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ABSTRACT

Software quality has emerged as pivotal aspects of any software development process. Quality of software depends on the
process followed during its development. Factors affecting the quality of software are identified from among the quality
models, on the basis of the most common, crucial and critical ones. Further, understanding of the sub factors influencing
the software quality is essential to any software development process as quantification of quality is based on its sub
factors. The identification of factors and as well as sub factors was done on the basis of the literature survey by studying
the various software quality models and by intuitive analysis. The results in the form of categorized, logical and
understandable hierarchy of sub factors benefit software developers and academicians.
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INTRODUCTION

In recent times, the growth of software has increased
manifolds. Software products are developed for corporate
world as well as for individuals. With the increase in the
availability of software the focus has shifted on software
quality evaluation and enhancement [1]. Catastrophic
failures are increasing and are potentially more damaging.
Quality of large programs depends upon the quality of
smaller programs [2]. Today’s user is aware of the
expectations from the software and during the selection of
software product the user validates the quality of the
software product, in terms of quality factors. The customer,
if at all rejects the software product during the selection
process means the failure of the software product in the
market [3]. Improvement of quality after the completion of
software is unadvisable as it increases the cost and is almost
remaking the product [4]. To overcome this catastrophic
issue the evaluation of software product quality is proposed
at developer’s perspective during the formulation of software
product. Many of the studies in the past have focused on the
measurement aspect of software quality but very few have
analyzed the various critical and crucial factors that affect
the software quality. However, much of the previous studies
discuss about the technical aspects of the development
process with the little attention to the low level quality
attributes such as CPU usage time, robustness, correctness
etc. Software quality does not mean merely meeting the
functional requirements. It is not adequate to specify quality
merely stating that software shall have high performance,
portability, security and is usable by the users. High level
quality requirements as specified are virtually useless for an
application because they are incomplete, vague, unclear and
impossible to verify. These requirements can be thought as
high level goals rather than specific requirement. So it is
necessary to decompose the term quality into its vital and
crucial factors and their sub factors.
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Section 1l contains details of related studies. Objectives of
the study are discussed in Section Ill. Quality factors are
explained in Section IV followed by sub factors in Section
V. The paper is concluded in Section VI.

I. LITERATURE SURVEY

Software quality models lay a schema for evaluation of
quality. The software quality models help in building better
quality software by providing the relationship between the
internal and external quality attributes. Prominent well
known software models are McCall model, Boehm model,
ISO 9126 and Gillies Relational model [5].

Jim McCall in 1977 identified three main product
quality perspective: Product operation, Product transition
and Product Revision. Eleven quality factors grouped into
these categories were formulated having 23 sub factors
[6]1[7]. However, the model lack in measuring the quality
factors [8]. The McCall quality model efficiently creates a
relationship between quality characteristics and metrics
however, it did not consider the functionality of the software
product.

Barry Boehm in 1978 introduced a quality model
similar to McCall model having characteristics up to 3 levels
called as Boehm quality model. Despite many characteristics
are given in this model, but it does not mention any means to
measure and evaluate the quality [9].

ISO 9126 quality model proposed in 1992 divides
factors into two levels: Characteristics and sub
characteristics. The model does not attempt to measure

quality [6].

The Gillies Relational Model focuses on the relation
between the attributes. Attribute A may reinforce attribute B,
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but attribute B may not reinforce attribute A. Further again,
there is no weight assigned to any of the quality attribute to
judge its importance or assign any value to the attribute [5].

The Dromey quality model introduced in 1996 by R
G Dromey, intends to increase the understanding of the
relationships between the attributes and sub attributes.
However, the model lacks the criteria for software quality
measurement [10].

Il. OBJECTIVES OF THE STUDY

Keeping in view the research gap in area of quality factors
the specific objective of this study is to evaluate the vital,
crucial high level quality factors and to identify, analyze and
categorize the various sub factors of these crucial factors in
predicting quantification of quality.

I1l. IDENTIFICATION OF QUALITY FACTORS

It is evident from Section Il, that four quality models namely
McCall, Boehm, ISO 9126 and Gillies relational quality
models are leading and famous models having renowned
popularity. Each of these models has listed a number of
quality characteristics.

Table 1: Quality Characteristics Addressed in the
Quality Models

Model McCall | Boehm | ISO | Gillies

9126 | Relational
Quality
Characteristic

Correctness X

Efficiency X X X

X[X| X

Flexibility

Human X
Engineering

Integrity

Interface facility

XXX
XXX

Maintainability

Modifiability

Portability

XXX |[X

Reliability

Reusability

XXX ([ X

Testability

7
N
10SR

considered as quality factors by all the quality models. Table
1 also highlights the other factors of quality as proposed by
various quality models.

