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Abstract — In recent years, development of Open Source Software has obtained significant
importance in the production of software products. Although, developers of Open Source Software
have developed software with functional competitiveness as compared to closed proprietary
software; computer users still prefer closed proprietary software than open source due its
usability strength.

On the other hand, once the usability of OSS is evaluated, it would be easier to develop and
implement an acceptable and qualitative product, since the software usability is considered to be
one of the most important quality factors. Thus, this work proposed a multistage fuzzy model
approach for evaluating the Open Source Software usability, which includes nine usability
characteristics to be taken into account when designing and implementing OSS software. The
model takes a project, developed in MATLAB and quantifies its usability. The Analytical
Hierarchy Process (AHP) technique was employed to verify the proposed model approach and to
rank its usability characteristics. These characteristics are sequenced according to its importance
as follows, learnability, understandability, efficiency, error prevention, memorability, operability,
familiarity, attractiveness, and usability-compliance. Copyright © 2015 Praise Worthy Prize S.r.l.
- All rights reserved.
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An acronym that represents a model to
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An  international  standard  for
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A multi-part standard from
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An international standard for GUI
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from American National Standards
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A high-level computing language for
data visualization, data analysis, and
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Eigenvector of the characteristics'
matrix
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I. Introduction

Open Source Software (OSS) is defined as a computer
software with its source code that is available and
licensed to be used, modified and enhanced by anyone
[1]-[46]. This is granted under the GPL — General Public
License, which allows users to freely customize and
modify various source codes available across the web, as
per their requirements. Primarily, it is developed in a
public, and a collaborative manner [1].

Developed OSS applications can be as influential as
the proprietary software, i.e. Mozilla Web Browser, Open
Office Software, Linux Operating System etc. [2].

Fitzgerald (2006) [20] maintains that, with the
involvement of and acceptance from large commercial IT
vendors, OSS products transitioned from a fringe activity
into the mainstream software culture. However, it is
reality that Open Source Software are often plagued with
poor usability [2]-[4]. End users of many popular Open
Source Software products shared comments that reveal
blend praise of its functionality with criticism of its
usability [3].

Additionally, Hall (2014) [5] indicated that the OSS
usability is often ignored in the development stage.
Since, most of the Open Source Software projects focus
on the software functionality than the user interface [5].

In this respect, poor usability evaluation causes failure
of the software systems that leads to staff unproductivity,
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user dissatisfaction, a substantial monetary loss, and time
waste [4]. On the other hand, Software usability is an
important factor in quality assessment of a software
product. Therefore, if the usability of Open Source
Software is evaluated, it would be easier to develop an
acceptable and qualitative products. With the passage of
time, this concept is gaining importance and being
adopted by individuals, small and large enterprises.

There have been several attempts to evaluate the
usability of software in the past [6]-[11]. Most of these
studies have considered the software usability evaluation
after the software implemented and deployed. Some
other researches have provided usability principles as set
of intermediate artifacts with regard to the compatibility
to a set of guidelines.

Since the traceability between such artifacts and final
software has not been established well. Solving this
problem lies in using a model-driven engineering
approach due the realistic traceability mechanism.

Therefore, the work has been done to propose a
multistage fuzzy model approach to evaluate and
quantify the usability of OSS [6]. This includes factors
that should be considered when designing and
implementing an OSS.

It gathers three main contributions including: the
conceptual model that provides requirements for
developing an OSS with desired usability; adapting and
introducing nine usability characteristics in the OSS
context; and early wusability evaluation through
quantifying the usability characteristics of conceptual
model. Software usability is defined as the degree to
which a product can be used by particular users to
achieve specified goals with effectiveness, efficiency and
satisfaction in a given context of use [12].

It could be extracted from previous definition that,
there are several usability characteristics that have
affected the software usability [13]. Therefore, in order to
propose a model in order to evaluate usability of Open
Source Software; and to clarify the contributions of this
study, the literature on software quality and software
usability has been conducted in the next section.

II. Literature Review

As previously mentioned, in this section the literature
on software quality and usability has been reviewed, in
order to propose a model to evaluate the usability of
OSS. In the field of software quality and software
usability measurement such related issues such as
usability related concepts, usability characteristics, and
usability sub-characteristics, there is one point on which
researchers generally agree: there is no well-defined
model that has been proposed to evaluate and quantify
software usability [9], [13], [20].

