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     Abstract—The purpose of this study is to quantify the 
quality of the Arabized open source software with respect to its 
original version in the Arability framework, which aims to 
control the quality of Arabic and Arabized software. As a case 
study, the Arability degree of usability for the open source 
PhpMyBibli integrated library system (OS PMB ILS) is 
computed based on responses collected via a questionnaire 
from Arab librarians who either use the original French PMB 
or test the underdeveloped Arabized version. The usability of 
the original and Arabized PMB is quantified using the ISO 
quality model and fuzzy multi criteria technique. Then the 
Arability degree of usability for Arabized PMB is computed. 
The results show that the quality of the Arabized PMB does 
not match that of the original and it requires some 
improvement. Therefore, this paper offers an approach to 
quantifying Arability degree of usability for Arabized open 
source software. 

Keywords— OS ILS; usability; PMB ILS; Arability degree; 
Arability model; Arability. 

I.  INTRODUCTION 

Because of the weakness of Arabic software 
industry, the Arabic software market has been 
struggling to compensate by using Arabized open 
source software (Arz-OSS). This creates a huge 
challenge. Specifically, does the quality of Arabized 
software match the quality of the original? Arability is 
the only model that considers this challenge. The 
Arability framework was suggested in [1] to control 
the quality of Arabic and Arabized software. Arability 
as term is a compound noun comprised of the first two 
letters of the word “Arabic” and the suffix “ability” 
[1]. The Oxford dictionary states the meaning of the 
suffix “ability” as “the quality of being able to be or 
having to be” or “the fact of having the quality 
mentioned.” [2]. Hence, the Arability of software is 
defined as “the quality of software of being able to 
adopt an Arabic character or having the quality of an 
Arabic character [1].”. One of the scenarios that 
Arability framework deals with is Arabization. It 
subdivides Arabization into three phases: pre-
Arabization, Arabization itself and the post-
Arabization [1]. The last phase relates to the evaluation 
of produced Arabized software. The following 
explains this phase: “After the Arabization phase is 

completed, the quality of the produced software shall 
be evaluated. The evaluation process requires 
evaluators, standards and mathematical approaches to 
quantify the software quality attributes. Evaluators can 
be users of the produced software, acquirers, and 
developers of software or independent evaluators. 
Evaluation shall trace all drawbacks of the previous 
two phases of Arabization. Hence, the quality of the 
Arabized software can be enhanced based on 
evaluation results. The quantified quality of software 
shall be called “Arability degree” which can be 
calculated in various ways depending on the 
evaluator’s decision [1].” Arability degree can be 
calculated to evaluate the overall Arabized software 
quality or for selected software quality attributes 
depending on the evaluator’s point of interest. For 
example, the usability quality attribute is often point of 
interest because it’s an important criterion of judging 
the performance of any software [3].  “The ability of a 
system to carry out specific tasks by specific users in a 
specific context. [4]” is the most common definition of 
usability. Usability can be evaluated with different 
methods such as inspection, inquiry and testing, and it 
can be quantified using many techniques; the fuzzy 
approach is one of them. In fact, fuzzy multiple criteria 
weighted average approach has been used to quantify 
usability in many research studies, such as [5] and [6]. 
The reason behind using this approach is that fuzzy 
logic can deal with uncertain situations and problems: 
“This approach has been chosen due to the highly 
unpredictable nature of the attributes on which 
usability depends [6].” 

In this paper, we quantified the Arability degree of 
usability quality of an underdeveloped Arabized version of 
PMB as a case study using the fuzzy technique. PMB is a 
free open source integrated library system that offers 
cataloging, circulation, acquisition, SDI, reporting, OPAC, 
among other functions, [7] , [8].  

II. ARABILITY MODEL AND ARABILITY DEGREE 

The Arability model helps to set the rules for enhancing 
the quality of Arabic and Arabized software based on the 
challenges facing them. It formulates Arabic software 
production and Arabization processes. It also offers the 
guidelines, which help to improve the performance of this 
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software and reduce flaws and errors during operation. 
Hence, the quality of the produced software is enhanced. 
Moreover, the Arability framework helps to break down the 
barriers, the Arabic software industry faces in different Arab 
countries. This makes Arabic innovation and development in 
this field occur faster and more efficient. 

