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Abhstract

Building and developing quality software effectively is what every company focuses
om.

This thesis focuses on introducing a study on sn!'hmre quality as an effective
instrument in managing and organizing the daily operations in many large corporation
in Libya As a product, software might be more convenient to an environment more
than the other. Our intercst here is to insure the compatibility of the software with our
needs and to mentions its compalibility with the universal standard,

Hoping that the studies retlect a true image , and as a reference to develop the local
software. we have adopted ihe questionnaire method in surveving and collecting data
based on MeCall characteristics to ensure how an elticient local software program is.
We have targeted the big corporations as a ficld to plan our rescarch since they can
reflect a true image with their massive daily operations and that can ciearly reflect the
influence of the qualuty ol software on the long run business, and because these
institutions contain all partics able to judge the software as a product (user, developer
and manager).

In order to complete our study with a reliable conclusion, we have chosen the (SPSS)
as an analyzing program to process our colleeted data and  Cronbacl's cocflicient to
get the mosi reliable resuls for cur survey.

After applying our study on our local organization, we have obtained an average
results . generally . the results was over the average, but still the resuits was less than
the average in some characteristics { reusability, portability, interoperability). We

could have better results if we could improve the system in'these characteristics.
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Chapter One

Introduction

Quality is the most essential thing in the preduct, ne matter what il might be.
Software. as any other product, requires quality which is the criteria in judging the
soﬂwan;, whether as an effective tool in work for the user and the manager, or the
developer. Generally, we use the word “quality” to imply the number of
characteristics that bears on its ability 10 satisfy the needs of customer. Software
quality enginecring is the science dedicaled to assure the quality in the sollware. With
their researches and improvement studies along almost the tast 40 years, Instiutions,
scientists and studiers all over the world have done their best to enhance the
performance of the sefiware to meet all the needs and the various requirement of the
user who is considered as the last hand dealing with the software and the applier ot
the software in real life, The multiple and diverse characteristics of the software
quatity create a great difficully in asscssing the quality and in developing the product
to meet the different needs. It is the main objective of all studies in guality
engincering. We have to know the etTective qualitics of the product and 1o understand
them well to be able 1o maintain a systematic development and enhancement. Quality
characteristics may slightly differ from one rescarcher to another, but stiill the main
effective elements do not change. Their order of importance may not be same since
evaluation is the reflection of many factors. The human estimahion and the different
needs are involved in this estimation and that call for the need of a true study on the
multiple requirement in an efficient software. We will preview the different
definitions and points of view in quality lo explore the evolution in software quality

using McCall's model in our local environmen. McCall (1977) with his model of

-



quality, Boehm (1978) , Ghezzi et of (1991) kan (2000) and many others alony 1he
last three decades have given their approaches, alse many mstitulions like ISO9126-1,
1:EE Standard (IEEE Std 729-1983), ANSI Standard (ANSIFASQC A3/1978) and the
German Industry Standard DIN 55350. The differcntiation in their approaches helps

to cover all the various altributes of quality.
1-1 Historical glance on the software engineering:

Looking at the seflware engineering from a historical perspective, the 1960s
and earlier could be viewed as the functional era, the 1970s the schedule cra,
the 1980s the cost era, and the 1990s and beyond the quality era, All along
these eras, we have learned how to expleit the information technolopy o meet
industrial needs and we began 10 link it to the daily operations of institutions.
Then the massive schedule delays and cost overruns were the aim of studics
that have secn the multiple and divertive requirement of the institwtions. In the
1980s hardware cosls continued to decline, and the information technology
permeated every facet of our institution and became available to individuals,
As a competition in the indusiry became kecn and low-cost applications
became widely implemented, the impertance in productivity in software
development increased significantly. Various software enginecring cost models
were developed and used [19].

In the late 1990s, the importance of software qualily was also recognized .Then, the
1990s and beyond has witnessed the quality era. With stale-of-the art technology now

able to provide abundant functionality, customer demand high quality. Starting the

mid 1990s two major factors emerged thal have proved to have an unprecedented
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impact on not only software cnginecring but also on global business environment:
business reengineering for efficiency and the internet [19].
The result of the three eras with their contnbutions leaded us pot only to better
development of the software as a product, but also 10 higher level of evaluation and
improving of the performance of our projects,

1-2-The problem with our loeal software systems
The problem reside in the presence of a great number of software programs with
which a considerable number of official departments 1 Libya are operated; But there
is no previous studies on the compatibility of these programs to the standard
measurement. This random usage of software programs create probleny in the usage
and in the application of the product in our organizations. That leads us 1o certain
questions:

i. Have we carefully studied these programs before applying them in our
organization?
il. Do these programs satlisfy our needs or not?

iii. Do they comply with our market?
1-3 The aim of our study:

First, We aim to apply the intemational standard of quality evaluation on these
local software programs to sec how much do they comply to it; And that can be
exccuted through applying one of the pioneer models of evaluating quality, and that is
MeCall’s medel, on our local institutions, and that will be through knowing the points
of view of uscrs, developers and managers.

Second, Guthering information through a questionnaire diffused on the users,

developers and managers to evaluate the used software. These questionnaires will be



according to the MeCall's mode] and these collected data will be used in a swtistic
program to obtain their result.

Third, this study will be as a reference to develop the local sofiware since, in case
of sincerity, it will reflect the needs and the nature of the Libyan market and his

organizalions.
1-4 Qur targeted companies and systems

The our targeted companies and systems are:
+  GARYOUNIS University
» Arabian Gulf Cil Company
s Electricity Company
» Al WEHDA Bank
s The institution of Work and Labor
s Studies and cxarminations systems
s Payroll system.
e (thers
I1's obvious that these organizations have a massive daily operations. the matter that

makes it suitable for our survey.
1-5 Why have we adopted McCall's model in our evaluation?

MecCall's model of ¢valuation has survived through almost the last 30 years and that
because of its global faclors that did not change although receiving some
improvements by some institutions. These enhancements did not change the essence
of his model. That mode} defines software product qualitics as o hierarchy of factors,
criteriz, and metrics. A quality factor represents a behavioral chargcterislic of the

system. A quality criterion is an attribute of a quality factor that is related to the

-
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software production and design, A quality metric is a measure that cuptures some
aspects of a guality criterion, Quality factors contribute to a complete pictuwre of the
software quality. One or more quality mectrics should be associated with each

criterion.

