neuromarketing tools. The
assignment for the 30 participants (50% men and 50% women
interested in healthy lifestyles aged 18-40) who took part in the
testing was: "Imagine you want to buy nutritional supplements.
Visit www.gymbeam.sk [36] on your mobile device and order
any number of nutritional supplements."

During the test (Fig. 1), a special platform for testing UX and
UI design in mobile devices was used. Respondents' visual
attention was monitored using a stationary eye tracking camera
(Tobii X2-30), and emotional response was also captured using
facial analysis (FA) - FaceReader 7. After the test, respondents
answered questions about their perception of the buying process
through the mobile device on a conscious level.

The survey was conducted on the 23, 24% and 27%
November 2021 in the Laboratory of Consumer Studies of FEM
SUA in Nitra.

Fig. 1 Testing the UX design of Company X

IV. RESULT AND DISCUSSION

From the results obtained through the online analytical tool
Hotjar and the qualitative research conducted using a special
platform, the perception of the GymBeam website on a mobile
device was identified. For some respondents, problematic
aspects of the ordering process itself were identified, which is
mainly related to the UX design of the website.

From the data collected through Hotjar online analytics and
eye tracking, heat maps were created and compared with each
other. In the case of eye tracking, if the requirement of 30
respondents is fulfilled this indicator is considered as a relevant
statistical indicator. Looking at the two heat maps (Fig. 2), we
can see the difference between where visitors click and what
they actually look at on the site. From the heat map through the
Hotjar tool, it can be seen that visitors immediately go to the
menu or the search box when they arrive on the homepage,
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without performing any interaction with other parts of that site.
From the heat map obtained through eye tracking, we can see
that in addition to the menu and the search box, respondents
also viewed the actual competitive advantages displayed on the
site, as well as the image of the first product. The comparison
shows that eye tracking can significantly add information about
the respondents' real visual attention when viewing the page on
a mobile device. Also, in the case of a product category, it is
possible to see a significant difference between what the visitor
views on the page and where he/she clicks. From the online
analytics results, we can see that visitors are clicking on the cart
and scrolling through the individual product images. Just as it
is not possible to see what detail they were interested in on
individual images, it is not possible to see the other details they
were interested in. In fact, in addition to the images,
respondents were also looking at the product name and
producer, as shown by the heat map obtained through eye
tracking. The different parts of the web interface that attracted
the attention of the respondents can be seen in Fig. 3. The results
show that visual attention was also attracted by the number of
reviews and the short description of the product, which can be
seen after going to the product detail.
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Fig. 2 Comparison of visual attention recorded by eye tracking and
the online analytics tool Hotjar — homepage displayed on a mobile
device

At the same time, we also decided to analyze other details
within the open specific product (protein bar). After
prescrolling below within the product category from Hotjar
analytics, we are unable to evaluate any interaction, while from
the eye tracking results it can be seen that the customer is
interested in the product description besides the name and
producer. Another aspect that visitors are interested in is the
information whether the product is in stock, which is clearly
shown below the product description. The last product detail
which the visitor usually sees is the shipping information, the
choice of the product quantity and the option to add it to the
cart, where the heat maps are very similar as this is the last
interaction before the purchase itself (see Figs. 4 and 5).
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Fig. 3 Comparison of visual attention recorded by eye tracking and
the online analytical tool Hotjar — product category 1. display on a
mobile device
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Fig. 4 Comparison of visual attention recorded by eye tracking and
the online analytical tool Hotjar — product category II. display on a
mobile device

On the last part of the open product category, there is an "add
to cart" button, see Fig. 5. In this case, it can be seen that the
button itself is a place that respondents often clicked on, but it
also caught their visual attention in a significant way, as well as
the quantity setting or the choice of packaging option.

The qualitative testing via eye camera included a guided
interview immediately after the completion of the set task.
When asked "Is there anything you didn't like about the site
displayed on your mobile device?" the majority of respondents
(18) indicated that there was nothing they did not like about
GeamBym's site on their mobile device; (4) respondents
reported a problem with intuitiveness and (3) with complexity,
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which is probably related to the process of making the order
itself. Also, (3) respondents were not satisfied with the overall
layout of the site, and (2) respondents were not satisfied with
the design of the site. The structure of the individual responses
can be seen in Fig. 6.
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Fig. 5 Comparison of visual attention recorded by eye tracking and
the online analytical tool Hotjar — product category III. display on a
mobile device
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Fig. 6 Graph visualizing responses to the question: Is there anything
you didn't like about the site displayed on your mobile device?