Efficiently, Arability degree is a term described in the 
Arability model. It is the resulting quantified value of quality 
for Arabic and Arabized software. Arability degree is 
mentioned in the Arability model as a suggested way to 
quantify the result of software evaluation, which is indeed 
the quality of the produced software is as following: “a 
suggested simple way to calculate Arability degree of 
Arabized software is to find the difference between the 
quantified quality measures of software and its Arabized 
version. The less the difference, the more Arability degree 
increases and the software is more Arable…The Arable 
software is the software which has the quality of being able 
to adopt an Arabic character or having the quality of an 
Arabic character [1].” In other words, Arability degree of 
Arabized software is the degree to which the Arabized 
software matches the original . It can be calculated for some 
select quality characteristics of software or for all of them 
depending on the evaluator’s point of interest. 

III. USABILITY AND ISO/IEC 25000 SERIES 

The series of standards ISO/IEC 25000 is a framework 
for the evaluation of software product quality. Usability is 
one of the software quality characteristics described in 
ISO/IEC 25010, defined as: “Degree to which a product or 
system can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a 
specified context of use [9].” According to ISO/IEC 25010 
usability is composed of six subcharacteristics. The first is 
appropriateness recognizability which is defined as “degree 
to which users can recognize whether a product or system is 
appropriate for their needs [9].” The second is learnability 
which is stated as “ degree to which a product or system can 
be used by specified users to achieve specified goals of 
learning to use the product or system with effectiveness, 
efficiency, freedom from risk and satisfaction in a specified 
context of use [9].” The third is operability, which is “the 
degree to which a product or system has attributes that make 
it easy to operate and control [9].” The fourth is user error 
protection, which is “the degree to which a system protects 
users against making errors [9].” The fifth is user interface 
aesthetics which is defined as “the degree to which a user 
interface enables pleasing and satisfying interaction for the 
user [9].” The final is accessibility, which is “Degree to 
which a product or system can be used by people with the 
widest range of characteristics and capabilities to achieve a 
specified goal in a specified context of use [9].” To measure 
and find these subcharacteristics, an evaluator can use 
measurement functions described in ISO/IEC 25023. One 
can also test the subcharacteristic elements described in 
ISO/IEC 25023 via a common usability evaluation method 
such as questionnaires and interviews. Apart from ISO 
measurement functions as a way to quantify usability 
subcharacteristics, fuzzy logic can also be implemented in 

this case using the data from the selected usability evaluation 
method for the fuzzy system. Then, one can quantify 
usability through fuzzification and defuzzification.  

IV. THE IMPORTANCE OF FUZZY LOGIC IN QUANTIFYING 

ARABILITY DEGREE 

Some variables cannot be modeled and understood using 
classical Boolean logic, in which their truth values may only 
be true or false, or one or zero. Fuzzy logic plays an 
important role in systems including variables, where the truth 
values can assume a range of values, not a singular one [10]. 
Fuzzy system maps input values to output values, but unlike 
the common algebraic functions, a single input can be 
mapped to more than one output [11]. Moreover, the input 
and output of a fuzzy system can be linguistic, unlike 
algebraic functions, which only involve numbers. Fuzzy 
systems play a vital role in the interpretation of qualitative 
data, especially where humans are involved such as in 
biological medical, social, economic and political systems 
[11]. Therefore, the fuzzy technique can be used in the 
interpretation of questionnaires since they involve linguistic 
terms and variety humans’ opinions. For example, it was 
used in [12] and [13] to analyze the input data of 
questionnaires for wheelchair users and professors, 
respectively. 