MeCall's model Focused on three categories of sollware product charactenistics as in
(igure 1.1[16]:

« Iis opcrational characteristics (product operation)

= Tis ability to undergo change (product revision )

» lis adaptability to new environments (product transition)

W mirvha it b By
Flux Aty :
Tastabillly h

Tormctners Rallabilly
EMciangy  ntegrity ;
Ly J bty ;

Figure 1.1:Meeall's model characleristics

That is why we have chosen his model as a base to our evaluation. His global
approach can be applied in our local environment; also his quality characteristics

classilication is almost perfect lor our survey.
1-6 The difficulty in evaluating software quality attributes

Defining the atinibutes of sofiware quality and determining the metrics to assess the
relative value of each attribute arc not formalized proccsses. Because users place
different values on cach attribute depending on the products use, 1t is important that
quality attributes should be observable 1o customers. However, with software there

gxists not only asymmetric information problems (where a developer has more



information aboul quality than the user or the manager), but also instances where the
developer truly does not know the guality of his own product.

However, customer satisfaction is the ulomate validation of the quality. Both product
quality and customer satisfaction form the total meaning of quality. So the success of
any software in real life and at the long term business is the degrees of satisfaction the
software give to customer. Although the chamctcristic; of quality are all importan to
sofiware efficiency, but it’s their order of importance may differs from one customer
to another. This relativity comes from our hierarchy of characteristics importance that
the customer or the institution itself states. In other words, the kind and degree of
satisfaction varies form one customer to another. This variation may create 2
difticully to the evaluator, especially if the characteristics necded are immeasurable or

even affected to some extent by the human factor.
17 Thesis organization

This thesis is divided inte five chapters 1o present our matcrial relating software
quality,

We started our study by giving a quick glance on the history of software engineenng
with i1s evolution through three decades of study and development, And then we
briefly discussed our aim of this study and the methodology that we have adopted
after giving some examples of the different methods of evaluation.

As a reason for choosing McCall for our evaluation, we explained his method that
will be more clarificd later.

Chapter two is completely conscerated to the different delinitions of software quality
and its characteristics and quality cvaluation models concentrating on McCall as we

have followed his evaluation of qualily in our survey.



Chapter three is o presentation of quality models and taclors as a base of our survey.
We alse presented Customer Satisfaction Surveys and the different points of view in
guality by the user, the developer and the manager, with a quick explanation of the
software we used (SPS5) in analyze data 10 getting our results and the CRONBACH
alpha Coefficient used to get reliability factor .

L hﬂﬂh’; four is a lavout of the results and conunenl;i supporied by the charts and
analyzing the results of all characteristics.

Chapter five conclusion and recommendation .



Chapter Two

Characteristics of software quality

This chapter introduces the software quality as a basc to evaluale the sefiware
efficiency in satisfying the purpose of the software itself, from the users', developers'
and méﬁagcrs' puint view, passing by the differem t.“lf:l'initinns of guality given by
researchers and institutions. Then we will explain the characteristics of the quality as

a functlion in quality performance.
2-1 Software quality

Software quality is a product that has a high influence on the performance of almost
all the economical and administerial establishments and companies all over the world.
That is why several studies, articles and thesis have been made to define the quality
and it's characteristics of different points of views.
Our study is concentrated on the quality and quality characteristics taking into
consideration many studies of different organizations and authors each with his
notion.
Concemning quality we first look into what quality means in the case of sofiware
development, There are many definitions of software quality. A general defmibon
of quality is as follows [17]:
s  "Software quality is the existence of characteristics of a product which can be
assipned 1o requiremenis. We require a qualily software product to have
certain characteristics that are relaled 1o requirements (of the user) and satisfy

them" Kitchenham (1989,



¢ According to Gilles: "quality is transparent when presented, but casily
recognized in its absence™ .His definilion goes beyond the measurable limits to
the resulted effects. .

o  MoecCall saw the guality as the following “Cuality is not a single idea, but
rather a multidimensional concept. The dimensions of quality include the
entity of interest, the viewpoint on that cntil}rl, and quality attributes of that
entity’ .

o [SO 9126 “Software yuality characlensiic is a sct of atiributes of a Soliware
product by which ils quality is described and evaluated™.

e  German Industry Swandard DIN 55350 Part 11: “Quulity comprises all
characteristics and significant features of a product or an activity which relate
to the sutisfying ol given requirements’.

s ANSI Standard (ANSIASQC A3/1978): “Quality is the totality of Features
and characteristics of a product or a service that bears on its ability to satisfy
the given needs™ .

¢ IEEE Standard (IEEE Std 729-1983):"The totahiy of features and
characteristics of a software product that beur on its ability to satisfy given
needs”: For example, [13,21]:

1} Conformance o specification: Quality that is defined as a matler of products and
services whose measurable charactenistics satisfy a fixed specification-that is,
conlormance 1o an in beforchand defined specification.

2} Meeting customer needs: Quality that is identified independent of any measurable
charactenistics. That is, gquality is defined as the praducts or services capability to

meet customer expectations — explicil or not.



2-2. Software quality characteristics

Charaeteristics play a central role in sofiware quality, For one person, onc
characieristic of the product ¢an be more important than another characteristic,

According in McCall Characteristics is sel of atiributes of a software product by
which irs quality is described and evaluated. A software quality characteristic may be

refined into multiple levels of sub-characteristics [17].
2-2-1- MeCall's classification of characteristics

New, we will detine the cleven characteristics of McCall for better  comprehending
their effect on the software performance and needs of the users [9,17,16)
¢ Usability: Effort required lcarning, operaling. preparing input, and interpret
output of a program.
e Integritv: Extent 1¢ which unauthorized access to Software or data is
controlled.
¢ Correctness: The extent 10 which a program satisfies its Specification and
fulfills the customer's nceds and objeclives.
» Reliability: The extent 10 which a program can be expected to perform its
intended function with the required precision.
¢ Efficiency: The amount of computing resources and codes requited by a
program to perform its Intended function.
o Maintainability: Effort required locating and fixing an error in a program,
» Flexibility: Effort required modifying an operational program.
» Testability: Hffort required lesting a program to ensure jls performance of the

intended function.

H}



» Reusability: Lixtent to which a program er parts of a program can be reused in
other applications related 10 the packaging and scope of the functions that the
program performs. '

+ Ponability: Effort required transferring the program from one hardware andfor
software syslem environment to another.

» Interoperability: Elfort required to couple ene system to another.
2-2-2 150 9126 classification of characteristics

According to [S0Q-9126 software quality may be evaluated by the following
characteristics as shown in figure 2-1[12]:

¢ Functionality: A sel of aitributes that relate to the existence of a set of
functions and their specified properties,

» Reliability: A set of altributes that bear on the capabilily of softwarc to
maintain its level of performance under stated conditions for a stated period of
time.

