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The article is devoted to the issue of modification of earlier developed usability evaluation
model with fuzzy multi-criteria weighted average approach. Usability is represented as a four-
level hierarchical system of usability criteria. Usability subcharacteristics from ISO/IEC
25010:2011 were taken. The model supports usability management of software products based
on the experts’ judgments and evaluation of users’ feedback. Fuzzy mathematics is applied to
deal with the uncertainty and imprecision of the importance and rating of criteria on which us-
ability depends

Introduction
Usability is an important characteristic

of any product that is used by a customer.
This  applies  to  software.  On  the  one  hand,
usability determines the consumption of re-
sources (e.g. time and effort) against the ac-
curacy and completeness of achieving goals.
That affects the productivity of man and it is
essential  for  software  users.  On  the  other
hand, usability is one of the prominent fac-
tors in selecting software. It is related to its
competitiveness and this is important for the
software developer. Also usability is one of
the characteristics of the software quality
model and therefore is represented in the
standards ISO / IEC 25010:2011, ISO 9241-
11 and ISO / IEC 25060:2010.

Literature analysis
Many foreign scientists study usability:

N. Bevan, B. Boehm,           A. Cooper, Sh.
Laskowski, J. McCall, J. Nielsen, A.
Holzinger, J. Scholtz. Among ukrainian sci-
entists it is explored indirectly through the
concept of software quality by F. Andon, G.
Koval’, B. Konorev, T. Korotun, K. Lavry-
scheva, V. Suslov, I. Turkin, A. Kharchenko
etc.

In many studies attempts to determine
the usability are made, but often they are in-
consistent  [1].  Therefore,  we  will  use  the
definition given in the standards ISO 9241-
11 [2] and ISO / IEC 25010:2011 (updated
ISO / IEC 9126-1:2001) [3]:

Usability – degree to which a product
can be used by specified users to achieve

specified goals with effectiveness, efficiency
and satisfaction in a specified context of use.

In ISO / IEC 25010:2011 [3], which
belongs  to  a  series  of  standards  SQuaRE
(ISO / IEC 25000 - ISO / IEC 25099), us-
ability is considered in two models: directly -
in the product quality model; indirectly - in
quality in use model.

According to the first model usability
has six subcharacteristics: appropriateness
recognisability, learnability, operability, user
error protection, user interface aesthetics and
accessibility.

Issues of usability subcharacteristics
and properties definitions for specific soft-
ware have been studied for over thirty years
by various authors. Based on the standards,
they are trying to expand the list and adapt it
to real projects for usability measurement.

Usability, as noted above, is repre-
sented as a set of related subcharacteristics.
They form the basis for the specification of
usability requirements and its evaluation.
Sets  of  software  properties  correspond  to
subcharacteristics. These properties match
measures [3]. The value of a measure is ob-
tained as the result of applying a measure-
ment function to measure elements (Fig. 1).

For data derived from measurements in
a variety of evaluation methods are used. Let
us give the following definition:

Usability evaluation - the process of
determining the actual state of the software
regarding the desired state from the perspec-
tive of the possibility of usage by specific
users to achieve specified goals with effec-
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tiveness, efficiency and satisfaction in a
specified context of use; the result of such
process in numerical form.

Under the software state we under-
stand the set of quantitatively expressed
properties that determine software behavior.

Usability evaluation area is generalized as a
set of all forms of methods that can help with
understanding of ways to improve usability
of software, problems with use in all con-
texts or even terms of use.

Figure 1.  Usability measurement model

The history of approaches to usability
assessment [4] includes about forty years.
But most techniques are not well integrated
and fail to cover all usability aspects. As it is
shown in [5] only a few methods allow to
obtain quantitative data. Moreover, those
that do, cover not all usability subcharacter-
istics and depend on the expert’s or/and a
user’s knowledge and experience. In such
case, the issue of subjectivity of human
judgments and vagueness of data arises. Last
works on software quality (including usabil-
ity) evaluation are devoted to fuzzy set the-
ory usage [6-9]. Fuzzy logic helps to deal
with the uncertainty and imprecision of the
importance and rating of criteria on which
usability depends.

Previous author’s works are devoted to the development of the method and the tool of software product usability management [10].
on the method of nested scalar convolutions
and is represented by a scalar function of the
additive convolution.  It supports usability

management of software products based on
the automated evaluation of users’ feedback.

The aim of the present article is to ap-
ply fuzzy mathematics for multi-criteria us-
ability evaluation that will make conducting
of usability management according to the
author’s method more precise.

The essentials of usability
evaluation model

Usability  (Q) is decomposed on sub-
characteristics, each of which – on corre-
sponding properties, and properties – on
measures. Such decomposition is based on
the relevant standards, guidelines, expert
judgments  etc.  Each  criteria  of  the  higher
level of the hierarchy contains the criteria of
a lower level. It is allowed to introduce addi-
tional criteria at each level (Fig. 2). Criteria
of each level of the hierarchy, except the first
level, is characterized by two numerical pa-
rameters - numerical value and weight. The
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numerical values of usability properties are
calculated on the basis of appropriate meas-

ures, the values of which are calculated as
the average of user ratings.