In this paper, similarly, a questionnaire was given to 
Arab users to rate the software from their point of view and 
based on their preferences. Fuzzy logic was a great tool to 
interpret such uncertain qualitative data and then produce a 
simple numeric number, to represent the quality of the 
Arabized software from the Arab user’s point of view. In 
other words, fuzzy system can play a great role in 
quantifying the usability of software. Since the quantified 
usability value is very important in computing Arability 
degree of usability for Arabized software and the fuzzy 
technique is useful in quantifying usability, then fuzzy 
technique can be a significant tool in quantifying Arability 
degree. 

V. METHODOLOGY 

The purpose of this paper is to make an approach to 
quantify Arability degree of usability for an Arabized OS 
ILS. The suggested approach consists of three steps; the first 
is to select usability evaluation method, the second is to 
select a technique for quantifying the usability and find the 
quantified values of usability of original OS ILS and its 
Arabized version. Finally, the difference between the 
quantified values of usability for original software and its 
Arabized version can indicate the Arability degree of 
usability quality of the evaluated software. In other words, 
the Arability degree of software usability answers the 
following question: What is the software usability degree 
from the Arab users’ and Arab communities' point of view? 
The numerical value of Arability degree of usability gives 
the evaluator an insight into how good the OSS is for Arab 
users. Moreover, the more analytical mathematical approach 
is used in quantifying usability quality, the more the defects 
and errors of Arabized software can be traced. Therefore, the 
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Arabized version can be enhanced based on the evaluation 
results. 

A. Usability Evaluation Method 
Since this study aims to get Arab librarians' point 

of view on the usability quality of OS ILS to reveal  
issues that weren't been considered by developers of 
both original and Arabized versions for the selected 
OS ILS, a questionnaire is selected as the usability 
evaluation technique. Questionnaires are known for 
their simplicity, cheapness and ease of administration. 
This questionnaire highlights the subcharacteristics of 
usability and its measures according to ISO/IEC 
25023. In other words, the target audience for the 
questionnaire was asked about the rating of each ISO 
quality measure of usability. The target audience was 
comprised two sample groups of able-bodied expert 
Arab librarians who were 25-55 year old females and 
males. The first group was composed of ten expert 
librarians who use the original version of PMB 
(version no. 4.0.13) in their libraries and the other 
consisted of 10 Arab expert librarians who are testing 
the underdeveloped Arabized version of the same 
software. The target groups from different Arab 
countries were asked to fill out online questionnaire 
form of scalar closed ended questions. They had to 
choose among five pre-set responses which were Very 
High (VH), High (H), Medium (M), Low (L) and Very 
Low (VL). 

B. Usability Quantification 
The fuzzy multi criteria technique has been chosen to 

quantify the usability because of its simplicity, flexibility and 
tolerance of imprecise data [11]. The mathematical 
procedure of fuzzfication and defuzzification is done as 
follows [5]: 

First step: Define fuzzy values: Fuzzy values were 
assigned to real time values: Very High (VH), High (H), 
Medium (M), Low (L) and Very Low (VL). 

Second step: Allocate fuzzy weight and rating for each 
fuzzy value: The fuzzy rating and weight were set for VH, H, 
M, L and VL as shown in table I. The triangular Fuzzy rating 
and weights have been set in the range from zero to one. 
Thus, the overall rating and weight of each element 
maintains its quantified value in the same range.   

TABLE I.  TRIANGULAR FUZZY SETS FOR FUZZY RATING AND 

WEIGHTS [6] 

Fuzzy Weight Fuzzy Rating Fuzzy Value 
(0.00, 0.00, 0.25) (0.0, 0.1, 0.3) VL 

(0.00, 0.25, 0.50) (0.1, 0.3, 0.5) L 

(0.25, 0.50, 0.75) (0.3, 0.5, 0.7) M 

(0.50, 0.75, 1.00) (0.5, 0.7, 0.9) H 

(0.75, 1.00, 1.00) (0.7, 0.9, 1.0) VH 

 
Third step: Calculate the average fuzzy rating and weight 

for each subcharacteristic element. The average triangular 
rating and weight maintains its consistent range from zero to 
one.  