Open Source Software shares an effective and simple
development model, which grows on the basis of a
community of developers who share their application
codes, leading to expansion of this concept in software
usability.
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Moreover, it is not limited to a set of development
concepts, as pretty much desktop, web and server
applications are utilizing this medium.

Well-known quality models including McCall,
Boehm, FURPS, Dromey, and ISO/IEC 9126 presented
the software usability as an important characteristic in
improving software acceptability and reliability, and user
satisfaction [16], [43], [44], [45]. These quality models
have also provided various sub-characteristics to measure
the software usability e.g. understandability, learnability,
operability, attractiveness, and usability compliance [13]-
[16].

Eason (1984) [17] classifies the software usability in a
structured set of characteristics and sub-characteristics as
follows: task characteristics, system characteristics, and
user characteristics. Where, the task characteristics
category has been decomposed into two attributes
including frequency and openness [17]. System
characteristics category consists ease of learning, ease of
use, and task match. Finally, User characteristics
category includes discretion, motivation, and knowledge.
Shackel (1991) [18] illustrated the importance of
usability engineering and relativity of its concepts.

He measured the usability of software through
effectiveness, learnability, attitude, and flexibility. Later,
Nielsen (1993) [19] introduced the software usability as
an important characteristic that affect the software
acceptance. He mentioned that the software usability is
too abstract for a term to be directly evaluated.

Therefore, five sub-characteristics had been given

learnability, efficiency, memorability, errors, and
satisfaction. ISO  9214-11 provides three sub-
characteristics to evaluate the software usability,

including effectiveness, efficiency, and satisfaction.
Table 1 summarizes the characteristics that used to
measure the software usability. In addition to the fuzzy
of usability characteristics, the generality of previous
quality models means that further analysis and mapping
of usability characteristics is required.

TABLEI
USABILITY CHARACTERISTICS

Shackle
model

Nielsen
model

Eason
model

Quality

Characteristics
models

Frequency
Openness
Knowledge
Motivation
Discretion

Ease of learning
Ease of use

Task match
Effectiveness
Learnability
Flexibility
Attitude
Efficiency
Memorability
Errors
Satisfaction
Understandability
Operability
Attractiveness
Usability compliance
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This leads to the usability characteristics cannot be
measured directly, but it should be evaluated in terms of
characteristics objective and software [17]. This includes,
the context of evaluation should be taken into
consideration, before determining on specific usability
characteristics to be used [21], [22].

In the same regard, according to Benson et al., 2004
[27] the OSS usability related issues are not the same as
those for closed proprietary software. Therefore, the
proposed fuzzy usability model describes the features; of
Open Source Software and the usability characteristics
that are related to such features.

III. Characteristics Affecting

OOS Usability
Existing  quality models provide  usability
characteristics that are general and common for

evaluating the usability of every type of software
product. However, each software type has its own
characteristics [19]. Therefore, the existing usability
characteristics should be modified and extended
according to the nature of a new software being
evaluated. This includes, redefining some characteristics,
eliminating others, and introducing new usability
characteristics.

Therefore, totally nine usability characteristics have
been refined and introduced in this section according to
the Open Source Software nature and its features. Eight

usability characteristics are adapting: learnability,
understandability, efficiency, memorability, error-
prevention, operability, attractiveness, and usability

compliance; and new one has been introduced namely
software familiarity.

Learnability is defined as the capability of software to
enable users to learn the main software functionality and
to obtain proficiency to complete a task [23]. In Open
Source Software context, the learnability could be
evaluated by measuring the time a user needs to perform
a task in the time an expert would take to complete the
same task.

Understandability refers to the capability of a
software product to enable the user to understand
whether the software is suitable, and how it can be used
for particular tasks and conditions of use [24]. In this
respect, in addition to the purpose of Open Source
Software, all of the design and user documentations must
be clearly written, so that it is easy to understand.

Efficiency is described as the number of tasks that a
user can perform using a software per unit [25], [26]. It
could be measured by the task completion rates and task
completion time. The more efficient Open Source
Software is the faster users can perform a task and
complete a task. This is among the major characteristics,
as a reason of this concept gaining popularity.