+ Usability: A sct of attributes that bear on the effort needed for use, and on the
individual assessment of such use by a stated or implied set of users.

« Efficiency: A set of attributes that bear on the relationship between the level
uf performance of the software and the amount of resources ua;ed, under stated
conditions.

o Maintainability; A set of attributes that bear on the effort needed w make
specified maodifications.

« Porability: A set of atwributes that bear on the ability of software 10 be

transferred from one environment to another.

il
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Figure 2.1 ISy 9126 MODEL for sofiware qualily characleristics
2-3 Quality sub-characteristics

Some chatacteristic can not refer directly to their critena, they requirc a extra
intermediate level to be computed. Elements of this intermediate level are Sub-
characteristics.

For example, in McCall's model integrity as factor refers to two sub-factors:

Access contro! |, Access audit[9,17,16].
2- 4 Quality model

Evaluation of quality requires models to link measures of software artifacts with
external, high-level, quality characteristics. First, we introduce the concept of quality
model, then we present the different elements related to quality models |

The quality model consists of several quality attributes that arc used as a checklist for

determine soflwarc quality[8].

12



The benefit of Quality model is given by the decomposition ul the valuable object
(both a process. a product or an organization} in a list of its characteristics, sub-
characteristics and measures and it is applicable bath 10 predict/assure/verify the
achievement of a defined goal about the ebject before/while/ufier producing it {15].
Each element must be clearly defined to realize it's importance in qualifying a
suﬁwaxlt; product.

2-4-1 Quality model definition

ISO/IEC 9126-1 defines a quality model as a framework which explaing the
retationship between different approaches to quality[8]. Quality models decomposes
in hierarchical elements. An appreach to guality is to decompose quality in Factors,
Sub-factors, and criteria. Lach quality sub-factors is assessed using their criteria.
Finally, numerical value are assigned to quality characteristics from their quality sub-
factors. Evaluation of a program begins with measuring each quality criteria with
numerical value from metrics.

2-4-2DiiTerent types ol models

These models have been made to illustrate the concepts of their authors in their search
for soflware quality.

These models are classified according to the order of implement of their elements.
Here are some of these models.

2-4-2-1 Hierarchical Models

We subscribe to McCall's model of software quality, which defines a three-level
hierarchy of sofrware attributes[8]. The first level is u set of generic qualitative
attributes for the software product, which are frequently referred to as external quality
atiributes. The second level is a decomposition of each external sofiware quality

attribute into a set of quantitative factors that affect that external attnbute. Finally, the

-
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third level is a set of computable metrics that we measure from the software product
artifacis (such as architecture, design, or code) where cach metnic affueets one or more
quantitative factor.

The best known gquality models for software are those proposed by Bochm et al.
McCall et al, 1t is possible to distinguish quality models depending on their number of
lavers: h |

2 layers (Boehm and McCall), that show a list of characteristics subdivided in a se1
of sub-characteristics, up to Iwo levels we have a description closer to user’s
viewpaoint.

3 Iayers, where it 15 added a detailed level of single sub-characterislic measures, of
course closer to a techmical perspective. It allows quantifying an evalustion in a
exircmely suhjective manner (subjectiveness is intrinsic in quality models), equalty
umportant as the objective one [1].

A software product has product artifacts that are produced along its development
lifecycle {such as architecture, design, or code). It is important to distinguish which
artifacts we are using in the measurement process. For instance, we can [ocus on
metrics that pertainfare relevant 10 architectures. This is far different from typically
code-level metrics. Architecture metrics can be obtained from software architecture

description, which is usually detined using an architcetural description Janguage [18].
34-2-1.1 150 9126(1991) mudel

With the need for the software industry to standardize the evaluation of software
products using quality modecls. the [830 (Inernational Orpanization for
standardization) proposed a standard which specifies six areas of importance for
software evaluation and, for each area, specifications that :;ttr:mpt to make the six area

measurable .

14



One of the advantages of the [SO 9126 model is that it identifies the internal
characteristics and external quality characteristics of a soflware product.
Flowever, at the same time it has the disadvantage of not showing very clearly how
these aspects can be measured [135].
The layers of quality model in ISOAEC are defined as [111:
. -{:“,harai:tetistics |

e Sub-charactenstics

s Moetrics
2-4-2-1-2 McCall's Madel (1976-7)
McCali’s model for sofiware quality combines cleven criteria around product
operations, product revisions, and product transitions. The main 1dea behind McCall's
model is o assess the relationships between external quality factors and product
quality criteria [9,16].
McCall started with a volume of 55 guality characteristics which have an important
influence on quality, and called them “factors”. For reasons of simplicity, McCall
then reduced the number of characteristics to the following eleven:

1. Usabiliry.

2. Integrity.

3. Efficiency.

4. Reliability

5. Accuracy.

6. Maintainability.

7. Testability.

%, Flexibiity,

9. Interface facility.



10. Re-usability.

L i. Transferability.

McCall's Model is used in the United States for very large projects in the military,
space, and public domain. 1t was developed in 1976-7 by the 18 Air force Clectrome

System Decision (ESD), the Rome Air Development Center (RADC), and General

Electric {GE), with the aim of improving the quality of software products [10].

One of the major contributions of the McCall's model is the relationship created
between quality characteristics and metncs, although there has been criticism that not
all metrics are objective. One aspect not considered directly by this model was the

functionality of the software product. The layers of quality model in McCall are

defined as shown in figure 2-2 [9]:
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ligure 2-2 MeCall's model

2-4-2-1-3 Bochm’s Model (1978)
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Boehm added some characteristics to McCall's model with emphasis on the

maintainability of software product. Also, this model includes considerations involved




in the evaluation of a sofiware product with respect to the utility of the program([3].
The Boehm model as shown in figure 2-3 Lis similar to the McCall model in that it
represents a hierarchical structure of characteristics, each of which contributes 1o total
quality. Boehm notion includes users needs, as McCall's does; however, 1t also adds
the hardware yield characteristics not encountered in the McCall model.

However, Bochm's mode]l contains only a diagram :wilh{)ul any suggestion about

measuring the quality characteristics.
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Figure 1.3 Bochm's Model

2-4-2-1-4 FURPS model

A later, and perhaps somewhat less renown medel that 18 structured in basically the
same manner as the previous two quality models (but still worth at least to be
mentioned in this context) is the FURPS model originally presented by Robert Grady

[7]. FURPS stands for: Functiomality — which may include feature sets, capabilities
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and security. Usability - which may include human factors. Reliability - which may
include frequency and severnity of failure, recoverability, predictability, accuracy, and
mean time between failure (MTBF). I"erfermance - imposes conditions on functional
requirements such as speed. efficiency, availability, accuracy, thml.;ghpul, response
time. recovery time, and resource usage. Supportability - which may include
testahiﬁt-}: extensibility, adaptabilily, maintainability, compatibility, configurability,
serviceability, installability, localizability (internationalization).