Fourth step: Find the average rating and weight for each 
subcharacteristic using the following formulas (1) and (2): 

 

 

(1) 

 

(2) 

Where   and   are the average rating and weight 
for the subcharacteristic, respectively. n is the number of 
elements of the subcharacteristic.  

Fifth step: Calculate the usability rating using (3) as 
follows: 

 

(3) 

Where   is the net usability rating and r and w 

are the rating and weight of the subcharacteristics. The 
number five refers to number of subcharacteristics of 
usability according to the ISO quality model (the 
accessibility subcharacteristic is excluded). 

 
Sixth step: Defuzzification: to obtain a numeric value for 

usability, defuzzification of the usability rating can be 
calculated accurately using centroid formula (4): 

 

 
(4) 

 
Seventh step:  Find the difference between the quantified 

measure of usability for original and Arabized software as in 
(5): 

 

 (5) 

 
Where  is the difference between the quantified 

measure of usability for the original and for the Arabized 
software,  is quantified measure of usability of original 

software and     is a quantified measure of usability for 
the  Arabized software.  

 
Eighth step: Calculate the Arability degree of usability 

with (6): 

 (6) 
Where α is the Arability degree of usability for the 

Arabized software ranges from zero to one. As α approaches 
one, the usability of the Arabized software gets closer to the 
usability of original software.  indicates that the Arab 
users achieved the specified goals of original software with 
effectiveness, efficiency and satisfaction in a specified 
context of use.  indicates that software is not suitable 
for Arabic communities or  Arab users. The higher the α, the 
software more Arable is the software. 
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VI. CASE STUDY 

The current underdeveloped Arabized version 
lacks complete Arabic documentation. The user 
interface is not completely Arabized either. For 
instance, some error messages are still shown in 
French. Therefore, it is expected that the quality of the 
Arabized PMB will not match the quality of the 
original PMB. 

To measure the Arability degree of usability for the 
Arabized version of PMB 4.0.13, the usability quality 
of both the original and Arabized PMB were 
quantified. Usability quality measures are well 
explained in ISO/IEC 25023. 

Usability is subdivided into six subcharacteristics,  which 
are appropriateness recognisability, learnability, operability, 
user error protection, user interface aesthetics, and 
accessibility. Each one of these subcharacteristics is divided 
into a group of quality measures related to this 
subcharacteristic as shown in Table II.  ID refers to the 
identification code of quality measure, name refers to the 
name of the quality measure and sub characteristic refers to 
the subcharacteristic of each quality measure [14]. 

The study focuses on Arabic as a supported language in 
PMB ILS and the spotlight is on able-bodied Arab librarians 
as the target users of PMB. For this reason, accessibility 
quality measures are not included in this study. However, 
PMB accessibility quality can be evaluated in future studies. 

TABLE II. ISO USABILITY QUALITY MEASURE [14] 

Sub characteristic Name ID 
Appropriateness 
recognisability 

(UAp ) 

Description completeness UAp-1-G 

Demonstration capability UAp-2-S 

Entry point self-descriptiveness UAp-3-S 

 

Learnability 
(ULe) 

User guidance completeness ULe-1-G 

Entry field defaults ULe-2-S 

Error messages understandability ULe-3-S 

Self-explanatory user interface ULe-4-S 

 

 

 

Operability 
(UOp) 

Operational consistency UOp-1-G 

Message clarity UOp-2-G 

Functional customizability UOp-3-S 

User interface customizability UOp-4-S 

Monitoring capability UOp-5-S 

Undo capability UOp-6-S 

Terminology understandability UOp-7-S 

Appearance consistency UOp-8-S 

User error protection 

(UEp) 

Avoidance of user operation error UEp-1-G 

User entry error correction UEp-2-S 

Error user recoverability UEp-3-S 

User interface aesthetics 

(UIn) 

 

Appearance aesthetics of user 

interfaces 

 

UIn-1-S 

VII.  RESULTS 

The responses collected from the original PMB users 
based the online questionnaire are shown in Table III. L1, 
L2…L10 are the 10 Arab selected users of original version 
of PMB. Each one of these users evaluated each element of 
the subcharacteristics for usability quality in ISO/IEC 25023.  
For example, for ULe-1-G, L1, L2, L3, L4, L7, L8, L9 and 
L10 evaluated this element as very high (VH). However, L5 
and L6 evaluated it as high (H). 