Memorability is related to the capability of a software
to enable users to use the software when they return to it
[14]. The importance of memorability for Open Source
Software is some Open Source Software i.e. operating
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systems (Linux) are quite complicated, so the high
memorability software enables users to use such
applications when they come back to them. The
memorability characteristic is influenced by variety
factors. For instance, an action makes the users have a
reaction, if this reaction leaves the users with a good
feeling they will not forget it.

The Errors Prevention characteristic refers to the
number of errors a user makes while performing a task
rather than the software [27]. Low error rate while Open
Source Software being used implies a good usability. On
the contrary, high error rates, a low efficiency and
satisfaction [28]. In the same respect, proper design of
error message is an important topic in software usability.

Therefore, many factors should be taken into account
to make such error messages helpful to the users. Among
these factors are the error message should exist, the
message should understandable, the message should be
precise, the message should be correct, and the messages
should be consistent. Furthermore, error prevention
improvises time consumption while the development
processes [29].

The Operability characteristic is related to the
capability of software to enable the user to operate and
control it [14]. There are many factors that affect the
software operability: suitability of the software
components for a task, self-descriptiveness of the
software components, the controllability of the software
components, the conformity of the software components
with users’ needs, error tolerance of the software
components, and suitability of the software components
for individualization [14]. Therefore, all of these factors
should be considered while OSS is being developed.

Attractiveness refers to the capability of software to be
attractive to its users [30]. According to Maedche eat al.,
2012 [30] the software attractiveness has been influenced
by pragmatic and hedonic factors perspicuity, up-to-
datedness, aesthetic, simulation, and novelty.

Thus, the user interface of Open Source Software
including windows, menus, bars, messages... etc. should
be consistent, aesthetic and visually attractive.
Additionally, it is worth to mention that, due to the
accessibility of Open Source Software code, users would
have an ability to change the user interface components
according to their desires.

Usability compliance is defined as the capability of a
software to adhere to standers, conventions, style guide,
or usability regulations [14]. The evaluation of OSS
usability compliance with ergonomic standards cannot
determine the quality of the OSS, but it determines
whether the OSS meets the usability requirements and
recommendations that found in various ergonomic
standards, laws, or/ and style guides. Among such
standards are ISO 9241, ISO 14915, ISO 16071, ISO
23973, ISO/IEC 11581, ISO/IEC 18035 & 18036, ANSI
CIF, and HFES/ANSI 200 [47].

Familiarity is another factor that affects the software
usability [11]. According to Seffah eat al., 2006 [31] the
familiarity refers to the capability of the software’s
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interface to provide recognizable elements that can be
understood by the user. In the user interface context,
most of the computer users are familiar with the closed
proprietary software such as Mac, Windows, and
Microsoft internet explorer... etc.

Therefore, in order to improve its usability, the user-
interface of Open Source Software should be designed in
some way to be like components of common proprietary
software. Furthermore, the familiarity could be obtained
by information that provided by external resources such
as advertising and word-of-mouth [32].

IV. Multistage Fuzzy Model Approach
for OSS Usability

Although the literature of software usability provides
many ways and methods to evaluate software usability,
there is no exact approach to do so. Further, evaluation of
software usability is depend on various characteristics,
which are fuzzy in nature. Therefore, a new multistage
fuzzy model approach for evaluating usability of OSS is
presented in this paper. The advantage of using fuzzy
logic is that it provides a convenient way to transform
knowledge expressed in a nature language into fuzzy
logic rules [31]. Multistage Fuzzy Model approach
assists in decision making and control in Fuzzy-based
techniques. It should be noted that, fuzzy based
approaches divided into two approaches, including fuzzy
traditional approach and the fuzzy reasoning approach
[31]. In the next sections, a motivation of using the fuzzy
reasoning approach in this paper is explained.

IV.1. Fuzzy Traditional Approach

Fuzzy traditional approach assesses software usability
using all inputs (usability characteristics) by simple if-
then-rules [31]. Fig. 1 presents the traditional fuzzy
approach block diagram of OSS usability.

The model in Fig. 1 considers all the characteristics as
inputs, In order to rank the OOS usability. This leads to
generate too many rules. It is so difficult for experts to
properly consider and formulate such rules [33]. Since in
the simplest case, each input has three linguistic values
(High, Moderate, and Low). Hence, OSS with nine
usability characteristics will have a maximum number of
3°= 19683 rules. A MATLAB-Fuzzy Tool Box could not
be used to implement such fuzzy model approach.