The FURPS-categories are of two different types: Functional {(F) and Non-functional
(URPS). These categories can be used as both produet requirements as well as in the

assessment of product qualily | 7).

2-4-2-1-5 Dromey’s Quality Model

An even more recent model similar to the MeCall's, Boehm’s and the FURPS quality
model, is the quality medel presented by R. Geoff Dromey 15,6]. Dromey proposes a
product based quality model that recognizes that quality cvaluation differs for cach
product and that a more dynamic idea for modeling the process is needed to be wide
enough 1o apply for different systems. Dromey is focusing on the relationship

between the quality attributes and the sub-attnbutes, as well as attempting to connect

software producl properties with sofiware quality aitnbuces[6].
2-4-2-2 Non-hicrarchical Models

Another way of laying out the quality model is the non-hicrarchical model and we

will present two types as examples;
2-4-2-2-1 Bayesian Belief Networks

A BBN2 is a graphical networks whose nodes are the uncertain variables and whose

edges are the causal links between the variables, Associated with each node is a set of
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conditional probability funciions that model the uncertain relationship between the
node and its parents,

It can be explained in two stages, one stage covers the lile-cycle processes of
specification, design or coding and the second stage covers testing.

Using the BBN have some benefits as follow :

BBNs enable reasoning under uncertainty and cumbim; the advantages of an intuitive
.visual representaticn with a sound mathematical basis in Bayesian probability[14].
With BBNS, it is possible 10 articulate expert beliefs about the dependencies berween
various variables and 1o propagate consistently the impact of evidence on the
probabilities of uncertain outcomes, such as future system reliability.

BBNs allow an injection of seientific rigour when the probability distributions
associated with individual nodes are simply ¢xpert opinions.

A BBN will derive all the implications of the beliefs thal are input to it; some of these
will be facts that can be checked against the project observations, or simply against
the expeticnce of the decision makers themselves,

The ability to rcpresent and manipulate complex models that might never be

implemented using conventional methods| 14].
2-4-2-2-2 STAR Model

The star mode! is introduced as follows: The software quality Star is a conceptual
model for presenting different perspectives of software quality. The model is based on
the acquirer and supplier as defined in ISO/IEC 12207 (1995).

There are three significant elements in the STAR: The procurer (acquirer), the
producer {supplicr), and the product. The procurer enters in a contract with the
producer 1o create a software product. This contract ;‘:lri:euflgofr specifies the quality

characteristics of the product. The procurer's perspective of the producer organization
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is that they use the best project management techriques available and that they engage

in first-rate processes to create a quality product. The procurer's perspective of the

product is that it must be acceptable by the user community and that 11 can be serviced

and maintained by their professionals [17].

The model considers that the acquirer be the lead party in any contractual

arrangeﬁent because il is the acquirer's users and tcchr;ical support professionals who
. dictate the success or failure of the soflware product. Also, it is the acquirer who

dictates the profile and mauurity of the supplier organization.

The model accommodates the producers perspective of software quality and focuses

on the maturity of the producer organization as software developers and the

development processes that they used (o create quality software products [17].

2-4-3 Classification of gquality moedels according to Layers

I:N relationship, as in [SO 9126 - every characteristic has its own set of sub-

characteristics.

N:M relationship, as in McCall Faclor-Criteria Model (FCM)- every sub-

characteristic is linked to one or more charactenistics [12].

Table 2-1 maps the different terms used in these various software quality models [12]:

LAYER | MC CALL | BOEHM 1509126:1991 IEEE DROMEY
* {1
1 FACTOR | high-level characteristics Vuclor hi-level
charac. attribute
2 CRITERIA | primittve- | sub- Sub- subordinate
level characteristics factor level
3 METRIC melric metrics Meitrics | ——————smmmm-

Table 2-1- Software Quality Modcls
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However it is argued that with these models: It is not sufficient to list some
characteristics that imply or contribute to a better quality in building sofiware , but it
is necessary to create direct links between quality attributes and  product

characteristics; There is a little assistance in building quality into software.
2-5 Quality Metric

We need to specify quality metrics to evaluate a given quality eriteria. Hach yuality
metric provides a numerical value that can be scaled o measure a guility factor.
Metrics must be completed and detailed sufficiently 10 be the firm (oundation of 2
quality model.

There is a strange relationship between internal and external quality. External qualiry
is quality as measured by the customer. Internal quahty is quality as measurcd by the

programmers [4, [3].
2-6 Software Metrics

Software metrics are used to quantify software, software development resources, and
software development processes [20]. Some soflware characteristics are measurable
direetly (as 1.OC-Lines of Code), some other sofiware characteristics can be inferred
only from indirect measurements (for example, maintainability), and some sofrware
characteristics are mostly related to human perception (for Example, understandability
is more dependent to the people vs. the programs).

Software meirics can be classified into three categories:

2-6-1 Product metrics: Describe the characteristics of the product, such as size,

Complexity, design features, performance, and quality level.
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3-6-2 Process metries: Can be used to improve software development and
maintenance process (i.e.. cffectiveness of defect removal during development, defect
arrival, response time to fix defect).

2-6-3 Project metrics: Describe characieristics of the project and its exceution (i.e.,
number of software developers, stating pattern related to the life cycle of the soflware,
cost, schedule, and productivity).

. However, some metrics beleng 10 multiple categories (i.e., the in-process quality
metrics of a project are both process metrics and project metrics). Morc-over, a
healihy metrics program focuses on much more than the measurement of programmer
productivity. Consider these areas of software development which can henefit from a
well-planned mctrics program {19] :

« Project management.
e Product gquality.
v Product performance.

