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SQAREM-A Customized Model for SQA, Reuse

Ashwin Tomar, V.M.Thakare

Abstract—In the era of Information technology, Quality is major competing weapon in all sectors to gain the market share, productivity,
performance and profitability. The software development with reuse promises many benefits like reducing efforts, cost, time, and schedule
but involves many constraints. Quality assurance means assuring the quality. In this a model SQAREM is proposed which involves Input,
Output factors and metrices, tools. The Input factors are monitored, controlled to imbibe quality into the system, application. The model is
based on ISO 9126 model and can be customised as per the user needs. It can be evaluated on basis of model's criteria using metrices of

quality and reusability.

Index Terms—Analytic hierarchy process (AHP), SQAREM - Software Quality Assurance Reuse Evaluation Model, SQCP - Software
Quality Control Process, and SQAP — Software quality assurance process.

1. INTRODUCTION

OFTWARE plays a pivotal role in sectors like banking,

railway, medical services, telecommunication, transporta-

tion & defense services. In fact, it is woven into the threads
of our daily life and almost impossible to think without soft-
ware as an integral element. It is becoming omnipresent in
mobile, website, and internet and embedded technologies.
Seeing the ever increasing dependence over software there is
need for further research in the field of software. Thus it may
be said that the ravaging effect of the software is not only on
individual and organization level but also at national and in-
ternational levels. The pressing need arises for speedily soft-
ware development with quality. This is achieved through re-
use. This leads to quality software by improving requirement,
removing hundred percent deficiencies from various phases of
software development. In general, software is a troubled tech-
nology plagued by defects, project failures, cost overruns,
schedule overruns, and poor quality level.

Software quality evaluation is defined as "the systematic
examination of software capability to fulfill quality require-
ment". The software quality model is defined as "a set of char-
acteristics and sub-characteristics, as well as the relationships
between them that provide the basis for specifying quality
requirements and evaluating quality'[4]. The software devel-
opment is dynamic process. The process adopted for develop-
ing software needs to take into account various factors. Identi-
fying factors of software quality assurance are human centric
process, involving time and will optimize the software devel-
opment activities to bring profit to industry. Based on these
factors a model is proposed. The factors are classified and
grouped into Input, Output and metrics, tool. The quality, re-
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usability characteristic can be evaluated using metrics, tools

which are considered as the Output of models. If the system is
developed from the beginning then the Input parameters can
be controlled, monitored to build quality into the system.

This paper is organized as follows: In Section 2, we at-
tempt to summarize the survey of literature on quality models
and factor associated with SQA, reuse. In Section 3, deals with
identification and classification of factor on software quality
assurance. In Section 4, the parameters and metrices are de-
scribed for evaluation of process, quality characteristics and
quality models. Section 5, proposes a model which comprises
Input, Output Factor and metrics. Finally we present conclu-
sions and future work.