Since a number of inputs in the MATLAB is limited
to two. So the solution of this problem lies in using stage
wise fuzzy reasoning approach which reduces the
number of rules by dividing software into several fuzzy
interface stages [6], [34] and effectively measure the
usability of Open Source Software.

IV.2. Fuzzy Reasoning Approach

The proposed model is based on dividing the usability
characteristics into three groups. Using stage wise fuzzy
reasoning approach will also make MATLAB usage
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possible, since the number of inputs is limited to two in
each stage. The first group includes the characteristics
that reflect the capability of software to enable users to
perform tasks. These characteristics are learnability,
understandability, memorability, operability,
attractiveness and familiarity [14], [30]. The second
group comprises two characteristics, namely efficiency
and error-prevention. It should be noted that, these
characteristics are related to the users’ capability to
perform the tasks [25]-[27], [32].

Finally, the third group involves one characteristic
which is usability compliance [14]. This characteristic is
related to the software components. Table Il shows the
grouping of the grouping proposed model characteristics.

| Database | | Rules Base |

|

Learnability
Understanability 1
Memorability |
Fuzzification | | Interface | | Defuzzification
Operability Module Engine Module
Attractiveness

Fig. 1. Traditional fuzzy model approach of OSS usability

|  Usability

TABLE Il
GROUPING OF CHARACTERISTICS

Group Critical Element

Software-capability  learnability, understandability, memorability,
operability, attractiveness, and familiarity
User-capability Efficiency, and error prevention

Software-components Usability compliance

Hence, OOS usability can be divided into multiple
thought process. Learnability and understandability are
used in fuzzy reasoning to determine intermediate
parameter (UA1), Memorability and operability to
determine another intermediate parameter (UA2),
attractiveness and Familiarity to determine (UA3).

In the same way, the characteristics of the second
group (efficiency and error-prevention) are used the
fuzzy reasoning to determine new intermediate parameter
(T) as shown in Fig. 2(a), which is later combined with
the third group characteristic (usability-compliance) to
determine new output parameter namely UAS.

Consequently, both UA3 and AUS5 are used to
generate new output parameter (UAT) see Fig. 2(b).

Similarly, the output parameters UAL1 and UA2 are
combined to generate UA4 as new intermediate
parameter which is later combined with UAT to get final
output parameter (OSSU) Fig. 2(c).

IV.2.1. Fuzzification

The Fuzzification process converts crisp input values
into the degree of membership using membership
function.
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Where, the membership function is defined as a curve
that defines each point in the input space is mapped to a
degree of membership of fuzzy set [35]. In the proposed
model, linguistic terms have been used to represent all
inputs and outputs. These linguistic terms are represented
by membership functions. In this study the triangular
type membership function has been used to model the
membership degree of all input and output variables [37].
The range of input variables including learnability,
understandability, efficiency, memorability, operability,
error-prevention, attractiveness, familiarity, and usability
compliance are represented as High, Moderate, and Low.
In order to have a high accurate results, five membership
functions Very High, High, Moderate, and Low have
been used for the output parameters as shown in Fig. 3.

FIS Editor: T1 - 2 Em
File Edit View |
\ .
eficiency
/ (mamdani)
XX T
EUDFD[EVEMIDH
‘ FIS Name: Y] FIS Type: mamdani
And method min + | [current variable
Or method o || Name T
Impiication — milels B
Range o1
Aggregation max -
Defuzzification centroid @ ‘ Help | Close \‘

Fig. 2(a). Learnability and usability fuzzy reasoning

FIS Editor: UAT2 - B
File Edit View
us \ UAT2
/ (mamdani)
Xx AUT
AU3
‘ FIS Name: UAT2 FIS Type: mamdani
And method it + || Cument Variable
T max o | [Name AUS
Implication min o || Tvee mpl
Aggregation max o || Fange 1010]
T [ ‘ Help | Close \|
Fig. 2(b). AU5 and AU3 fuzzy reasoning
FIS Editor: OSSU2 - olEl
File Edit View
UAT Qossuz2
/ (mamdani)
ﬂ 0ssu
uA4
| FIS Name: 0ssu2 FIS Type mamdani
And method = « || Current Variable
Or method o0 | || Name
Implication min o || Tee
Range
Aggregation max -