V.CONCLUSION

Based on the conscious feedback, we can conclude that the
GymBeam website on a mobile device fulfilled its purpose as
the majority of respondents (25) were able to correctly find the
product and add it to their shopping cart without any major
problems. The use of implicit methods suggests that some
improvements need to be made. This implies that not only
online analytics, but also innovative approaches in the form of
neuromarketing tools should be emphasized when improving
the UX and UI design of a mobile site. From the results, it is
possible to see significant differences in the data in terms of
monitoring consumer browsing behavior on a mobile device.
While online analytics on mobile provides a comprehensive
picture of where consumers click the most, heat maps point to
the places where people actually look (visual attention). Even
in some, steps when scrolling through a page viewed on a
mobile device, no data from online analytics can be seen, and
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therefore neuromarketing tools can be an effective tool for
improving the UX and UI design of a website viewed on a
mobile device. We recommend GymBeam to maintain the
quality of product images, as respondents spend the most time
looking at them and it is a significant Eye catcher, which was
confirmed in the conducted study. Another suggestion for
improvement may be to simplify the process of adding products
to the shopping cart as respondents, after adding a product to
the cart, spent time checking whether the product was actually
added to the cart and then performed this action several times,
which resulted in multiple items being added at the same time,
as confirmed by the frustration map (valence -0.075). Based on
the above, the solution could be to introduce a simple
information window after adding a product to the cart, with
information that the product has been added to the cart, which
would provide a better UX and lower frustration level. These
changes would particularly contribute to improving the user
interface (UI) but also the experience (UX). Incorporating
neuromarketing methods into mobile device site perception
testing revealed a variety of detailed consumer perception
information that is further useful in the marketing management
and communications process.

ACKNOWLEDGMENT

This research was funded by the grant KEGA 030SPU-
4/2021 “Implementation of New Technologies in the Content
Innovation of the Course "E-commerce" within the Field of
User Experience (UX) and User Interface (UI)” conducted at
the Faculty of Economics and management of the Slovak
University of Agriculture in Nitra, Slovakia.

REFERENCES

[1] S.M. Urbano Mateos, What is the role of the mobile platform in
ecommerce. Available at: https://www.actualidadecommerce.com/sk/rol-
la-plataforma-movil-ecommerce/

[2] Interactive advertising bureau Slovakia. Slovak internet traffic in 2020.
Available  at: https://www.iabslovakia.sk/iabmonitor/navstevnost-
slovenskeho-internetu-v-roku-2020/

[3] R. Goel, E-commerce. London: New Age International, 2007.

[4] B.R. Smith, V. Chatfield, O. Uemura, IBM @server iSeries e-business
handbook: A V5R1 technology and product reference. Redbooks, 2001,
380 p- Available at:
http://www.redbooks.ibm.com/redbooks/pdfs/sg246711.pdf

[5] Z. Qin, Introduction to e-commerce. Beijing: Tsinghua University Press,
2009.

[6] J. Coppel, “E-Commerce: impacts and policy challenges,” in OECD
Economics Department Working Papers, 2000, No. 252, 2000.

[71 P. Omonedo, P. Bocij, “e-commerce versus m-commerce: where is the
dividing line?,” International Journal of Economics and Management
Engineering, International Scholarly and Scientific Research &
Innovation, vol. 8, no. 11, pp. 3625-3630, 2014.

[8] M. Eastin, “Diffusion of e-commerce: an analysis of the adoption of four
e-commerce Activities,” Telematics and Informatics, vol. 19, no. 3, pp.
251-267, 2002.

[9] H. Wang, Q. Xu, “Improving m-commerce through enterprise mobility,”

in ICMECG '12: Proceedings of the 2012 International Conference on

Management of e-Commerce and e-Government, 2012 pp. 211-215.

I. Clarke III, “Emerging value propositions for m-commerce,” Journal of

Business Strategies, vol. 25, no. 2, pp. 41-57, 2008.

C. Xin, “M-commerce development and challenges facing,” in IITA

International Conference on Services Science, Management and

Engineering, 2009, pp. 229-232.

C. Xin, “Technology and challenges of m-commerce,” in International

Conference on Environmental Science and Information Application

[10]

(1]

[12]

333 1SNI:0000000091950263



Open Science Index, Social and Business Sciences Vol:16, No:6, 2022 publications.waset.org/10012585.pdf

World Academy of Science, Engineering and Technology
International Journal of Social and Business Sciences
Vol:16, No:6, 2022

Technology, 2009, pp. 518-521.

[13] W. Huang, L.Y. Qi, L.H. Dong, Dong, L.H, “Business models and
implementations of m-commerce,” in Case Studies and Future Research
Issues, 2006, pp. 3637-3640.

[14] M. Khalifa, K.N. Shen, “Drivers for transactional B2C m-commerce
adoption: extended theory of planned behavior,” Journal of Computer
Information Systems, vol. 48, no. 3, pp. 111-117, 2008.