Figure 2.  Graphic representation of the hierarchy of usability criteria

Usability evaluation model is represented in [10] by a scalar function of the additive
convolution as follows:
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A weight of each criteria is determined
by the final experts’ ranking using the
Fishbern’s scale. For usability criteria at all
hierarchical levels a single scale from 0 to 1
is applied.

Sufficiency of the usability level is de-
termined by comparing the general obtained
score and calculated subcharacteristics’ val-
ues with relevant analogues taken from a ref-
erence sample. Really existing software of

the same functionality, with the same basic
parameters, similar structure and operating
conditions is chosen as analogue. Such an
approach from a certain point of view is
worse than modern neural network methods,
but because of its simplicity, is more adapted
to software development in terms of finance
and time savings.

At the second level of the hierarchical
structure, by which usability is represented
(see Fig. 2), usability subcharacteristics from
ISO / IEC 25010:2011 were applied [3]. List
of properties was developed using  QUIM
model [11]. Interactions between subcharac-
teristics and properties are presented in Table
1. With regard to the measures that are calcu-
lated for each usability property, the corre-
sponding list is presented in [10]. Measures
are calculated using formulas or simple cal-
culations.

аij
Properties

(3rd level criteria)

Measures
 (4th level criteria)аijk

Subcharacteristics
(2nd level criteria)

ai

Q
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Modification of usability evalua-
tion model with fuzzy multi-criteria
weighted average approach

In order to evaluate software usability
triangular fuzzy sets are used to represent the
corresponding criteria rating and weights.
The algorithm of usability quantifying is as
follows:

1. Specify fuzzification criteria for all
usability criteria (subcharacteristics, proper-
ties and measures/measure elements).

2. Fuzzify ratings and weights ob-
tained from users and experts into triangular

fuzzy numbers (TFN). It is necessary to
evaluate group TFN for expert’s judgments
(weights) of usability criteria (see fig. 1) and
users’ ratings of measure elements.

3. Evaluate the fuzzy moving average
of the measures to evaluate the rating of the
corresponding properties. Do similar calcula-
tions for obtaining rating of subcharacteris-
tics and fuzzy rating for the usability.

4. Calculate a crisp usability value by
the defuzzification process.

Table 1. Interactions between usability subcharacteristics and properties
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Time behavior +
Attractiveness +

Likeability +
Flexibility + +

Minimal action + + +
Minimal memory load + + +

User guidance + + + +
Consistency + + + +

Self-descriptiveness + +
Feedback +
Accuracy +

Fault-tolerance + + +
Readability +

Controllability + + +
Navigability +
Simplicity + +
Familiarity +

Guide + +
Demonstrations + +

Help + +

Note that the values of all usability cri-
teria and weights should be quantified in the
range of 0 to 1 and thus normalized if it is
necessary. The overall usability value will
appear in the same range.

At the step 2 it is proposed to evaluate
group TFN of the user’s ratings

XLMUx Î= ),,(~ for measure elements,
where X is a set of triangular fuzzy numbers,
U, M and L denote the largest possible value,
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the most promising value and the smallest
possible value that describes an event of
fuzzy.  There is only one measure element

for each measure.  Such group TFN defines a
fuzzy rating for measure )~(xaijk [7]:

),,,()~( ijkijkijkijk LMUxa = ,ijkijkijk LMU ³³ [ ]1,0,, Îijkijkijk LMU ;                 (3)
( );max )( sijkijk UU = ; ( );min )( sijkijk LL = ;

s
ijkijk s

MM Õ= )( , s – number of users.
Group   TFN  for   expert’s   judgments

(weights) of usability criteria can be obtained
by applying the fuzzy weighted triangular
averaging operator [8]:

,~~~~
2211 tt eweweww ÄÅÅÄÅÄ= K                                          (4)

where tww ~,,~
1 K – corresponding TFN crite-

ria weights assigned by experts tEE ,,1 K ,

respectively; tee ,,1 K – weights  allocated  to
expertsindicatesasis of their knowledge
and/or  experience, 11 =++ tee K ; Ошибка!

Закладка не определена.and Å indicates
fuzzy multiplication and fuzzy addition op-
erators, respectively, and defines as in [12,
13] for real fuzzy positive numbers.

Formula (1) according to step 3 of the
algorithm can be modified:
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where )~(~ xQ   – general criteria for user’s
fuzzy ratings XLMUx Î= ),,(~ , X is  a
set of triangular fuzzy numbers; { }n
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corresponding hierarchical levels; n, m, l –
number of criteria at levels; iw~ , jw~ , kw~  -
corresponding normal TFN for weights of

ia , ija , ijka  criteria.
If fuzzy weights are not normal, than

general formula cannot be applied in the
form (5) and takes the form:
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Many methods have been proposed
in the literature for defuzzifying process
mentioned in the step 4 of the algorithm.
The most prevalent is the centroid method
(also called center of area or center of
gravity) [14]:
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where *z – the defuzzified crisp value of
software usabofity, z is the value on the x
axis, ( )zm  – is the membership function.