Fig. 2(c). UAT and usability UA4 reasoning

Copyright © 2015 Praise Worthy Prize S.r.l. - All rights reserved

1022

Membership Function Editor: UA4 - OB “
File Edit View
FIS Variables Membership function plots plot points: 181
Low Moderate High Very,igh
XXy ]
FAYAN
UA1 UAd
uAz 1
1 2 3 4 5 3 7 8 9 10
utrust wariabla "11A4"
Current Variable Current Membership Function (click on MF to select)
Name U4 Mame Low
Type output Type trimf v
Range [010] Params [01.25 2.5]
Display Range [0 10] ‘ Help Close |

Fig. 3. Fuzzified output parameters

1V.2.2. Approximate Reasoning

An approximate reasoning is a process that formulated
for inference to deal with ambiguous cases. It involves
sub-process such as fuzzy control rules and fuzzy
inference engine [31]. Fuzzy rules are linguistic IF-
THEN constructions that are used to represent the human
knowledge. These constructions have the general form of
IF premise THEN consequence [38]. The usage of fuzzy
rules exploits the tolerance of imprecision and
uncertainty. This will improve the ability of human to
summarize data and focus on decision-relevant
information. In this study, a survey of 10 experts
including academics, software developers, researcher
scholars, and OSS usability experts has been done to
finalize the fuzzy control rules. Fig. 4 shows the fuzzy
rules of FIS1.

- o IEl

Rule Editor: UA4

File Edit View Options

3.1 (UAT is Low) and (UA2 is High) then (UA4 is Moderate) (1) ~
4. If (UA1 is Low) and (UAZ2 is Very_High) then (UA4 is Moderate) (1)

5. I (UAT is Moderate) and (UA2 is Low) then (UA4 is Low) (1)

6. I (UAT is Mod and (UAZ is Moderate) then (UA4 is Mod 4]

7.1 (UAT is Moderate) and (UA2 is High} then (UA4 is High) (1)

8. I (UAT is Moderate) and (UA2 is Very_High) then (UA4 is High) (1)

9_1f (UAT is High) and (UAZ is Low) then (UA4 is Moderate) (1)

10. If (UAT is High) and (UAZ2 is Moderate) then (UA4 is High) (1)

11 If (UAT is High) and [UAZ is High) then (UA4 is High) (1)

12 1f (UA1 is High) and (UAZ2 is Very_High) then (UA4 is Very_High) (1)

13. If (UAT is Very_High) and (UA2 iS Low) then (UA4 is Moderate) (1)

14. If (UA1 is Very_High) and (UAZ is Moderate) then (UA4 is High) (1)

16. If (UA1 is Very_High) and (UAZ is High) then (UA4 is Very_High) (1)

16. If [UAT is Very High) and (UAZ is Very_High) then (UA4 is Very_High) (1) v

If and Then
UA1is UAZ is UAd is

~ ~
Moderate Moderate Moderate
High High High

Very_High
none none none

Fig. 4. Fuzzy control rules of output parameters

As  previously mentioned, learnability and
understandability are the input parameters of first FIS
and UALI is gotten as an output parameter. Additionally,
the fuzzy linguistic values of High, Moderate, and Low
are assigned for the input parameters. Whereas, Very
High, High, Moderate and Low are some of the output
parameters. As seen from Figure above sixteen rules
have been derived from the collected knowledge for the
output of first FIS. E.g. if the rating for learnability is
high and low for understandability then the overall rating
of the output parameter will be moderate. Similarly, the
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rules of rest eight FISs have been framed.

V. Simulation of Multi Stage Fuzzy

Approach Model for OSS Usability

The present work has been done, in order to propose a
new multistage fuzzy approach model to evaluate the
usability of Open Source Software. This proposed model
allows to pass the fuzzy control rules to another as fact
through intermediate variables (the output parameters).

In this section, the MATLAB Simulink Software is
used to simulate and link all proposed model stages. In
the other words, the fuzzy logic controller is used to link
all FISs through passing the value of intermediate
variables to another as shown in Fig. 5. To validate the
proposed multistage fuzzy model approach, a simulation
has been done using different sets of critical element
rating see Table III. Considering the scenario in the
previous table, the proposed multistage fuzzy model
approach has rated the UA1, UA2, AU3, and T as 6.14,
6.14, 8.62, and 3.63 respectively. The value of T
parameter has been passed and combined with the rating
of usability compliance to rate the output parameter
(UA5) as 3.6.

