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Abstract

The volume of the online commerce market is growing steadily; however, the online store
conversion remains at a fairly low level. One of the reasons for the low conversion rate of
online stores is the lack of the ergonomic design. The interface expert assessment and usability
testing allow identifying interface errors of existing sites. The methodology is proposed for
testing the ergonomics of the graphical user web interface of online stores based on choosing
alternatives and visual analytics. The methodology is based on combining expert assessment
of user interfaces with usability testing throughout the design process. Expert assessment is a
quick way to find the main ergonomic problems, which is recommended to be used at the stages
of developing technical specification, prototyping and final testing. The expert assessment
mechanism of ergonomics is improved based on interface checklists and visual analysis of
results. Within each of the ergonomics criteria (speed, errors, subjective satisfaction,
comprehensibility), uniquely defined characteristics are selected to evaluate the ergonomics of
the online store interface. Each ergonomic characteristic is assigned a weighting coefficient
that determines its importance. The degree and quality of implementing the characteristics on
a 0 to 5 scale are taken into account. Acceptable test results are obtained for the peer review
method of the online stores interfaces for comparing the interfaces of Eldorado, M.Video and
DNS sites.
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1. Introduction

The volume of online commerce has significantly grown recently. There are approximately 1.92
billion online shoppers worldwide. In 2021 e-commerce sales amounted for about 15% of all global
retail sales. Analysts predict the upturn of this indicator to 22% in 2023 [1, 2]. The growth trend of the
e-commerce sector is supported by the coronavirus pandemic as people are increasingly beginning to
give preference to electronic shopping [3]. As a result, new online stores appear daily [1].

Despite the growing number of online stores, the world statistics states that only 2.58% of their
visitors make purchases in the end [1]. Work [4] indentifies the Internet commerce concerns associated
with the problems of user interfaces, namely the chaos and information overload of sites and user-
unfriendly navigation. Therefore, the urgent task is to increase the conversion by optimising the site
user interface, increasing its usability.

Leading companies are paying more and more attention to optimising the user interfaces of their
online stores, realising the importance of their usability. The interface affects the product retrieval rate,
its presentation convenience, and, as a result, the decision to buy it, to reuse the service and to form an
opinion about the seller. For instance, simplifying the registration process for adidas.com users led to
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increasing the number of accounts by almost 19%, which has ultimately enhanced revenues by more
than $1 million [5].

Interface problems can be divided into design ergonomics concerns and the problems of interface
incompatibility with the user activity structure. In relation to many online store sites, the second problem
is successfully solved, due to the sufficient simplicity and standardising the process of finding and
purchasing goods. If the user non-standard behaviour on the site is planned, related to the specifics of
the online store subject area and the features of the purchase, then the interaction must be carefully
checked on the system potential users.

The problem of improving design ergonomics for many sites comes to the fore and is subject to more
detailed study.

The presence and properties of the Web interface individual components are regulated by the quality
manual for Web interfaces 1SO 9241-151: 2008 [7], however, aspects of evaluating the ergonomics of
the online store Web interface are not affected by this and other standards [7, 8]. Therefore, the problem
of creating a methodology for testing online store ergonomics is urgent.

Comparative expert analysis of the speed of similar site users can be carried out using the GOMS
method [9]. However, this method has significant limitations, does not allow identifying problems and
ways for their solution, and is not intended for a comprehensive assessment of the interface ergonomics.

In work [10], a method is proposed for formalizing the interface quality assessment relative to similar
programme interfaces. However, the analogs under consideration may not be ideal, which may lead to
decreasing the quality level and complicating the expert assessment procedure.

Ergonomics testing is based on selecting and using many criteria and characteristics, the set of which
can vary for each site. The general set of requirements for the website interfaces is determined by the
standard [7]. When designing and evaluating each website, the standard requirements are to be
transformed into a set of easily verifiable and understandable ergonomic criteria and characteristics.
This set is developed by expert designers, domain specialists, constructors, customers, and other
decision makers. Differences in viewpoints, as a rule, are observed both among the groups of decision-
makers and within each group, which can lead to emerging redundant criteria, differences in evaluating
the interface quality.

The subjectivity of the criteria for evaluating the interface and interpreting the results of testing
interfaces introduced by decision-takers makes the task of multi-criteria evaluation and choice of the
alternatives urgent. The use of visual analytics methods allows reducing the number of alternatives and
criteria, can increase the objectivity of the proposed assessment methods, as well as the objectivity of
interpreting the study results of the interface ergonomics [11].

Applying specialized methods of data visualization can also improve the analysis efficiency of large
amounts of data [12-15]. Using visual analytics is especially important for the comparative analysis of
a few analog interfaces for several dozen characteristics at the stage of developing a technical task, as
well as at the stage of evaluating several options for interface prototypes of the designed application.