As  we  use  TFN  the  appropriate
membership function is triangular:
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where a, b, c – real numerical parameters
and .cba ££

Case study

For the fuzzy evaluation of represented
usability model with the criteria given in ta-
ble 1 and [10], web-browser Chromium 12
has been chosen. The survey inside groups of
10 users and 3 experts was conducted. Users
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were given a questionnaire with specified
justification criteria for usability measure
elements as it says in step 1 of the algorithm.
Triangular fuzzy numbers (sets) for fuzzy
ratings and weights were assigned (Table 2).

For example, there are 4 meas-
ures/measure elements for property “Mini-

mal memory load”: Visual coherence, Task
visibility, Number of images, Number of un-
explained acronyms [10]. The values of
weights and ratings obtained from experts
and users are given in tables 3 and 4.

Table 2.  Values of fuzzification criteria and triangular fuzzy sets for fuzzy ratings and weights
Users’ rating for

measure elements (in
points)

Fuzzy linguistic therms
for users’  rating and
experts’ judgments

Fuzzy ratings Fuzzy weights

1-2 VL (very low) (0.0, 0.1, 0.3) (0.0, 0.0, 0.25)
3-4 L (low) (0.1, 0.3, 0.5) (0.0, 0.25, 0.5)
5-6 M (medium) (0.5, 0.7, 0.9) (0.25, 0.5, 0.75)
7-8 H (high) (0.7, 0.9, 1.0) (0.5, 0.75, 1.0)

9-10 VH (very high) (0.9, 1.0, 1.0) (0.75, 1.0, 1.0)

Table 3.  Users’ rating inputs for “Minimal memory load” measure elements
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 Group TFN

(measure rating)

Visual coher-
ence H H H M  M L H H H H (0.1, 0.76, 1.0)

Task visibility M L M  M H L M  M L M (0.1, 0.56, 1.0)

Number of im-
ages H  VH  H H M  M H M VH M (0.5, 0.83, 1.0)

Number of un-
explained acro-

nyms
M  M L L M  M H M M M (0.1, 0.61, 1.0)

 Table 4.  Experts’ weight inputs for “Minimal memory load” measures

E1

( 5.01 =e )
E2

( 3.02 =e )
E3

( 2.03 =e )
Group TFN

(measure weight)

Visual coherence L L L (0.0, 0.25, 0.5)

Task visibility M M L (0.2, 0.45, 0.7)

Number of im-
ages H H M (0.45, 0.7, 0.95)

Number of unex-
plained acronyms VH H H (0.63, 0.88, 1.0)

Group TFN were calculated according
to formulas (3) and (4). The fuzzy rating for

the Minimal memory load property
according to (5) and (6):

aM = [(0.1, 0.76, 1.0)×(0.0, 0.25, 0.5) + (0.1, 0.56, 1.0)×(0.2, 0.45, 0.7) + (0.5, 0.83, 1.0)×
×(0.45, 0.7, 0.95) + (0.1, 0.61, 1.0)×(0.63, 0.88, 1.0)] / [(0.0, 0.25, 0.5) + (0.2, 0.45, 0.7) +
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+ (0.45, 0.7, 0.95) + (0.63, 0.88, 1.0)] = (0.308, 1.56, 3.15) / (1.28, 2.28, 3.15) =
= (0.241, 0.684, 1.0).

Similarly, the ratings and the weights
of other usability criteria were calculated.
Finally fuzzy rating of usability in TFN form
is:

( )94.0,85.0,732.0)~(~
=xQ .

Defuzzified usability value lies in the
interval [0,  1] and was obtained with (7): z*
= 0.84. The respective membership function
of usability is shown in figure 3, where
( ) ,2.647.81 -=m zz ( ) zz 11.1144.102 -=m

according to (8).

Figure 3.  Fuzzy membership function for Usability

Conclusions
Usability is recognized as an important

software quality attribute due to its social
and technical aspects. Usability criteria are
not easily measured and quantified. Most
assessment techniques are not well inte-
grated and fail to cover all usability aspects.
Only a few methods allow to obtain quantita-
tive data. Moreover, those that do, cover not
all usability subcharacteristics. In the article,
the four-level hierarchical usability model is
represented using subcharacteristics stated in
ISO/IEC 25010. Due to the unpredictable
nature of usability criteria and subjectivity of
experts’ and users’ judgments the fuzzy
multi-criteria weighted average approach has
been used to evaluate usability. Using modi-
fied usability evaluation model described in
the article, usability of software with the
same functionality, basic parameters, similar
structure and operating conditions may be
evaluated. It helps to identify more suitable
software product for a defined set of users in
certain environment.
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