¢ Development process.
2-7 The problem of measuring quality

"When you can measure what you are speaking about, and cxpress il in numbers, you
know something about it; but when you cannot measure it, when you cannol express it
in numbers, your knowledge is of a meager and unsatisfactory kind". (Lord
Kclvin).Some kinds of metrics is nceded to prove that the quality of the product is
good or bad, Quality is difficult to measure, but somewhere some kind of
measurement should be possible, Defining the atributes of software quality and
determining the metrics to assess the relative value of each attribule are not
formalized processes. Because users place different values on cach attribule

depending on the products use, it is important that quality attributes should be
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observable to consumers. Elowever, with software there exists not only asymmetric
information problems (where a develeper has more information about quality than the
consumer), but also instances where the developer truly does not know the quality of
his own product. Although a general set of standards has beenlagrted on, the
appropriate metrics 10 test how well sofiware meets those standards are still poarly
defined. Publications by IEEE (1988,1996) have .prcsemcd numerous potential

. metrics that can be used o test each attnbute.
2-8 Relationships among quality characteristics

Some quality characteristics are related to onc another, we summarize these
interrelationships between quality charcteristics of McCall's model as shown in

ligure 2.4,

Interrelationships between quality characteristics - afler Perry using MeCall

Correctness C

Reliability _|R

Efficiency E

Integrity !

Usability -l =-1-1-| VU

Maintainability -|=-1- - | M

Testability -1 =1- - =17

Flexibility - =1 - -]-1F

Portability . N P

Re-usability U B _ -1 -]-1R

Interoperability L - |
*=Inverse  blank =Neutral  _ = Direct

Figurc 2-4 relationship berween McCall's characteristics
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Chapter Three

Survey on Libyan software systems

Livervone agrees that software quality is the most imporant element in software
development, because high soflware quality could reduce the cost of maimienance, test
and software reusing |3]. But quality has very difﬁ:rcnt. meanings for managers, users,
.developers, therefore many instilutes and organizations have to improve sofiware

quality.

[n this chapter we discuss Customer Satisfaction Survevs and the methodelogy to

collect and analysis data,
3-1 Customer satisfaction surveys

There are varicus methods 1o obtain customer feedback with regard to their
satisfaciion levels with the product(s) and the company [19].

3-1-1 Methods with a moderate range of customer:

‘I'here are three common methods 1o gather survey data [19] @ face-to-face interviews,
telephone interviews, and maill:.:d guestionnaires (self-administered).

The personal interview method requires the interviewer to ask questions based on a
pre-siructured questionnaire and te record the answers. The primary advaniage of this
method is the high degree of validity of the data. Specifically, the interviewer can note
specific reactions and eliminate misunderstandings about the questions being asked.
The major limitations are costs and factors concerning the interviewer. If not
adcquately trained, the interviewer may deviate from the required protocel, thus

introducing biases into the data, if the interviewer cannot maintain neutrality, any
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stalcment, movement, or even facial expression by the interviewer could affect the
response. Etrors in recording the responses could also lead to errongous resulls.
Telephone interviews are less expensive than face-to-face interviews. Different from
personal interviews, telephone interviews can be monitored by the research team to
ensure that the specified interview procedure is followed. The -computer-aided
appruaéh can further reduce costs and increase efficiency. Telephone interviews
should be kept short and impersonal te maintain the interest of the respondent. The
limitations of this methed are the lack of direct observation, the lack of using exhibits
for explanation, and the limited group of potential respondents-lhose who can be
reached by telephone. The mailed questionnaire method does nol require interviewers
and is therefore less expensive. However, this savings is usually at the expense of
response rates. Low response rates can introduce biases to the dala because if the
respondents are differemt from the non-respondents, the sample will not be
representative of the pepulation. Non-response can be a problem in any method of
surveys, bul the mailed guestionnaire method usually has the lowest rate of response.
For this method, extreme caution should be used when analyzing data and
generalizing the results. Morcover, the questionnaire must be carefully constructed,
validated, and pre-tested before final use. Questionnaire development requires
professional knowledpe and experience [19].

* Notice

Wec have adopted the method of Luigi Buglione& Alain Abrmr[lIE]: a modified
method of data collection might be close to that of the mailed questionnaire except we
deliver the pre-structured questionnaire perscnally. This should demonstrate to the
institutions concemed that we are really interested in all parties bencfit and that

should reflect in a full cooperation and sincere answers to our questions. However,
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there are problems with values derived in McCall's model, the degree of subjectivity
varies substantially from one question 1o another, even though all responses are
treated equally. This variation makes difficulty in assessing the characteristics.
Moreover, when appropriate response should be reflected in a richer measurement
scale, it is not reasonable to expect a yes-or-no response to the questions. 5o, we have
nmiced. that this method do not give accurate results that is why we have adopled the
ordinal scale to reflect variety of possible answers.
3-1.2 Sampling methods
The three methods, menticned above, are sufficient if the customers” base is not lurge,
but it would be very costly in case of a large base of customers. " Estimating the
sntisfaction level of the enlire customer population through a representative sample is
more efficient. To obtain representative samples, scientists’ probably sampling
method must be used. 'There are four hasic types of probability sampling[19]:

¢ Simple random sampling

» Systematic sampling

e stratified sampling

» cluster sampling.
3-1-2.1 Simple random sampling: If a sample of size (n )is drawn from a popuiation
in such a way thal every possible sample of size n has the same chance of being
selected: the sampling procedure is called simple random sampling. The sample, thus
obtained, is called simple random sampte. Sometimes the method is mistaken since
the investigator just randomly select individuals that he or she happens to come

across,
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3-1-2-2 Systematic sampling: is simpler that random sampling i€ a list is extremely
large or long sample to be drawn. There are two types of siwations in which
systematic sampling may introduce biases: .
(1} The entries on the list may have been ordered so that a trend occur.

(2) The list may posses some cyclical characteristies means may suffer of duplication.
3-1-2-3 Stratificd sample: we first classify individua]‘s inlo non-overlapping groups,
called (strata), then select simple random sample from cach slrutun;. The siraia are
based on important variables pertaining to the parameter of interest. For example,
customers with complex network sysiem may have a set of satisfaction criteria for
software product that is very different from those who have standalone system and
simple applications. Therefore, stratified sample should include customer type as a
stratification variable.

Notice:(This is the type that we have chosen as a method of our su rvey)

3-1-2-4 Cluster sampling is a simple random sampling in which schools. districts or
work plants are used units for clustering sample. These geographical units are used for

clustering sampling. It is usually less efficient than simple random sampling [19].
3-2 Quality model as a base of evaluating quality:

The benefit of Quality models is given by the decomposition of the valuable object
(both a process, a product or an organization) in a list of its charactenstics, sub-
characteristics and mcasures and it is applicable both to predict/assure/verify the
achievement of a defined goal about the object before/whilefafier producing it[12).
For clarity of definition, we use in this study the McCall's model characteristics .

The problem of a common acceptance of more relevant characteristics 10 consider or

to reject is a never-ending story in cvery community and also in the I'T one. Therefore
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the value of standards is 10 group as many people as possible at the aim to use and
share definitions, concepts and methods.