Thus, the task arises of creating a methodology for evaluating the interface ergonomics, which will
allow determining a set of adequate assessment criteria, objectively evaluate by criteria, clearly present
the study results and draw a conclusion about the advantages, disadvantages and directions of improving
the interface.

2. Relationship between the interface design and ergonomics evaluation

A generalized scheme for designing a user interface, on the basis of which a methodology for
evaluating ergonomics has been developed, is shown in Figure 1.
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Figure 1: Generalized BPMN-scheme for designing an ergonomic interface

The developed methodology is based on the following formulated principles:

1. The expert assessment and usability testing of the interface should be applied in the design,
starting from developing technical specifications, and then when checking the correctness of the first
and subsequent versions of the prototype, since with each new iteration, fixes in the interface are
more expensive than at the previous one.

2. The biggest problems of analog interfaces or the system being developed can be discovered by
experts involved in the design process. The expert conducts a preliminary check of the interface
compliance with the technical specification requirements and ergonomics criteria. Therefore,
starting from the early design stages, it is advisable to involve experts to evaluate the decisions made
within the developed prototypes. Expert assessment usually precedes usability testing.

3. The procedure for evaluating the interface quality by an expert is heuristic and subjective;
therefore it is necessary to formalize this process in order to ensure the objectivity and evidence of
the expert conclusions with a minimum loss in the examination speed. To ensure the reliability and
consistency of the research findings, it is necessary to provide for a multi-criteria evaluation of the
expert judgment conformity and, if necessary, take measures aimed at increasing the conformity
[16]. In addition, it is advisable for an expert to have visual analytics tools at his disposal.

4. Interface design is an iterative process focused on improving different versions of the interface
prototype by periodic peer review and user testing [17, 18].

5. The effectiveness of the interface solutions of each prototype is checked by means of the interface
expert assessment and / or usability testing [9]. If testing shows acceptable results of compliance
with the technical task requirements or with its abbreviated version that is the checklist, then one
proceeds to developing a better version of the prototype, otherwise (if ergonomic problems are
found), the current version is corrected or developed anew [17].

6. Usability testing of the interface is carried out by potential users of the online store who are
familiar with the subject area. It is recommended to involve test groups of 4-5 participants. This



study is advisable to carry out after eliminating expert comments. A promising area of interface

testing is biometric assessment and tracking the user view direction. These techniques make it

possible to reveal the user hidden subconscious motives [19].

User interface ergonomics depends on the quality of carrying out individual work within the
interface design framework. At the first design stage, the features of the subject area and analog
interfaces are studied. Analysing the interfaces of analogous systems involves the expert selection of
the evaluation criteria. Given the subjectivity and differences in the expert opinions, this task of multi-
criteria evaluation will require involving the resources of the software analytical system to select
objective criteria and the degree of their importance (the process of “Analysis of opinions”). Then
ranking the evaluation criteria is performed and the interface is directly analyzed. The interface analysis
can be performed both by an expert and by an analytical system that carries out the analysis on the rule
base and the estimation model. Further, according to the analysis results, one obtains numerical and
visualized data that reveal the advantages and disadvantages of the interface under consideration. The
data received are used to develop the technical specification and interface checklist. After the expert
assessment, usability testing of similar interfaces can be used, which helps to identify their objective
additional flaws and to confirm the problems found by the experts.

The analysis of user requirements, as a rule, is based on observing user activities according to pre-
developed scenarios and questionnaires, allowing identifying goals, objectives, and typical examples of
applying the interface.

At the high-level design, the designer arranges navigation links between the interface blocks. Testing
users by the classification method of card sorting helps one to determine the navigation links by the
user view, to group functions in menus and on separate pages, to determine the product catalogue
structure. In this situation, the “Analysis of opinions” block performs the processing and interpreting of
statistical information obtained as a result of card sorting.

Low-level design is the stage at which expert assessment involves estimating the quality and
identifying shortcomings of the paper, presentation, pseudo-real and real versions of the prototype. The
peer review scenario at this stage is similar to studying the analogs, with the exception of its iteration.
Evaluating the prototype version interface is carried out within the framework of the previously
developed technical task. Visualizing the level of the criteria fulfilment allows one to understand the
degree of the project readiness and to determine the places where the interface needs improving.
Usability testing allows one to determine the prototype compliance with the technical task requirements
and is the main way to determine the ergonomics of the developed interface.

3. Methodology for evaluating ergonomics

In checking the interface ergonomics, expert assessment takes a dominant position, especially at the
initial design stages when developing technical specifications. The mechanism of checklists [20],
supplemented by a visual evaluation model, allows having a quick and accurate assessment of the
interface ergonomics or its prototype ergonomics. A checklist is a list of requirements for individual
properties and interface elements that have their own weighting coefficients. If the requirement is met,
its weight is added to the total amount; if it is not met, the weight is not added. The requirements are
not always met unambiguously and at a high level, therefore it is proposed to take into account the
degree of the requirement fulfilment on a six-point scale (0 — the requirement is not met, 5 — the
requirement is met in full). An interface checklist is developed for each project, but a universal basic
checklist grounded on the basic ergonomic requirements for such sites can be proposed for designing
an online store site.