The responses submitted by the evaluators of 
underdeveloped Arabized PMB version are shown in Table 
IV. L1, L2….L10 are the 10 Arab librarians who tested 
underdeveloped Arabized PMB version. Each one of these 
evaluated each element of the subcharacteristics for usability 
quality in ISO/IEC 25023. For example, for ULe-1-G, L1, 
L3, L6 and L7 evaluated this element as medium (M). 
However, L2, L4, L5, L8, L9 and L10 evaluated it as high 
(H). 

TABLE III. USERS' RESPONSES FOR EACH QUALITY MEASURE OF  

ORIGINAL PMB 

Original PMB 
ID 

L10 L9 L8 L7 L6 L5 L4 L3 L2 L1 
VH VH H VH VH VH VH VH VH VH UAp-1-G 

VH VH VH VH VH VH VH VH H VH UAp-2-S 

H H H VH VH H H VH H H UAp-3-S 

VH VH VH VH H H VH VH VH VH ULe-1-G 

H H H H VH H VH H H H ULe-2-S 

VH H H H VH VH VH H H VH ULe-3-S 

H M M M H H H M M H ULe-4-S 

VH VH H VH VH VH VH H H VH UOp-1-G 

H VH VH H VH H VH H VH VH UOp-2-G 

H VH H VH VH H VH H H VH UOp-3-S 

VH VH H VH VH VH VH H VH VH UOp-4-S 

H H H VH VH H H H VH VH UOp-5-S 

VH H VH H VH VH VH H H VH UOp-6-S 

VH H VH H VH VH H VH H VH UOp-7-S 

M H M M H M H M H H UOp-8-S 

M H H M M H M M M H UEp-1-G 

L L L L VL L L L L L UEp-2-S 

L VL L L VL L VL VL L L UEp-3-S 

VH VH VH VH VH VH H VH VH VH UIn-1-S 

TABLE IV. USERS' RESPONSES FOR EACH QUALITY MEASURE OF 

ARABIZED PMB 

Arabized PMB 
ID L10 L9 L8 L7 L6 L5 L4 L3 L2 L1 

L VL VL VL VL VL VL L L VL UAp-1-G 

H VH H M M H H VH H M UAp-2-S 

H VH H H H H H H H H UAp-3-S 

H H H M M H H M H M ULe-1-G 

M M H H H H M H H M ULe-2-S 

M M M L L M M L M M ULe-3-S 

L L L L L L L M L L ULe-4-S 

H VH H H VH H H VH H VH UOp-1-G 

H M M M M M M M H M UOp-2-G 

H M M H H H M H H H UOp-3-S 

VH VH VH H H H H VH H VH UOp-4-S 

H VH H H H H VH VH H H UOp-5-S 

VH H H H VH H H VH VH H UOp-6-S 

M M M H H M M H H M UOp-7-S 

M M M H H M H M H M UOp-8-S 

M M M M M M M H M M UEp-1-G 

L L VL VL VL L L VL VL L UEp-2-S 

VL L VL VL VL VL L VL L VL UEp-3-S 

H VH VH H H H VH H H H UIn-1-S 

 
The outcome of this questionnaire is represented by 

linguistic terms (very high, high, medium, low and very 
low), which expresses the opinions of expert librarians based 
on their points of view. Fuzzy logic can handle such data, 
which hold the concept of partial truth. 