2. LITERATURE SURVEY

The quality of software is affected by elements like defect
level, origin, severity, complexity, reliability, schedules, budg-
ets, portability and many other factors. The research papers on
different type of model were searched and found associated
with different words like Prediction, Classification, Analysis,
Measurement, Estimation, Improvement and Quantification.
Pendharkar et.al. [1], proposed a model for estimation of soft-
ware development efforts. He suggested use of Quality mod-
els which bridge the gap between metrics and characteristics
of software. Balaswaminathan et.al. [2], considered process to
be built with a set of various activities which are controlled to
have better control over the entire process. Metrics are used to
control the process.Ting-Peng et.al [3] tried to show that Soft-
ware quality is influenced by information diversity, task con-
flict, learning in project team. Taghi khoshfgoftar et.al [4, 5, 6,
and 7] used quality model to identify program modules that
are defective and improve the fault detection process. Finding
faulty components in a software system during early stages of
software development process can lead to a more reliable final
product and can reduce development, maintenance costs &
resources effectively. His research paper shows use of tech-
nique like genetic algorithm, rule based decision, evolutionary
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sampling, fluzzy & semisupervised clustering, case based rea-
soning, regression tree algorithm[8], Principal component
analysis[9], neural network[10], tree based approach[11] relat-
ed to software quality classification, its enhancement & quality
modelling. O.Alshathry et.al [12], suggested use of defect con-
tainment matrix for optimization of software quality assur-
ance. Defect containment matrix should be used for defect
detection and removal. D.C.Kirk et.al [13], proposed a frame-
work for modelling software processes that supports represen-
tation and comparison of different kinds of software process.
J.Eckroth et.al [14], suggested a method for determining how
functional requirements affect software quality. A functional
modeling framework is proposed that includes a controlled
language for requirements specification and assess software
qualities. Information entropy metric is suggested to measure
the significance of each software requirement. Using this
method the designer can identify which requirements, when
implemented, will affect software quality. Metrics are used by
the software industry for analyzing, designing, developing,
implementing and maintaining of software. Metrics were sur-
veyed based on quality assurance and reuse which can be seen
in paper [15]. Metrics provide basis for analyzing, measuring,
comparing, evaluating all characteristics of product, process
(quality assurance and reuse). The different types of metrices
were classified into traditional metrics, object oriented metrics,
quality metrics, defect metrices, reuse metrics, repository
metrices. Ejaz, Zafar et.al [16], proposed a quality assurance
model for systematic verification and assessment of the analy-
sis phase. If defect is not detected during requirement i.e anal-
ysis phase it increases the cost of the product. As per them
fifty percent development efforts get reduced if defects are
removed at analysis phase itself. Hence the author proposed a
model. The model provides a roadmap to the quality assur-
ance people to conduct their activities in a systematic manner
during the requirement analysis phase. The main elements of
evaluation in this phase are the people (capable team to gener-
ate checklist), the process (standard and should be in manner)
and the product documents (SRS, IRS i.e. software require-
ment specifications and interface requirement specification).
A. Corporation et.al [17], suggested that predicting software
defect introduction and removal rates, COQUALMO variants
are useful for identifying appropriate defect reduction strate-
gies. COQUALMO model can be used in different ways to
reason about and optimize quality processes. Caper Jones et.al
[18], has worked on defects. He suggested three bad quality
metrices a) cost per defect; b) lines of code; and c) technical
debt. The two good metrics are: a) function points, for normal-
ization of data; and b) Defect removal efficiency, for measuring
the percentage of bugs found prior to release and afterwards
via maintenance. He suggested defect removal efficiency i.e
DRE as one of the commonly used metrices for measuring the
efficiency of defect removal at various stages of software de-
velopment life cycle. An organization can measure the effec-

tiveness of their quality assurance process based on the num-
ber of defects found in the product before and after its release.
Klas, Elberzhanger et.al [19], suggested framework - Quality
Improvement Paradigm (QIP) for systematically improving an
organizations development processes in a continuous manner
to support small and medium sized enterprises in developing,
optimizing, and adapting a Quality Assurance strategy best
suitable in their context. The framework and process model
for the balanced optimization of quality assurance integrates
approaches of defect flow model. Zander Nowicka et.al[20],
presented an Quality Assurance framework is proposed for
modeling the system services, transforming them into failure
detectors, deriving failure mitigators, and test cases based on
those services. Ominguez Mayo et.al[21] proposed quality
evaluation framework (QuEF-Ts) to manage quality in model
driven web engineering (MDWE) and extended to cover
all quality management process. The framework has a model
which manages quality. Becker, Lew et.al [22], suggested spe-
cific strategy called SIQinU (Strategy for understanding and
Improving Quality in Use) which allows recognizing problems
of quality in use through evaluation and proposes product
improvements by understanding and making changes on
product attributes. As per L. Zhao et.al[23] open source soft-
ware development is a methodology to improve software
quality assurance, it is faster and safer rather than traditional
methodology, especially in case of large scale systems.
Behkamal, Akbhari et.al [24] proposed a model after customiz-
ing ISO 9126 model and applied for web and B2B application.
Phongaibul & Boehm et.al [25] showed in "Improving Quality
through Software Process Models in Thailand" that Thailand
people have different culture values and hence found it diffi-
cult to implement the Software Process Models. Models given
by SEI and USA (e.g. CMM, CMMI) are more tailored to west-
ern cultures.

3. IDENTIFICATION, CLASSIFICATION & GROUPING
FACTORS

Identifying factors are human centric process, involving
time and will optimize the software development activities to
bring profit to industry. The software development is dynam-
ic. The process adopted for developing software needs to take
into account factors. Mapping is required between various
factors to optimize the process of software quality. The journey
of software development involves major activities like i.e
Quality Assurance Process SQAP (Input), Quality Control Pro-
cess SQCP (Measure) & Software as end product SAEP (Out-

put).

SQAP - Software Quality Assurance Process - is the process
involves building quality into the product through various
phases which are requirements gathering, converting re-
quirement into the design phases, implementing the product
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developed, maintaining the product. There are developmental
approaches like structured, object oriented, component, web,
embedded based development [8]. For any process the goal
has to be defined. SQAP determines whether everything is
going according to polices standards and procedures and
practices.