To evaluate the ergonomics of the graphical user interface of online store sites, it is proposed:

1. To select uniquely defined characteristics (criteria) for evaluating the interface ergonomics.

2. To assign to the ergonomics characteristics j quantitative values of the weighting

coefficients k; determining the importance of the characteristics. The sum of the weighting factors

must be equal to 1.

3. To choose a scale for evaluating the ergonomics characteristics (for example, a six-point scale

from p;=0 which means that the characteristic is not implemented until pj=5 which means that the

characteristic is implemented at the highest level).



4. To calculate the integral estimation of ergonomics using the formula for determining the
ergonomics level of the V interface:

n

j=1

Formula (1) is only one of the possible options for obtaining an aggregate estimation; it is possible

to use other types of decision rules, as well as their combinations.

5. To conduct ranking and clustering of ergonomic characteristics according to the main criteria

of ergonomics (user speed, reduction in the number of errors, subjective satisfaction, clarity of the

interface).

6. Tobuild a visual evaluation model that allows one to objectively and visually present the results

of the ergonomics test.

7. To draw conclusions about the shortcomings of the analyzed sites.

Thus, the maximum possible value of user interface ergonomics level is Vinax=5.

The ergonomics of any online store interface is based on the following criteria:

1.  User speed

2. Reduction of user errors

3. User subjective satisfaction

4. Interface comprehensibility

Each of the ergonomics criteria is implemented through various characteristics of a variety of
interface elements and interface solutions determined by the user mental model, subject area and
standard [7].

The problem of identifying the interface individual characteristics and especially determining their
weighting coefficients is associated with the mutual influence of various ergonomic characteristics on
different criteria of ergonomics. For example, fewer data entry errors tend to result in increasing the
speed and user higher subjective satisfaction. Due to their versatility, such characteristics can have
higher weighting coefficients characterising their importance to ensure the ergonomics of the site user
interface.

To test the methodology, the site interfaces of Eldorado [21], M.Video [22] and DNS [23] online
stores are analysed. The comparison results are presented in Table 1-4.

Table 1
Evaluating the quality of the online store interfaces by user speed

Ne Ergonomic features / interface solutions k; pj
Eldorado M.Video DNS

1. Interface quietness 0,04 2 4 4
2. Restricting on decision making (shopping cart) 0,03 3 5 5
3. Minimizing data entry 0,03 2 4 4
4, Navigating 0,03 4 4 4
5. Sorting and filtering search results 0,03 5 4 4
6. Combining typical actions (purchase) 0,02 5 2 4
7. Grouping related items 0,02 4 4 4
8. Simplicity (number of elements) 0,02 3 3 4
9. System memory (information storage) 0,02 4 5 4
10. Searching hints 0,02 5 4 4
11. Size of interface elements 0,015 3 4 5
12. Searching by part of a word 0,015 5 4 5
13. Searching history 0,015 4 3 5
14. Arranging items in order of importance 0,015 4 3 4



15. Need for vertical scrolling 0,01 4 3
16. Product browsing history 0,01 5 5
Table 2
Evaluating the quality of the online store interfaces by user error reduction
Ergonomic features / interface solutions k; p;
Eldorado M.Video DNS
1. Resistance to typos when searching 0,03 4 3 4
2. Using specialized elements for the data entry 0,03 4 4 3
3. Blocking erroneous actions 0,025 4 4 4
4, Indicating errors 0,015 4 4 4
5. Searching with the wrong keyboard layout 0,01 5 5 5
Table 3
Evaluating the quality of the online store interfaces by user subjective satisfaction
Ne Ergonomic features / interface solutions k; pj
Eldorado M.Video  DNS
1. Integrity of style 0,05 1 5 4
2. Modular grid and visual constants 0,035 3 4 4
3. Rounded corners 0,03 2 5 4
4. Colour scheme 0,03 3 4 4
5. Fonts 0,025 2 5 4
6. Airiness” of the mtslr:i:sn(il)stance between the 0,02 3 4 4
7. Ease of user authentication 0,02 4 3 4
Content 0,02 4 4 4
Adaptability 0,02 4 4 4
10. Designing navigation links 0,02 4 3 4
11.  Feedback (sending comments, questions, ratings) 0,015 5 5 5
12. Loading speed and indication 0,015 3 3 4
13. Using the golden ratio 0,01 2 5 5
14. Absence of “broken links” 0,01 5 5 5
15. Location information 0,01 5 3 5




