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Abstract. In our paper we consider how the eminent Kansei Engineering (KE)
method can be applied in computer-aided development of websites. Although
principally used for exploring emotional dimension of users’ experience with
products, KE can be extended to incorporate other types of software require-
ments. In conjunction with Al Neural Networks (Kansei Type II), it then be-
comes possible to automate, up to a certain degree, evaluation of websites
quality in terms of functionality, usability, and appeal. We provide overview of
existing works related to KE application in web design, and note its certain gap
with systematic Web Engineering. Then we summarize approaches for auto-
validation of different types of requirements, with particular focus on computer-
aided usability evaluation. Finally, we describe the ongoing experimental study
we undertook with 40 participants, in which Kansei-based survey with 21 uni-
versity websites was performed, and outline preliminary results and prospects.
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1 Introduction

As the number of websites worldwide is approaching one billion, systematic and effi-
cient application of Web Engineering (WE) methodology continues to gain in im-
portance. Among the most crucial dimensions of WE we consider Requirement Engi-
neering (RE) that is essential for building and maintaining a web product within rea-
sonable timeframe and budget, and Web Interaction Design. The latter comprises such
areas as human-computer interaction, information engineering, user interface design
and testing, graphic design, etc. Obviously, higher degree of Artificial Intelligence
(AI) methods application in these WE dimensions could lead to more rapid, reliable,
and economical web development as well as, presumably, to better average interac-
tion quality, at least in conventional projects with typical user tasks.
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In one of our previous works [1], we proposed a set of methods for evolutionary
algorithms’ (EA) application for interaction design. According to our ideas, an im-
portant component of the EA should be the neural network (NN) that automatically
evaluates candidate solutions per specified fitness function, so that 1) potentially defi-
cient web interfaces are not presented to real users, and 2) the time gaps between
generations of solutions are decreased, speeding up the algorithm’s convergence. In
this, the respected Kansei Engineering (KE) method (see its extensive review in [2])
seems a promising and systematic basis, since it has the following advantages:

1. Applicability for maturing industries (as certain degree of pre-accumulated
knowledge is required), such as web development.

2. Self-learning capabilities of KE NN, which allows it to accommodate to the ever-
changing software requirements [3].

3. Formal mathematical representations and reasonable computational effectiveness
in evaluating the fitness function, which is crucial in EA.

4. Good correspondence to Web Engineering, since websites are abundant and acces-
sible (NNs need lots of diverse data for self-learning), and web interfaces currently
have higher typicality in terms of user tasks, technologies, standards, and platforms
employed, compared to desktop or mobile software.

However, before KE can be applied for evaluation of a fitness function reflecting
integral quality of candidate web designs, the generic method that focuses on emo-
tional dimension of customer’s interaction with a product, must be supplemented with
the means to measure concordance to software requirements as well as established,
even if not explicitly specified, interaction quality parameters. So, our research work
is dedicated to the extension of the Kansei Design method to integrate all aspects of
web interaction, and in Section 2 we explore how the validation of various types of
requirements’ fulfillment can be automated within the method’s framework. In Sec-
tion 3 we describe the ongoing experimental study seeking to illustrate the applicabil-
ity of the proposed approach.

2 Kansei Design, Requirements, and Web Engineering

Kansei Engineering is a set of methods and techniques that originated in Japanese
automotive industry in the 1980s and since then were successfully applied in numer-
ous other fields [2]. KE’s analytical method seeks to establish formal relations be-
tween target customers’ feelings and impressions of existing or prospective products
(expressed per measurement scales — Kansei Words) and particular attributes of the
products. The synthetic method of KE aims to obtain the list of the prospective prod-
uct’s attributes from the desired Kansei (emotional feeling) of the target customer.
Thus, the latter in essence attempts to automate transition from requirements to design
resolutions — long time a Holy Grail of software engineering — and implies significant
amount of pre-accumulated technological and usage knowledge in the industry.
Probably the most recent and quite extensive review of KE applications in areas re-
lated to WE can be found in [4], and the authors conclude that in webpage design they