Each resulting value from the questionnaire is 
represented by a fuzzy rating and fuzzy weight according to 
Table I.  For example, if the librarian evaluated an element 
as very high, it is assigned a fuzzy rating and fuzzy weight of 
(0.7, 0.9, and 1.0) and (0.75, 1.00, 1.00), respectively.  The 
rating represents the evaluation from the librarian’s point of 
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view. In contrast, the weight represents the importance of 
each element. For the sake of simplicity, the values provided 
by the librarians were assumed as the input values of both 
fuzzy rating and weight. For instance, if a selected librarian 
rated an element as medium (M), the assigned fuzzy rating 
and weight for this element would be as (0.3, 0.5, 0.7) and 
(0.25, 0.50, 0.75), respectively. The next step is to find the 
fuzzy average rating and weight for each element.  For 
instance, the average rating for the element UIn-1-S of the 
original PMB is calculated as following: 

 

 
  The fuzzy rating for each fuzzy value provided by the 

questionnaire audience of the original PMB is , 

10 is number of responses and  is the average 

evaluation rating for element UIn-1-S. The average weight 

of the element UIn-1-S for original PMB is calculated as 

follows:  

   

 
   The fuzzy weight for each fuzzy value provided by the 

questionnaire audience of the original PMB is , 
10 is number of responses and   is the average 
weight for the element UIn-1-S. The same procedure is 
applied on outcome data of both the original and Arabized 
PMB and resulted in an average rating and weight for each 
element of the original and Arabized PMB. They are shown 
in Table V and Table VI, respectively.  