Similarly, the rating of UA1 and UA2 have been
combined to rate UA4 as 6.13, using the fuzzy rules
which were determined in fuzzification stage. Later, the
UA3 and UAS ratings are combined to rate UAT
parameter as 6.13. Finally, the ratings of UAT and UA4
passed to the OSSU controller in order to generate the
rating of overall OSS usability (6.14), then this rating has
been converted to a crisp value using the MATLAB
function (6).

VI. Validation of Proposed Model

A standard Analytical Hierarchy Process Technique
(AHP) has been applied to validate the proposed model
and to rank the usability characteristics. The AHP is a
multi-criteria decision making method that was proposed
by Thomas L. Saaty in 1980 [35], [36].

A survey of twenty computer science graduate
students has been done to collect data, which later used
with the AHP technique to evaluate the Open Source
Software usability model and to rank the factors of such
model.

All students have 2 to 3 years of experience using
Open Source Software Linux, open office and other open
source applications.

—3 ]
Diplayt
A
X (e BEpladt
|
L
A
-
Al ackiren o A — ] MATLAS Fuechien beplad
A [ :
Daplz
Famisiy ." iad
L Dl
Effestrey UaT
Ermei_pr evardan I8E
Deples
i abeiily C smplairoe
Fig. 5. Stage Wise Fuzzy Approach Model of OSS Usability-Simulink Model
TABLE III
SIMULATION DATA
Critical element Rating Stage wise fuzzy model output Final Rating
UAL | UA2 | UA3 T UA4 | UAS | UAT | OSSU
Learnability 5 6.14
Understandability 7 )
Memorability 5 6.14 6.13
Operability 7 ) 6
Attractiveness 7 6.14 HIGH
PP 8.62
Familiarity 7
Efficiency 5 163 6.13
Error-prevention 5 ) 3.6
Usability compliance 3
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TABLE IV
CHARACTERISTICS VALUES USING AHP TECHNIQUE
L U EF ME ER 6} A ucC F Oth W AW Lamda
L 1.00 1.66 3.43 4.02 3.98 5.00 5.80 6.00 4.57 3.47 0.2729 2.70 9.88
8] 0.60 1.00 2.51 3.97 3.87 5.10 6.60 6.50 4.50 3.05 0.2402 2.30 9.58
EF 0.29 0.40 1.00 3.28 3.00 4.53 5.60 5.70 3.82 2.05 0.1612 1.58 9.83
ME 0.25 0.25 0.30 1.00 0.73 3.80 5.00 5.30 1.83 1.11 0.0874 0.86 9.84
ER 0.25 0.26 0.33 1.37 1.00 391 4.72 5.00 1.38 1.16 0.0913 0.89 9.80
(6] 0.20 0.20 0.22 0.26 0.26 1.00 4.06 5.00 1.54 0.64 0.0504 0.52 10.38
A 0.17 0.15 0.18 0.20 0.21 0.25 1.00 4.50 0.58 0.37 0.0291 0.31 10.54
ucC 0.17 0.15 0.18 0.19 0.20 0.20 0.22 1.00 0.47 0.25 0.0195 0.20 10.46
F 0.22 0.22 0.26 0.55 0.72 0.65 1.72 2.12 1.00 0.61 0.0481 0.44 9.17
Total 12.70 1.0000 9.81 9.94

The survey consists of 36 comparison pair wise
questions to compare nine usability characteristics with
each other, in order to determine that which characteristic
is more important and gets more priority for Open Source
Software.

The mean of each question’s responses to the pairwise
weight values of the main usability characteristics are
filled in a square matrix Table I'V.

After getting the pairwise relative weight values of the
usability characteristics, the nth root has been calculated
by multiplying all row values and then taking the (1/9)"
root of each usability characteristic [24].

As also mentioned in Table IV the nth values of the
usability characteristics model are, for learnability (3.47),
for understandability (3.05), for -efficiency (2.05),
memorability (1.11), for error-prevention (1.16), for
operability (0.64), for attractiveness (0.37), for usability
compliance (0.25), and for familiarity (0.61). The sum of
these values is 12.7. Next Eigen Vector (w) has been
calculated by dividing the nth root value of each
characteristic by the sum of all nth root values of the
characteristics [39]. It could be seen that, the eigenvector
of relative importance or in the other words the weights
of the main usability characteristics of Open Source
Software from the students’ perspective as the following:
learnability (0.27), understandability (0.24), efficiency
(0.16), error prevention (0.091), memorability (0.087),
operability (0.05), familiarity (0.048), attractiveness
(0.029), and usability compliance (0.019).It is worth to
mention that, the summation of eigenvector values is 1.0,
hence the comparison values for the usability
characteristics are right [19].