are still relatively scarce. Notably, in our own literature review we were unable to find
attempts to incorporate more types of requirements into KE-based design — quite on
the contrary, a recurring theme (see e.g. [5, p. 2], [6]) was a contraposition of the
emotional aspect, that can be probably best summarized in a quote “...the new para-
digm of producing desirable websites as opposed to current focus on website func-
tional usability and performance” [6, p. 147]. Thus, existing works virtually never
consider unambiguous parameters related to users’ interaction with a website beyond
the emotional experience, and also have little consistency in selecting design factors
to be analyzed and varied in KE. In the absence of accepted website design factors
structure in the industry, the selection methods range from near omission of their
origin [7] to experts’ surveys [4], to reasonably systematic approaches (e.g. eye track-
ing in [8]). Since many agree that “more efficient and complete description methods
of the factors should be applied” [4, p. 13], proposals to construct KE / WE support
databases for the web were made repeatedly (see [5], [3], or our own research [9] that
employs ontology-based approach), but their implementation so far remains limited.
Given the apparent gap between WE and KE — endeavors in improving KE appli-
cation, particularly in web design domain, are mostly aimed towards closer and more
systematic involvement of users/customers ([10], [11], [12]) — we instead would need
to turn to RE. There seems to be a multitude of requirement classifications, so the
related common vocabulary even had to be organized as ontological concepts [13],
and a very holistic work at cataloguing types of non-functional requirements (NFR)
was done in [14]. The NFR types relevant for web systems are denoted as Integrity,
Interoperability, Performance, Privacy, Scalability, Security, and, finally, Usability
that we’ll consider in more detail. In Table 1 we reason about the requirement types’
applicability for interaction on the web and outline approaches for automating the
evaluation of a website’s compliance with them (validation), for the KE framework.
Usability is a complex measure reflecting quality of user’s interaction with an arti-
fact (software, website), and is relative to users traits and needs, context of use, etc.
The principal approaches towards automation of usability evaluation (UE) include:

o Interaction-based UE: analyzes real or “staged” (User Testing) interactions. The
degree of “optimality” of a user behavior on website can be estimated based on
visualization (e.g. in Yandex.Webvisor tool) and/or logs data mining. However, so
far automation remains incomplete (experts involvement required) and reliable
quantitative values are hard to obtain, given the diversity of use contexts [15].

e Metric-based UE: attempts to define and quantify user interface metrics (from
concordance to design guidelines to amounts of text on a webpage, in WaPPU tool
[15]) that reflect its usability. Some KE works already use metrics like this (e.g. ra-
tio of graphics to text in [3]), but only as high-level design factors affecting emo-
tional experiences. Fundamental issue of considering effect of different user tasks
and contexts of use on the metrics significance, however, seems to be unresolved.

e Model-based UE: if User Model and Ul Model are available, Al methods (e.g.
simulation) can be used to obtain usability evaluations without real interactions.
This may be a promising approach, especially in conjunction with evolutionary al-
gorithms that offset certain disadvantages of the model-based interface design [1].



Table 1. Approaches for automated testing of compliance with requirements

Requirement type and relevance Auto-validation approaches

Functional requirements in interaction ~ Test scripts, web interface test automation
are mainly represented as Use Cases. software: Selenium, HtmlUnit, etc.
Integrity and Privacy are in essence Web application security scanners, web-

Security requirements. Main focus is form validators: SQLMap, W3AF,
on data entry, while channels and serv- Metasploit Framework, etc.
er security are not relevant.

Interoperability with applications and  For assessing quality of interaction with

components is not relevant. users see Usability.

Performance for web interaction by Load testing/benchmarking, e.g. with tools
and large means response/latency time  like Apache JMeter that can use scripts to
per planned website capacity. simulate user behavior.