3-3 Quality as a survey base

3-3-1 The procedure Now

This section presents the design of the procedure to ca!cu]atr: quality, which returns a
numerical value (rephrase) integrating the users (U). developers () and managers
(M) opinions about the quality of the seftware being measured. As mentioned above |
it is important 1o a company to do regular quality assessments of its products in order
te manage them properly. Management must therefore obtain a value 1o decide based
on the epintons of the three major interest groups (U, D, M), which actions must be

taken for the future | 12]. Figure 3.1 shows the high-level procedure flow.

4 )
b

Developers (D)

U, M, D

Management

* collecis and consolidates
gquorlionnaires

F AL Cut AT
* achivates the QF calculation [ QF e oH ]

'. . s e . b frr : . : i i H Tr ' I‘\ 1'.1'- '
* determtnates the QF value 70 c
ol . e et 1 'T CIF VALFJ'E L

o

Figure 3.1 quality factors procedure flow
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First, a questionnaire is submitied to users, developers and managers, who express
(heir quality opinions. Then, the questionnaires are gathered and consolidated these
opinions and, through the quality calculation procedure, the final quality value is
obtained for the soflware program being assessed. The procedure is fairly simple and

easy 1o autemate with a spreadsheet {12].
3-3-2 The Quality factor calculation

We design the precedure to caleutate quality, which retumns a value which integrated
the users , developers and managers opinions about the softwarc product being
measured. The measurement instruments nceded io calculate quality are: The
questionnaire 15 the technical instrument we use to collect data. Using the samples
analysis through the 5tn1ti1;'1cd sample techmigue with Universe sensible elements
divided in non-Overlapping groups {strati) and then choosing a random sample in
every stratus we can have a good sample representatively and reliability of the values
found. The questionnaire is structured following Statistics and Social Research
Methodology principles, handed over to the interviewed person and filled up by
him/her without any help from an interviewer [2.4,12].

Here is a sample of the rank table(table 3.2) used in recording the grades:

3 Excellent

2 V.(;o00d Satislactory

1 Good

{ Poorf Absent Unsatisfactory

Table 3.2 rank tahkle

For processing our results, we have chosen the (SPSS) program usinyg the Cronbach’s

cocfficient that gives high percent in the reliability on its results.
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3.3.3 Different points of view in soltware characteristies

3-3-3-1 User's view

[Jsers are mainly interested in using the sofiware, its performance and the effects of
using the seftware, Users evaluate the software without knowing the internal aspects
of the software, or how the sottware is developed [2].

3-32-3-2 Develaper’s view

Since developers are responsible for producing software which will satisfy quality
requirements they are inlercsted in the intermediate product quality as well as in the
final product quality. In order to evaluate the intermediate product guality at each
phase of the development eycle, the developers have to use different metrics for the
same characleristics because the same metrics are not applicable 1o all phases of the
cyele [2].

3-3-3-3 Manager's view

A manager is {ypically more interested in the overall qualiry rather than in a specific
quality characteristic. The manager may also need 1o balance the quality improvement
with management criteria such as schedule delay or cest overrun, because hel/she
wishes (o optimize quality within limited cost, human resources and time-frame[2].

3-4 Tools of our survey and analysis

As an cssential step in our study on quality and the efficiency of software programs ,
it is logical that we detect their effect in our local Organizations through a
questionnaire and personal interview.

We have mentioned previously that we have adopted the method of Luigé
Buglione&Alain Abran [11,12], a pre-structured guestionnaire to be filled by the
three categories involved in sofiware applications.

The results will be analyzed and evaluated by a selected software : SPSS.
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3-4-1 The analysis program (SP&8):

SPSS is a software package used for conducting statistical analyses, manipulating
data, and generating tables and praphs that summarize data. Statistical analyses range
from basic descriptive statistics, such as frequencies and averages, to advanced
inferentinl statistics, such as repression models, analysis of varlance, and factor
analysif;: ($PSS) also contains several tools for manipulating dala, inciuding functions
for recoding data and computing new variables, as well as for merging and
apgregating datasets. SPSS also has a number of ways to summarize and display data
in the form of 1ables and graphs.

3-4-2 Cronbach's Coefficient {Alpha)

This cocfficient is used 10 determine the internal coordination of the measurements
through recognizing the Internal Consistency Reliability (ICR).

That test uses the answers collected of all given questions to evaluate the degree of

coordination and to evaluate the extent in which every question measures the same

conception.
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Chaptcer Four

Results and Comments

We will present the cocflicient (hat we have chosen in our survey, Cronbuach's
Coefficient (Alpha} that gives a reliable results in measuring. Then we will present the
form of our questionnaire followed by the results of our survey supported by the

charis under each a comment of the result gained.
4-1 Cronbach's Cocfficient (Alpha)

This coefticient is used 1o determine the internal coordination of the measurements
through recognizing the Int::rn;ﬂ Consistency Reliability (ICR).

That test uses the answers collected of all given questions to evaluate the degree of
coordination and to evaluate the extent in which every question measures the same
conception.

‘I'hese questions are reluted to cach other and the most comumon test to measure the
(ICR) is what we call Cronbach coefficient where the value of stability, applied on a
primary specimen (no of cases =25.no of 1tems=38}, reaches 93.4% and that indicates
the aceuracy of the test and the stability of its results that it is almost infalliblec.

In other words, the possibility of dependency on the measurements indicales the
stability and the unity in (he scale make it reliable to use in our questionnaire.

4-2 Questionnaire form as a sample of the record

Here enclosed a copy of the queslionnaire form as a sample of the record of quality

evaluation:
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4-3 Results of local software quality characteristics
In this section we demonstrate the obtained results of our survey using MeCall's
characieristics (O=poor , 1=good , 2=very good . 3=cxcellent):

4-3-1 Usability

Grade Subcharacteristic
[N Operability
1.73 Training
1,73 Communicativeness
161 10 volume
63 [/O) rate

Table 4.1 Sub characteristics of usability

usability

o LT =) Dol D
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Figure 4.1 Sulb: characteristics of usability

From fgure 4.1, we notice that the usability is not on the required level ,because some
of the instituies in Libya such as Banks and the Arabian Gul{ Oil Company, use

DOS operating systems which lacks the user interface.

4-3-2-Integrity

Grade | Subcharactristic

1.77 Access Control

1.49 Access Audit

Table 4.2 Sub characteristics of integrity
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B Integrity

' Arcess Control  Access Audit

Figure 4.2 Sub characteristics of integrily

From figure 4.2, we notice that the integrity is not on the required level \because some
develapers don'l pay attention to protect their systems by using weak databases

instead of the most protected databases like (ORACAL and SQL SERVER }.