Thus, from students’ perspectives learnability of the
OSS is the most important one over other usability
characteristics, followed by understandability, efficiency,
error-prevention, memorability, portability, familiarity,
attractiveness, and finally the usability compliance is less
important [40]. These results provide more than ranking.
In fact, the relative weights are a ratio scale could be
divided among such usability characteristics.

Human judgment is not always consistent, thus in
order to check the consistency of participants’ answers,
the Consistency Index (CI) and Consistency Ratio (CR)
must be obtained, Egs. (2) and (3).

To do so the eigenvalue is required, Eq. (1) [39]:

A= Amax w, and Amax >n (1)
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where A eigenvalue; and n is represents the number of
elements to be compared. The difference between 1 and
n is an indication of judgment consistency:

CI:lmax—n @)
n-1
CI
CR=— 3
71 (3)

where CR is the average of consistency index and should
satisfy the condition of CR <=0.1.

For this study, all the values of the eigenvalue have
been mentioned in the Table IV. These values reveal that
A value has satisfied the condition of 4 >n, (9.94 >9).

Consequently, by applying Egs. (2) and (3), CI= (9.94
—9)/8=0.1175 and CR= 0.1175/1.45= 0.081, is being
content with the condition of CR < 0.1 [39].

VII.

Fuzzy logic allows infinite intermediate logical values
between the false and true. Another study in this regard
represents mapping of analytical tools for modeling and
computational treatment of Fuzzy Systems.

This mapping showed the existence of relationships
and the appropriateness of using the Fuzzy Theory in
building models for solving problems involving
dynamical systems and, in particular, of Chaotic
Dynamical Systems [33]. It was proposed to differentiate
between two types of Dynamic Fuzzy Systems that is
Intrinsic Fuzzy Dynamical Systems and Dynamical
Systems Fuzzy Extrinsic. Dynamic systems were used in
Fuzzy modeling for trajectories of fixing problems in
chaotic systems.

Case studies were developed that allowed to verify
through simulations and tests in billiards Chua circuit
(the latter implemented in physical prototype) the
appropriateness of using this technique in solving these
problems. Similarly, the qualitative research presented
here aims to discuss the value and role of fuzzy logic in
solving real problems, given the characteristics of its
tools to deal with subjective questions, since the
troubleshooting from the real world are loaded
relationships built in the inner world of the resolver are
from the subjectivity of the subject resolver [41].

Contribution to the Study
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Further studies conducted to determine one of the
goals of modern-day open system and to answer the
questions: What are the theoretical assumptions of fuzzy
theory and what possibilities recognition of their value
and their role in software development education?
Software development and relative reliability linked with
fuzzy reasoning.

Without a doubt, Fuzzy control systems have been
widely used in process control industry. Normally
controlling analog variables, such as pressure,
temperature, flow, position and velocity. However, the
use of this topology in the Information System and
Software Development field is relatively new.

VIII. Conclusion

This paper proposed a new multistage fuzzy model
approach for Open Source Software usability. This
model enhances the usability of Open Source Software
by adapting and quantifying nine usability characteristics
in the Open Source Software context. These
characteristics include learnability, understandability,
efficiency, error-prevention, memorability, operability,
attractiveness, and usability-compliance. Based on the
fuzzy control rules that generated from experts’
knowledge, and by using the MATLAB Software, the
proposed model evaluates and quantifies the usability of
OSS.

In order to evaluate the validity of the proposed
usability model and ranking its characteristics, Analytic
Hierarchy Process (AHP) has been applied. Pairwise
relative weights of characteristics have been taken
through a survey of twenty graduate students.

The results have revealed that the proposed model is
vailed for this context and sequence the usability
characteristics of this model according to their
importance as follows: learnability, understandability,
efficiency, error prevention, memorability, operability,
familiarity, attractiveness, and finally usability-
compliance [42]. Hence, these results should be taken
into account as usability requirements when open source
applications being designing and implemented.
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