Scalability may refer to dealing with No known approaches for automation.
increasing complexity in user tasks Generally, creative interface re-designs are
(increasing number of users rather required when user tasks are complemented
relates to Performance). or modified.

Usability is the major requirement type  Usability in-use evaluation can be interac-
and may be sub-categorized into do- tion-based, metric-based, or model-based.
goals (in-use, achieving tasks) and be-  Satisfaction is extensively measured with
goals (being satisfied, etc.). conventional KE.

3 The Experimental Study

To confirm the proposed idea that KE can be effectively enhanced to consider non-
emotional requirements, we designed an experimental study, to be performed in two
main stages. The setup of the first part is more or less typical for Kansei surveys, with
target customers evaluating a number of websites varying in both visual design fac-
tors and unambiguous parameters stemming from NFRs. Then we are going to con-
struct the extended KE NN, train it with data collected from the subjects, and use it to
generate two “optimal” website designs, #1 considering purely emotional aspect, and
#2 taking into account the extra parameters. In the second part of the experiment, in
another survey with target customers we’ll test the hypothesis that web design #2
rates significantly better that #1 and the control group of websites.

To date, we performed the first session of the first survey, collecting Kansei data
from 40 subjects (36 of whom were male), age ranging from 19 to 33 years, mean
24.5 (SD=3.19), all of whom were students at a German university (14 of Bachelor
and 26 of Master program), the greater part of them (38 subjects) majoring in Com-
puter Science / Informatics. They were given a scenario to be performed with 21 real
websites of several German and Russian universities, then rate them on 10 developed
Kansei scales based on the ones used in similar research works ([4], [5], [6], [7], and
[8]). The experimental scales and their evaluations (5-point Likert scale, with -2
meaning most prevalence of the first term, +2 most prevalence of the second term) are



presented in Table 2. The second session of the first survey will be performed with
respected number of students from a Russian university, so that cultural differences in
Kansei could be investigated and accounted for in the further research.

Table 2. The Kansei scales and their evaluations in the experiment (session 1)

Scale Mean SD

masculine — feminine -0.15 0.37
conventional — creative -0.03 0.68
homely — global 0.25 0.30
reasonable — premium 0.02 042
academic — practical -0.12  0.35
handcrafted — professional 0.13 047
natural — technical 0.19 0.27
stable — dynamic -0.03 0.61
exclusive — attainable 0.30 0.21
bright — temperate -0.21 0.28

4 Conclusions

In our research work we seek to justify and develop approaches for extension of Kan-
sei Engineering beyond the conventional emotional aspect, so that the method could
be used to consider other types of requirements and effectively applied in WE. The
motivation for this stems from our existing work, in which we proposed to use ex-
tended KE neural network for assessment of fitness for solutions obtained in the
course of evolutionary web interaction design [1], and a wider research context of
transforming requirements into design resolutions [9]. Further, a prototype Web De-
sign Support Intelligent System developed by our team (see description in [16]) is
able to consider requirements when generating a web interface wireframe, but this
capability is so far quite rudimentary and calls for further enhancement.

In the current paper, we overview applications of KE for web design and note a
certain contraposition between emotional aspect of user interaction and other types of
software requirements. From research in requirements engineering, we extracted most
common types of NFRs and outlined the approaches towards automated evaluation of
website compatibility with the requirements. We gave particular focus to automated
usability evaluation, noting pros and cons of interaction-based, metric-based, and
model-based UE, as well as mentioning some existing testing automation tools.

To confirm that KE can be effectively enhanced to consider non-emotional re-
quirements, we designed the experimental study and performed its first stage with 40
subjects evaluating 21 operating university websites per 10 specially developed Kan-
sei scales. Our plan for future work involves construction of the extended KE NN,
training it with the experimental data, and showing that web design created with ex-
tended KE is superior in comparison to the one generated with the conventional
method that only considers the emotional aspect of web interaction.
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