TABLE V. FUZZY RATING AND WEIGHT AVERAGE FOR EACH QUALITY 

MEASURE OF ORIGINAL PMB BASED ON USERS’ RESPONSES 

Original PMB 
ID 

  
0.73, 0.98, 1.00 0.68, 0.88, 0.99 UAp-1-G 

0.73, 0.98, 1.00 0.68, 0.88, 0.99 UAp-2-S 

0.58, 0.83, 1.00 0.56, 0.76, 0.93 UAp-3-S 

0.70, 0.95, 1.00 0.66, 0.86, 0.98 ULe-1-G 

0.55, 0.80, 1.00 0.54, 0.74, 0.92 ULe-2-S 

0.63, 0.88, 1.00 0.60, 0.80, 0.95 ULe-3-S 

0.38, 0.63, 0.88 0.40, 0.60, 0.80 ULe-4-S 

0.68, 0.93, 1.00 0.64, 0.84, 0.97 UOp-1-G 

0.65, 0.90, 1.00 0.62, 0.82, 0.96 UOp-2-G 

0.63, 0.88, 1.00 0.60, 0.80, 0.95 UOp-3-S 

0.70, 0.95, 1.00 0.66, 0.86, 0.98 UOp-4-S 

0.60,  0.85, 1.00 0.58, 0.78, 0.94 UOp-5-S 

0.65, 0.90, 1.00 0.62, 0.82, 0.96 UOp-6-S 

0.65, 0.90, 1.00 0.62, 0.82, 0.96 UOp-7-S 

0.38, 0.63, 0.88 0.40, 0.60, 0.80 UOp-8-S 

0.35, 0.60, 0.85 0.38, 0.58, 0.78 UEp-1-G 

0 .00,0.23, 0.48 0.09, 0.28, 0.48 UEp-2-S 

0.00, 0.15, 0.40 0.06, 0.22, 0.42 UEp-3-S 

0.73, 0.98, 1.00 0.68, 0.88, 0.99 UIn-1-S 

TABLE VI. FUZZY RATING AND WEIGHT AVERAGE FOR EACH  QUALITY 

MEASURE OF AEABIZED PMB BASED ON USERS’ RESPONSES 

Arabized  PMB 
ID 

  
0.00, 0.08, 0.33 0.03, 0.16, 0.36 UAp-1-G 

0.48, 0.73, 0.93 0.48, 0.68, 0.86 UAp-2-S 

0.53, 0.78, 1.00 0.52, 0.72, 0.91 UAp-3-S 

0.40, 0.65, 0.90 0.42, 0.62, 0.82 ULe-1-G 

0.40, 0.65, 0.90 0.42, 0.62, 0.82 ULe-2-S 

0.18, 0.43, 0.68 0.24, 0.44, 0.64 ULe-3-S 

0.03, 0.28, 0.52 0.12, 0.32, 0.52 ULe-4-S 

0.60, 0.85, 1.00 0.58, 0.78, 0.94 UOp-1-G 

0.30, 0.55, 0.80 0.34, 0.54,  0.74 UOp-2-G 

0.43, 0.68, 0.93 0.44, 0.64, 0.84 UOp-3-S 

0.63, 0.88, 1.00 0.60, 0.80, 0.95 UOp-4-S 

0.58, 0.83,1.00 0.56, 0.76, 0.93 UOp-5-S 

0.60, 0.85,1.00 0.58, 0.78, 0.94 UOp-6-S 

0.35, 0.60, 0.85 0.38, 0.58, 0.78 UOp-7-S 

0.35, 0.60, 0.85 0.38, 0.58, 0.78 UOp-8-S 

0.28, 0.53, 0.78 0.32, 0.52, 0.72 UEp-1-G 

0.00, 0.13, 0.38 0.05, 0.20, 0.40 UEp-2-S 

0.00, 0.08, 0.33 0.03, 0.16, 0.36 UEp-3-S 

0.58, 0.83,1.00 0.56, 0.76,0.93 UIn-1-S 

 
After the average rating and weight were calculated for 

each element in each subcharacteristic, the average rating 
and weight for each subcharacteristics of usability 
characteristic was computed using (1) and (2), respectively.  
For example, to calculate the average rating of ULe 
subcharacteristic for the Arabized PMB, (1) is applied as 
follows: 

 
  

  
 
In contrast, the average weight of ULe subcharacteristic 

for Arabized PMB is calculated using (2) as following: 

 

 
   

 
Following the same procedure, the average rating and 

weight of the five usability subcharacteristics for both 
original and Arabized PMB were calculated and the results 
are shown in Table VII and Table VIII, respectively 

TABLE VII. FUZZY RATING AND WEIGHT FOR EACH USABILITY 

SUBCHARACTERISTIC OF ORIGINAL PMB 

Original PMB Sub 
characteristic   

0.68,  0.93, 1.00 0.64, 0.84, 0.97 UAp 

0.56, 0.81, 0.97 0.55, 0.75, 0.91 ULe 

0.62, 0.87, 0.98 0.59, 0.79, 0.94 UOp 

0.12, 0.33, 0.58 0.18, 0.36, 0.56 UEp 

0.73, 0.98, 1.00 0.12, 0.33, 0.58 UIn 
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TABLE VIII. FUZZY RATING AND WEIGHT FOR EACH USABILITY  

SUBCHARACTERISTIC OF ARABIZED PMB 

  Arabized PMB 
Sub characteristic 

  
0.33, 0.53, 0.75 0.34, 0.52, 0.71 UAp 

0.25, 0.5, 0.75 0.30, 0.50, 0.70 ULe 

0.48, 0.73, 0.93 0.48, 0.68, 0.86 UOp 

0.09, 0.24, 0.49 0.13, 0.29, 0.49 UEp 

0.58, 0.83, 1.00 0.56, 0.76, 0.93 UIn 

 
Then, the net rating of usability for the both PMB 

versions was calculated by averaging the multiplication of 
the average rating and weight for each usability 
subcharacteristic using (3) as follows: 

For original version of PMB, the net rating of usability is:          

 

   

The net rating for Arabized PMB was computed in 
similar way and the result was: 
   

After that, fuzzy membership for the original and 
Arabized PMB was plotted as shown in Figure 1. The x axis 
represents the net rating of usability x. Its domain is from 
zero to one and y axis represents fuzzy membership function 

 and its range is also from zero to one. The red straight 
lined triangular refers to the fuzzy membership function of 
the Arabized PMB and the blue dashed triangle refers to the 
fuzzy membership function of the original PMB.  

 

Figure 1.  : The fuzzy membership functions of original and Arabized 

PMB. 