It is evident from Table 1, the quality factors in the
various software quality models namely; McCall quality
model, Boehm quality model, ISO 9126 and Gillies
Relational model have more or less similar quality factors.
The common quality factors prevalent in all these models
are: Efficiency, Maintainability, Portability, Reliability and
Usability which have emerged as the well known quality
factors and are generally considered as most related to the
quality of the software. The remaining factors are indirectly
integrated within all other models.

IV. IDENTIFICATION OF QUALITY SUB FACTORS
The identified software quality factors are non-quantifiable
[61[51[8]. Schulmeyer [11] believes that software
measurement is an essential component for a high
performance software quality product. Factors, subjective in
nature, need to be measured to evaluate the quality. There is
a necessity to break the quality factor into segments
comprising of sub factors. Software quality sub factors from
one perspective are the characteristics that define quality
factors. On the basis of quality factors the list of the quality
sub factors for the corresponding quality factors have been
identified as under. For each of the quality factors the listed
corresponding identified sub factors are those which are
fundamental, elemental and indispensable from among the
other ascertained sub factors.

Factor 1: Efficiency

Efficiency characteristic means the product ability to offer
sufficient efficiency and using reasonable amount of
resources when product is being used in specified
environment. In totality the number of identified sub factors
is seventeen but the most relevant eight sub factors are
tabulated in Table 2 for the quality factor efficiency
[12][13][14][[15][16]. Efficiency is more correlated to
performance of a system. The key sub factors are in the form
of resource and time related parameters.

Table 2: Sub factors for Efficiency

X
X

Understand
ability

X
X
X

Usability

S. Sub Factor
No.

Description

Table 1 represents the models in accordance with the quality
characteristics. The symbol X is used to signify the
corresponding quality characteristic is portrayed in the
subsequent quality model. It is evident from the table that,
the quality characteristic efficiency has been adjudged as one
of the quality factor by all the quality models. Similarly,
maintainability, portability, reliability and usability are
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1. | Time behaviour | Product’s ability is judged on
the basis of response time for a

given throughput.

2. | Resource Ability to use resource

behaviour optimally to complete the task
in terms of i.e. memory, CPU,
disk, network usage, etc.
3. | Efficiency Maturity to obey standards and
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compliance regulations regarding
efficiency issues in specified
environment.

4. | Replytime Ability to respond with output.
5. | Processing Rate at which the data is
speed converted into information.

6. | Execution Product’s run time efficiency

efficiency of the software.
7. | Hardware Degree to which the software is
independence dependent on the underlying
hardware.
8. | Robust It is the degree to which an

executable  work  product
continues to function properly
under the abnormal condition
or circumstances.

Factor 2: Maintainability

Maintainability characteristic implies the product ability to
be changeable, sustainable and updatable. From among a list
of twenty two identified sub factor related to maintainability
factor the most helpful and useful sub factors of
maintainability are tabulated in Table 3 [14][15][17][18][19]
[20][21][22][23].

Table 3: Sub factors for Maintainability

S. Sub Factor Description
No.
1. Analyzability The capability of the

software product to be
diagnosed for deficiencies or
causes of failures in the
software or for the parts to
be modified to be identified.

2. Changeability The capability of the
software product to enable a
specified modification to be
implemented.

3. Stability The capability of the
software to minimize
unexpected effects from
modifications of the
software.

4. Testability The capability of the
software product to enable
modified software to be
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validated.

Correctability

The ease with which minor
defects can be corrected
between  major  releases
while the application or
component is in use by its
users.

Extensibility

It is the ease with which an
application or components
can be enhanced in the future
to meet the changing
requirements.

Reusability

The rate to which the used
components of the product
can be reused on another
product or system.

Modularity

The rate to which the
product is build from
separate components so that
change to one component
has minimal impact on the
other components of the
product.

Adaptiveness

It is the ability of the product
to accept  the new
environment, new hardware,
new operating system, new
supporting software.

10.

Perfectiveness

Ability to perform accurately
under all circumstances.

11.

Preventiveness

It is the ability of the product
to anticipate future problems.

12.

System age

It is the period since the
release of the product.

13.

Understandability

The capability of the
software product to enable
the user to understand
whether the software is
suitable, and how it can be
used for particular tasks and
conditions of use.

14.

Documentation

Provision of programmers
manual that explains
implementation of
components.
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15. | Error debugging It is the meantime to debug,
find and fix errors.

16. | Maintainability The rate of how well product
Compliance adhere to the standards and
regulations regarding
maintainability.

Factor 3: Portability

A portability characteristic means the products ability to be
portable from one environment to another. The list of
identified sub factors contained twenty one of them however,
the most effective nine sub factors are highlighted in Table 4
as  sub  characteristics  for  portability  factor
[24][25][26][271[28][29][30][31].