4-3.3 Efficiency

Girade Subcharactristic
1.37 Efficiency Storage
1.44 Execution Lfficiency

‘Table 4.3 Sub characteristics af Efficiency

Efficiency

1.45
1.4

1132 ] . . B Efflciency

Storage Execution
Efficiency Efficiency

Figure 4.3 Sub characteristics of Efficiency

From figure 4.3, we notice the cfficiency is not on the required level ,because some
developers don't use databases which automatically compresses the data to make more

space (storage efficiency } .
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4-3-4 Correctness

Grade | Subcharactristic
1.46 Traceability
1,45 Completeness '
1.03 Consistency

Table 4.4 Sub characteristics of correctness

Correctness

15

1
0.5

1] m {grrectness

-y "
'ﬁ > &“{\é’ : @{‘d
& S &F
Ny 3 ¢

Figure 4.4 Sub characteristics ol correetness

From figure 4.4, we notice that local software suffer from weakness in design and
documentation, and local software is suflering of compatibility with demands of

client, it means that some sofiware is not compatible with the client requirement,
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4-3-5 Reliabality

Grade | Subcharactristic
1.44 Accuracy
0.87 Error tolerance
1.0 Consistency
1.6 Simpheity

Table 4.5 Sub characteristics of reliability

Reliability

2
v

15 1

= Reliability
05 1

e

Accuracy Exror  Consistency  Simplicity
tolerance

Figure 4.5 Sub characteristics of reliability

From figure 4.5, we notice that the most of the local software is not reliable due to
continues changes of the management decisions and requirements , this eflects the
reliable of the local software

4-3-6 Maintainability

Grade Subcharactristic
1.32 Consistency
w124 Simplicity
1.1 3_ Conciseness
{1.89 1  Self descriptiveness
1.0} Maodulanty

Tahle 4.6 Sub characteristics of maintainabiliry
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Figure 4.6 Sub characteristics of maintainability

From figure 4.6, we notice that local sofiware need time and effort for maintenance

and that means they are not well designed for the future maintenance.

4-3-7 Testability

Grade | Subcharactristic
".ij’ Simplicity
093 Instrumentation

Table 4.7 Suk characteristics of reliability

Testability

Simplicity

Instrumentathon

O Testability

Figure 4.7 Sub chareteristics of testability
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From figure 4.7 . we notice that local software do not use programming tools for

testing the sofiware to duetermine errors , but it is simple and easy somehow in lesting.

4-3-8 Flexibility

Grade Suhcharactristic
1.47 Expandability
1.17 Generality
1.15 | Self descriptiveness
1.03 Modularity

Table 4.5 Sub characteristics of Nexibilicy

Flexibility

m Flezibility

Figurs 4 % Sub characteristics of flexibilicy

From Figurz 4 8, we notice flexibility was better in expendability while less in other sub-

charactenstics.

4-3-9 Reusability

Grade Subcharactristic
-0.81 Generality
009, Sell” descriptiveness
"#1,03 - Independent Machine
0.79 $/W Independent
0.84 Modularity

Table 4.9 Sub characteristics of reusability
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I Reusability

m Reysability

Figure 4.5 Sub characteristics of reusability
From figure 4.9, we notice that reusability is weak in all its sub-charactenistics that
imply the difficulty in reusing the system or part of the sysiem in the system or
another system because some developers don't use modem programming languages
that support reusing code .

4-3-10 Partahility

Grade Suhbcharactristic
- 076 Self desenptiveness
. 1.01 Machine [ndependent
60 S/W Independent
0.81 modularity
Table 4.1¢ Saly characteristics of portability
Portability
12
1
0%
0.6
a4 -
0.2
0 m Fortability
\@g?# ﬂ-(bm &5§i
o] b’ﬂfq 6.&
& .
& s

Figure 4.10 Sub characieristics ol portability
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From figure 4.10, generally, portability is the weak point in Libyan local software
specially in software independent, that means difficulty in transferring the software 10
another environment communication between system and the other.

4-3-11 Interoperability

Girade | Subcharactristic
'0.84 #| Communication Commenality

S 0,744 Data Commonality
Table 4.11 Sub characteristics of interoperability

Interoperability

08s

0.8 . :
075 e N

07 ; / B |nteroperability
065 r

Com, Data
Commonality Commanality

Figure 4,11 Sub characteristics of intcroperability

From figure 4.11, we notice that interoperability is weak point specially in data

communication between system and the other .
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4-3-12 Software quality overall

CHARACTARISTIC Graile
Usability 1.68
Integrity ’i‘! 1??«4»"
Efficiency 1:3 )

Correctness .45
Reliabitity 3 44
Maintainability |- s 12675
Testability ) R
Flexibility 1320
Rcusahility 0.95
Portability 081
[nteroperability 0.84.-
b CAVG 1.275168118

Table 4.12 sofrware quality charcacteristics

o - -t»
& &g Q@"'@ & ﬁ‘@ 4«? "&
L ‘3\% é\"’

Figure 4.12 software quality characteristics

Vrom figure 4.12 we notice that quality was not in the required level, no characteristic
has reached the excellent or even the very good level. Most of characteristies were
good except the last three factors which were in a poor level.

We now explain the different viewpoint of the users, davé]ﬂpers and managers about

local software guality.
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CHARACTARISTIC m_nlﬁ’lﬂl;ﬂpﬁl{

Usahility 1.7} 1.60

Integrity 1.58 1.62
Efficiency 1.62 1.45 . 1.37
Correctness 119 1.32 1.25
Reliability .67 1.50 1.15
Maintainability 1.42 1.33 1.05
T'estability 1.3% 1.31 1.00
Flexibility 1.63 1.17 1.16
Reusability 0.98 1.02 0.85
Portahility 0.75 0.87 0.82
Intero perability 0.85 0.90 (.76

17501736821 27223600 M 1Y 5653 11230

Tahle 4.13 wewpmmsaﬁwa:e quality characteristics

Soltware Qualty Characiristics
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Figure 4,13 viewpoint software quality characteristics

Studying this charl, we notice that qualily was not in the requred level, no
characteristic has reached the excellent or even the very pood level. Most of

characteristics were good excepl the last three faclors which were in a poor level,
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And also we noticed that developers were better with the charactenistics: (reusability,
portability, interoperability) because they concern them more than the users and the
mAanagers. ,
The opinions of the users, developers and managers were different, also the resuits
were not the same for all characteristics. n our targeted organizations, the opinions of
munagéi's were better than those of the users and devei{)pcrs and that because of many
reasons:

» The managers have more years ef cxperience than the developers and the

users on the software .