To get a numeric value (crisp), the centroid formula is 
used. The reason behind using centroid formula as it gives 
accurate results as compared with other defuzzification 
methods. In order to apply the centroid formula, lines' 
equations for each membership function must be found. The 
lines' equations for the fuzzy membership function for the 
Arabized version are: 

  (7) 
  (8) 

Where  and  represent the first and 
second lines of triangular fuzzy membership function for the 
Arabized PMB. Substitute (7) and (8) into (4) as follows: 

 

 
 

The obtained usability numeric value for Arabized PMB 
was:   

 
 
Similarly, the lines' equations for the fuzzy membership 

function for the original PMB were found as follows: 

 (9) 

 (10) 

Where  and  represent the first and 

second lines of the triangular fuzzy membership function for 
original PMB. Substitute (9) and (10) into (4) as follows: 

 

 

     The obtained usability crisp value of the original PMB 

was: 

 
Now, the difference between the quantified usability of 

the Arabized and original PMB (  ) was calculated using 
(5). 

 

 

 
Finally, the Arability degree (  ) was obtained using (6) 

as follows: 
        

 

VIII.   DISCUSSION 

In an effort to quantify Arability degree of usability for 
OS PMB ILS, we fuzzified the real time responses of 
usability for both the original and Arabized versions of 
PMB, which we obtained through a questionnaire that we 
gave to two groups of Arab librarians. The obtained 
defuzzified numeric values of usability for the original and 
Arabized PMB. The obtained defuzzified numeric values of 
usability for the original and Arabized PMB were 0.37 and 
0.58, respectively. 

This result shows that the usability of the original PMB 
ILS is better than that for the Arabized version for Arab 
librarians. The result was expected as Arabized PMB lacks a 
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complete of Arabic user guide in spite of the availability of a 
few user guide videos that have been released by the 
developers of the Arabized version recently. There is also a 
dearth of well translated terms that are related to libraries and 
information science.  Moreover, the messages in general and 
the error messages particularly are not adequately 
understandable in the Arabized version. The reason behind 
that is that some messages of the Arabized version are shown 
in French rather than in Arabic. This is not understandable 
for Arab users who do not know French. 

The results also show that Arability degree of usability 
for PMB is 0.79. This value means that the usability quality 
of Arabized PMB matches the usability quality of the 
original PMB by 79%. Alternatively, we can say that the 
quantified usability value of the Arabized PMB lags behind 
that of the original PMB by 21%. Arability degree of 
usability is a percentage that indicates the current stage of 
ILS Arabization process in general. However, it does not tell 
exactly where the flaws or defects of Arabized ILS are. For 
instance, the usability quality the underdeveloped Arabized 
PMB is 79% Arabized and 21% nonarabized but the 
nonarabized elements are not identified. In spite of this, the 
mathematical approach that is used to quantify Arability 
degree can be very useful in this case. This is not a point of 
interest for the present study but locating and identifying 
flaws should be investigated in future studies. 

IX. CONCLUSION AND RECOMMENDATIONS 

In this paper, Arability degree of usability for the 
Arabized version of OS PMB ILS has been quantified via an 
online questionnaire. The questionnaire adopted the 
definition of usability and its subcharacteristics and elements 
in ISO/IEC 25023. Then, usability is quantified using the 
fuzzy multi criteria technique. The results showed that 
defuzzied numeric value of usability for the Arabized PMB 
was 0.37 and its Arability degree was 0.79. In other words, 
the quality of usability for underdeveloped Arabized version 
of PMB matches its original version by 79% and the 
enhancement of its quality is needed.  

The quantified value of Arability degree of the Arabized 
OSS is not only a numeric value that expresses the quality of 
the Arabized OSS but also an indication of the progress of  
the Arabization process; it is difficult to find an effective 
mathematical approach to quantify it. However, Arability 
degree can play a very important role in the evolution of 
software in the Arab world. Thus, Arability degree is the 
challenge that Arab developers have to face.  
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