Table 4: Sub factors for Portability

specification.

7. Reusability

It is the ability of the
product to be used more
than once and also to be
used in different
environments.

8. Transferability

It is the effort to transfer the
product from one to another
hardware, and also from one
to another operating system.

9. Flexibility

It is the products ability to
be usable in all possible
conditions for which it was
designed.

Factor 4: Reliability

Reliability attribute means the rate to which the product or
component executes its functions under stated conditions in
specified period of time. Thirteen sub factors are tabulated in
Table 5 pertaining to reliability factor from a total of twenty

S. Sub Factor Description

No.

1. Adaptability The capability of the
software to be modified for
different specified
environments without

applying actions or means
other than those provided
for this purpose for the
software considered.

2. Installability The capability of the
software to be installed in a
specified environment.

3. Coexistence The capability of the
software to coexist with
other independent software
in a common environment
sharing common resources.

4, Replaceability The capability of the
software to be used in place
of other specified software
in the environment of that

software.
5. Portability The rate of how well
compliance product adheres the

standards and regulations
regarding portability.

6. Conformance It is the rate to which the
product meets the
requirement defined in the
SRS and design

five identified sub factors [15][19][32][33][34].

Table 5: Sub factors for Reliability

S. Sub Factor

Description

The capability of the
software to avoid failure as a
result of faults in the
software.

The capability of the
software to maintain a
specified level of
performance in case of
software  faults or of
infringement of its specified
interface.

Precision of computations
and output.

1 Maturity

2 Fault tolerance
3 Accuracy

4 Completeness

Degree to which a full
implementation  of  the
required functionalities has
been achieved.

5 Recoverability

The capability of the
software to reestablish its
level of performance and
recover the data directly
affected in the case of a
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failure.

6 Survivability It is the degree to which the
essential services continue to
be provided in spite of either

accidental or malicious harm.

7 Consistency It is the use of uniform
design and implementation
techniques and notation
throughout a project.

It is the ease with which the
software can be understood.

8 Simplicity

9 Error tolerance It is the degree to which a
product continues to function
properly despite the presence

of erroneous input.

10 Statistical The
behaviour

portability that the
software will operate as
expected over a specified
time interval.

11 Availability The rate to which the
component or system is
operational and accessible
for use when required.

The rate with which the
component  prevents the
unauthorized modification of
or access to system data.

12 Integrity

13 Reliability
compliance

The rate of how well product
adhere to the standards and
regulations regarding
reliability.

Factor 5: Usability

Usability quality property covers the products ability to
allow specified users to complete the needed task in defined
context of use. In the literature survey a total of nineteen sub
factors were identified for usability though in Table 6 the
most related and effectual twelve sub factors are tabulated
[61[22][35][36][371[38].

Table 6: Sub factors for Usability

S. Sub Factor
No.

Description

1. Understandability The capability of the

7
N

10SR

whether the software is
suitable, and how it can be
used for particular tasks and
conditions of use.

2. Learn ability

The capability of the
software product to enable
the wuser to learn its
applications.

3. Operability

The capability of the
software product to enable
the user to operate and
control it.

4, Attractiveness

The capability of the
software product to be liked
by the user.

5. Ease of use

The rate to which the user
finds the product easy to
operate and control.

6. Communicativeness

Ease with which inputs and
outputs can be assimilated.

7. User friendly

Ease with which the
component can be operated.

8. Accessibility

It is the degree to which the
user interface enables users
with common or specified
disabilities to perform their
specified task.

9. Customer
satisfaction

It is the degree of the user’s
contentment in the usage of
the component.

10. | Documentation

It is the availability of
manuals and other
supporting documents for
support of the user in its
operation

11. | Training Ease with which the new
users can use the system.

12. | Usability The rate of how well

compliance product adheres the

standards and regulations
regarding usability issues in
specified environment.

V. CONCLUSION

From the above discussion, it may be concluded that the

software product to enable : L .
P fundamental, crucial and decisive quality factors are

the user to understand
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efficiency, maintainability, portability, reliability and
usability. The various imperative, relevant and key quality
sub factors are engineered which can result in a more
complete requirements specification for enhancing the
software quality. The sub factors were categorized into a
logical understandable hierarchy which is easy to use and
learn while predicting quantification of quality. The
identified sub factors are quantifiable in the sense that:
whether training is conducted regarding the use of software,
whether the software responds on encountering an error,
whether the software is workable in diverse operating
environments, whether modules are used in the development
of software. The replies to these queries facilitate in
quantification of quality. ldentification of low level sub
factors benefit software developers and academicians for
assessing the precise design requirements during the
development process. In future these low level
characteristics can be validated by using the various software
metrics.
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