[15] S.Y. Hung, C.Y. Ku, C.M. Chang, “Critical factors of WAP services
adoption: an empirical study,” Electronic Commerce Research and
Applications, vol. 2, no. 1, pp. 4260, 2003.

[16] X. Li, G. Autran, G., “Implementing a mobile agent platform for m-

commerce,” in 33rd Annual IEEE International Computer Software and

Applications Conference COMPSAC, 2009, pp. 40—45.

R. Tiwari, S. Buse, The mobile commerce prospects: a strategic analysis

of opportunities in the banking sector. Hamburg: Hamburg University

Press, 2007

[18] F. Buellingen, M. Woerter, “Development perspectives, firm strategies
and applications in mobile commerce,” Journal of Business Research, vol.
57, no. 12, pp. 1402—1408, 2004.

[19] S.S. Chan, X. Fang, J. Brzezinski, Y. Zhou, S. Xu, J. Lam, “Usability for
mobile commerce across multiple form factors,” Journal of Electronic
Commerce Research, vol. 3, no. 3, pp. 187199, 2002.

[20] 1. Sandhya, Suchithra, “User interface design in e-commerce website,”
Imperial Journal of Interdisciplinary Research, vol. 3, pp. 2454-1362,
2017.

[21] O.A. Supriadi, “User interface design of mobile-based commerce,” in IOP
Conference Series: Materials Science and Engineering, 2019, 662(2):
022047.

[22] V. Venkatesh, V. Ramesh, A.P. Massey, “Understanding usability in
mobile commerce,” Communications of the ACM, vol. 46, no. 12, pp. 53-
56, 2003.

[23] Z. Ahmad, R. Ibrahim, “Mobile commerce (m-commerce) interface
design: a review of literature,” IOSR Journal of Computer Engineering,
vol. 19, no. 03, pp. 66-70.

[24] D. A. Norman, The invisible computer: why good products can fail, the
personal computer is so complex, and information appliances are the
solution. MIT Press, 1999.

[25] M. Hassenzahl, “User experience (UX): Towards an experiential
perspective on product quality,” in Proceedings of the 20th International
Conference Association Francophone d’Interaction Homme-Machine —
IHM 08, Metz, 2008, pp. 11-15.

[26] R. Hartson, P. Pyla, The UX book: process and guidelines for ensuring a
quality user experience. Burlington: Morgan Kaufmann, 2012.

[27] M. Lilley, A. Pyper, J. Rawska, “Applying user experience techniques to
the design of a programme site,” in European Conference on e-Learning,
Academic Conferences International Limited, Oct 2020, p.291.

[28] V. Kompaniets, A. Lyz, A. Kazanskaya, A., “An empirical study of goal
setting in UX/Ul-design,” in 14th IEEE International Conference on
Application of Information and Communication Technologies, AICT2020
— Proceedings, 2020.

[29] A. K. Pradeep, The buying brain: secrets for selling to the subconscious
mind. Hoboken: John Wiley, 2010.

[30] A. Bojko, A. Stephenson, It’s all in the eye of the user: how eye tracking
can help answer usability questions. User experience, Spring 2005.
Available at: https://uxpamagazine.org/wp-
content/uploads/sites/8/2005/05/Eye-tracking.pdf

[31] J.H. Goldberg, M.J. Stimson, M. Lewenstein, N. Scott, A.M. Wichansky,
“Eye tracking in web search tasks: design implications,” in Proceedings
of the Eye Tracking Research & Application Symposium ETRA, New
Orleans, 2002, pp. 51-58.

[32] 1.D. Velasquez, “Combining eye-tracking technologies with web usage
mining for identifying website key objects,” Engineering Applications of
Artificial Intelligence, vol. 26, pp. 1469-1478, 2013.

[33] A.E.Lyz, V.S. Kompaniets, “Eyetracking as a method for evaluating user
interfaces,” in Proceedings of the International Scientific and Practical
Conference “New problems of technical sciences and ways to solve
them": Collection of articles on the results, Orenburg, 2017, pp. 31-33.

[34] J. Ber¢ik, J. Rybanska, Methods used in neuromarketing. Sensory and
aroma marketing. Wageningen: Wageningen Academic Publishers, 2017.

[35] V. Terzis, C.N. Moridis, A.A. Economides, “Measuring instant emotions
based on facial expressions during computer-based assessment,” Personal
and Ubiquitous Computing, vol. 17, no. 1, pp. 43-52, 2013.

[36] Company GymBeam. Available at: www.gymbeam.sk

[17

—

International Scholarly and Scientific Research & Innovation 16(6) 2022 334 1SN1:0000000091950263