Table 4
Evaluating the quality of the online store interfaces by the interface comprehensibility

Ne Ergonomic features / interface solutions k; p;
Eldorado M.Video DNS

Pictogram comprehensibility 0,035 5 3 4
2. Standard nature of elements 0,035 4 4 4
3. Changing properitr:(::rzizloe:‘\ents during the 0,03 4 3 4
4, Compliance with the industry standards 0,03 3 4 5
5. Displaying the access path 0,025 4 4 4
6. Visible ownership of controls to an object 0,02 4 4 4
7. Reference for typical actions 0,015 4 4 4
8. Tooltips 0,015 4 3 4
9. Subject area reference 0,015 5 3 3

As a result of the calculations according to formula 1, we will determine the level of the interface
quality of the compared sites. Eldorado website has its interface ergonomics score of Ve=3,575.
M.Video website shows the second result, that is Vm=3,88. DNS site has the best level of the interface
ergonomics, that is Vp =4,155 among those considered websites.

The integral value of the interface quality level gives us insights into the necessity to improve the
site. Making a decision about the characteristics that need to be improved requires clustering, ranking
and comparing individual ergonomic characteristics.

It is proposed to evaluate ergonomics within the four identified clusters that meet the main
ergonomics criteria. A radar chart is chosen as a visual benchmark for comparing multiple interfaces.
The choice of radar diagram is due to the fact that the evaluated characteristics are not related to each
other, as well as the fact that the area bounded by the diagram line is proportional to the quality level
of the interface.

Let's construct separate diagrams for the characteristics of each of the four ergonomics criteria. The
quality level of each feature is determined by multiplying the rating of each site by the feature weighting
coefficient. As a result, based on the data in tables 1-4, we will obtain the corresponding diagrams for
evaluating the ergonomic characteristics of online stores (Figure 2).
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Figure 2: Diagram of the ergonomics level of characteristics that affect: a) user speed; b) number of
user errors; c) user subjective satisfaction; d) interface comprehensibility

Analyzing the deviation of the line corresponding to a specific interface from the line of the
maximum quality level (MAX), as well as the area formed by this line, it is possible to draw a conclusion
about the level of the interface quality. The closer the points of the broken curve to the centre of the
diagram, the lower the overall level of quality of this criterion implementation in the interface of the
site in question.

Using such diagrams, one can solve two types of problems:

1. Improving the interface of one of the analyzed sites (determining the ergonomic characteristics

by which the site lags behind the maximum indicator and the competitors).

2. Designing the interface of a new site (determining the best ergonomic solutions or improving

those available in analogs).

Let's show by example approaches to solving the problem of improving the site of Eldorado online
store. Figure 2a shows that M.Video and DNS sites are leading in terms of user speed. It is advisable to
take ergonomic characteristics Ne 2, 11, 12, 13 of DNS site and Ne 9 of M.Video site as standards of
implementation.

It is necessary to pay attention to the characteristics of the leading interfaces; the points of their
diagrams are as distant as possible from the maximum values. They are the best of the considered
analogs, but their improvement will provide the most significant gain in ergonomics. Thus, we can
recommend to improve and use ergonomic characteristics Ne 1, 3, 8 of DNS leader site.

The characteristics of Eldorado site Ne 4, 7, 14 are rated on par with those of the competitors, but
they need improving. The characteristics of Eldorado site Ne 5, 6 10, 12, 16 are maximum and do not
need any improvement.

The task of designing a new site interface requires knowledge of the main disadvantages and
advantages of the similar sites. From the diagram in Figure 2, we can see that it is advisable to take
characteristics Ne 2, 11, 12, 13, 16 of DNS site, characteristics Ne 5, 6, 10, 12 of Eldorado site and
characteristics Ne 9 of M.Video site as standards of implementation. Then we consider the
characteristics of the leading interfaces, as the points of their diagrams are distant from the maximum
values. Thus, we can recommend to improve and use ergonomic characteristics Ne 1, 3, 4, 7, 8, 14 of
DNS leader site.

4. Conclusion

Thus, the proposed methodology makes it possible to determine the absolute value of the user
interface ergonomics level for the online store website, as well as the relative level of interface quality



in the case of comparing several sites. Presenting visual analysis tools obtained in the process of
evaluating the ergonomics of the alternative site allows one to involve expert cognitive capabilities in
the analysis process and to perceive the solution fully, entirely using all the evaluation criteria proposed
in the work. The described technique can be applied at the initial design stages as an express analysis
for setting development goals, as well as at the stage of designing and testing interface prototypes to
evaluate the decisions made as an addition to usability testing methods and independently of them. With
the help of expert assessment according to the methodology proposed in this work, it is possible to
quickly determine the strengths and weaknesses of user interfaces, which are advisable to take into
account when creating new sites for online stores or improving existing sites.
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