» Scientific degree of managers are more than usces and developers.

e Years of experience'in the field of computers are equal with the developers.
Generally , [ support the point of view of managers because the final approval on the
software is made by them. While users had weak answers because they are in

experience than managers and developers.
4-4 Results of expericnce of users ,developers and managers

4-4-1 Years experiences on the computer

More than 5 vears | From 1 to 5 years | L.css than 1 years
User 45.54 36.03 14.85
Dieveloper 76.19 23.81 (.00
Manager 76.92 15.38 0.00

Table 4-14 Years experiences on the computer

More Lhan 5 years

1-8

Laag ihan 1 year

10.00

Figure 4-14 Years experiences on {he computer
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From figure 4.14 we notice that the developers and managers have more experience in
the computer than users.

4-4-2 Years experiences on the system :

More than 5 years From 1 to 5 years L.css than 1 year
User 30.69 32.67 33.66
Developer 42.86 33.33 15.05
Manager 69.23 30.77 0.00

Table 4-15 Years expericnces on the system

80 00
7000
S0.00
&1 00
40,00
33,00
2000
10,00
0.0:0

WUSER
= DEVELOPER
D pMANAGER

LN
-l

More S yaars from i1 to 5 Lass 1 yaar
yaars

Figure 4-15 years experiences on the system

From figure 4.15 we notice that the managers has more experiences in the system than

developers and users.

4-4-3 Ycears experience in the company

Less 1
More Syears | From 1 to 5 vears year
User 49,50 1267 17.82
Developer 76.19 9.52 14.29
Manager 76.92 23.08 0.00

Table 4-16 years expariences on the company
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from 1 to 5 years
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90.00
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5000
4300
3000
2000
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Figure 4-

From figure 4.16 we notice that the developers and managers have more experience in

the company than users.

4-4-4 Fducation qualification

L6 years experiences on the company

Post
graduwate | Graduate | High school | Junior high school
User 4.95 58.42 23.76 10.89
Developer G.52 76.19 9.52 4.76
Mauanager 23.G8 &1.54 15.38 0.00

Table 4-17 education qualification

80.00
70.00
80.00
50.00
40.00
30.00
20.00
-+ 10.00
0.00

Graduate

Fost graduate High =chool Junior high

school

Fipure 4-17 education qualilfication
From figure 4.17 we notice that the developers and managers have high level

education more than users.
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4.5 Results from personul interviews

Through our interviews ,Generally, according to our study, lecal software quality is

dWCTage,

We have noticed that most of our ocal organizations have no documentation for the
systems to be able to solve the problems of maintaining and developing.

Also. we have neticed that reusability had weak rr:sult.s because most developers use
the structural programming instead of object onented prngmmming[\‘jﬂ?].
(Object-oriented technology is one of the most widely used paradigms for developing
software systems. Researchers assert that QO practice assures good quality software.
QOP helps more in maintaining and developing the system and that can save more
time , effort and costs.

We have noticed that pnrtahili.t}' has weak results because some programmers use
programming language that does not support this characteristic. This problem can be
solved by using programming languages that support this characteristic {portable
programming languages) like: Java that uses virtual machine or .Nc-t languages that
uses common language runtime (CLR).

We have noticed that interoperability has weak results and that can be solved by using
modern technologics as Web service, that is a software system designed to support
intcroperable machine to machine interaction over a network. [t has an interface
deseribed in 2 machine processable format (specifically WSIDL). Other systems
interact with the Web service in a manner prescribed by its description using S0AP
messages, typically conveyed using HTTP with an XML senialization in conjunction
with other Web-related standards [22].

Also we noticed that some developers are not aware of methodologies in software

CNEIneering.
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Chapter Five

Conclusion and recommendation

4

5-1 Conclusion

Stud}‘i:}g the quality of software and its evaluation.is not a subject that you can
contain in one study. 1t deserves many studies {0 cover it with all its embranchment .
we have (ried to cover an essential part of it hoping o get to an important step in
developing and improving the performance of the seflware programs in Libya. 1t's
the survey on the relative importance of the software quality. When we say relative,
we imply to the difference in quality charactenistics order from one consumer to
another. These relativity c;*eate the importance of the survey and s inlegrity in
reflecting the suitability of the software to each consumer environment with all its
variables and requirements. This survey is 2 mutual interest between all the parties
involving in using, developing or producing the product. Investigating the qualily of
the soflware may be the first step in reaching high performance software since the
application of the software in real life is the true judge of the product. Enhancing and
generalizing the survey method for better obtaining data could be a major step in this
process. 1t is more logical that the checklist nade to reflect the guality and high
performance requirements , should be made periodically 1o adopt with the change in
the projects eperation and the rapid development in the field of computer technology.
The proposed methodology starts from the need to oblain an integrated software
quality measurement, which answer the technical, economic and social needs that
form the 1otal structure of every organization operations, which however is not often
presented in a unitary view, Starting from a questimln;;irc filled out individually,

gathering the opinions of users, developers and managers about the quality perceived
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in a certain product, it is possible to obtain a single numerical valuc useful at the
managemenl level to take economical decisions for the future. Our checklist is based
on the current McCall's model and the procedure is in line with upceming revisions
of this standard.

The environments used for the surveys are the Libyan organizations as the axis of
our intérest.

We have reached a conclusion, afier applying our study and analyzing the data

collected that Libyan local soflware not in the required level,
5-2 Recommendation

As we menlioned the quality of software and the questionnaire made to search the
high performance , it is recommended that we cducate the inghitution of the high
importance of this questionnaire for everybody and that it is not a record of their
operations or any other kind of detection that may break the secrecy of the company
and its business. That will help to eliminate the hesitation in giving lrue statements or
any other kind of fear might be generated. On the other hand, it is advisable that the
institutions ensure the compatibility of the software with the universal standard before
applying the software on (heir operations to avoid the negative elfcct on the long run
business.

Instructing university and high institutions students the methodology of software
engineering and accentuate on its importance in designing and programming software.
Documentation must have ils importance in designing any software for the future
developing and maintenance,

Establishing a local division for a local standard which comply with the universal
standard and function as a conlrol on local ﬂrganizatinns- producing and developing
software to assure the stabitity of the seftware standard.
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[ recommend the future work in the same field to add the database and the
programming language as two additional elements in their questionnaire since they

are closely related to the software quality. Also they must expand the base of search

to cover the different regions of Libya.
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