SQA is about providing assurance about the working of the
product. It is an expensive time consuming process. SQA is the
responsibility of separate independent group. It is involved in
improvement of process and product. It works like the road
police, here it is process police. Thus it is a preventive ap-
proach and prevents faults from occurring by enforcing rules,
methods & policy. It prevents defects from occurring. There
are many factors influencing the quality assurance process.
The papers were downloaded from Internet and read number
of times to find factors of SQA listed in research paper [29].
They are Planning, Standards(for Code, Design), Rule, Legal
Procedure, Documentation (of Process & Product), Guidelines,
Responsibility, Technology, Right Conduct, Authority,
Approvals, Environment, Culture, Risk, Size, Report, Reuse
(code and design), Virtue & Ethics, Cost involved, Efforts,
Practice, Schedule, Schedule Pressure, Approaches, Tech-
niques, Feedback/Customer satisfaction, Output, Tool, Time
limit(deadlines), Revision, Checklist, Manuals, Inspection
(code), Budget Pressure[28], Resources, Process Metrics. There
are some more factors affecting SQA like Information Diversi-
ty, Task conflict, Learning Management, Methodologies, Cycle
Time, Complexity(in process, code), process maturity, Security.
Some factors are classified under influencing factor which are
type of Development(model used, language used, reuse level),
Goals (for Quality attributes e.g. reliability, Quality levels i.e.
high, medium, low), use of new Technology e.g. Ajax, Re-
sources (efforts i.e.7/8 hours, experience, time, team size), Arti-
fact (based on Size, Complexity, Defect density, Extent of qual-
ity), Tools e.g. QTP. Some factors often vary and hence classi-
fied under as variable factors like Focus (Quality attribute,
defect class), Resources (Effort, Team Size, Experience),Scope,
Entry/exit criteria (reading techniques), Inspection, Testing
(tool, test execution, test methods).These factors in some or
other way influences the quality assurance process thereby
imbibing, accumulating adding quality drop by drop into
software. Many times it is seen that these factors if not taken
care starts eroding, eating the quality from software. So all the
factors have to be taken care of.

SQCP - Software Quality Control Process - It is corrective
approach. It finds faults, corrects faults when occur. Testing
and Quality are like two sides of same coin. The following
factors or activities are associated with SQCP are Examining,
Monitoring, Inspection, Measuring/Measurement (process,
product) [8] [29], Evaluation, Testing (test plan), Continuous
Improvement (ongoing effort to improve the quality of prod-

ucts, services or processes), Audit (fail/pass) Improvement
(process, product), Product Metrics, Product Evaluation,
Feedback (output), Evaluation Report [29].

SAEP - Software As End Product - SAEP i.e. output - Product
which is obtained is measured, checked and used further. Var-
ious techniques like regression tree, case based reasoning,
neural network, genetic algorithm, Bayesian Network, Princi-
pal component analysis, Fuzzy logic, Function points, metrics
based are employed by authors for estimating the quality of
the product[29].

4. PARAMETERS & METRICES USED FOR EVALUATION

Software is the set of instructions to acquire the inputs and
to process them to produce the desired output in terms of
function and performance as determined by the users of the
software. While developing an application different method-
ology, approaches are involved like ISO, CMM which impacts
quality factors. The various quality models like Mc Calls,
Dromey's, ISO 9126, and FURPS are proposed which are based
on Characteristics/ Factors, Sub-Characteristics, Attributes.
Quality models bridge the gap between metrics and character-
istics of software. Quality models have many uses and are
proposed to improve, built, predict & assure quality of soft-
ware product. They are proposed to optimize the cost of quali-
ty. They serve as tools for focusing software development ef-
forts. Metrices are used for monitoring, controlling, measuring
the process and its activities like requirement gathering, re-
moving defects, testing, quality factors[15]. The reuse of quali-
ty components are used to speed up the development of appli-
cation, system. The quality factors can be measured using met-
rics. The similar type of relationship can be shown in Fig 1.1.
The figure shows use of different approach methodology (ISO,
CMM) impacts quality factor like reliability, functionality, usa-
bility, portability, maintainability.

IEEE Standard 12207 defines Quality Assurance as “a pro-
cess for providing adequate assurance that the software prod-
ucts and processes in the product life cycle conform to their
specific requirements and adhere to their established plans”
[30]. Software reuse is the process of creating systems from
existing software rather than building them from scratch.
Software reuse means artifacts are used in more than one pro-
ject or system. Reuse of requirements, code, modules, compo-
nents, design, architecure, test plans, test cases can be done in
form of artifacts. The benefits from reuse are reduction in cost,
development time and increase in productivity. Reuse and
reusability are two major aspects in object oriented software
which can be measured from inheritance hierarchy. Reusabil-
ity is a property of a software asset that indicates its probabil-
ity of reuse. Metrics can be used to evaluate reuse and reusa-
bility of object oriented software like Depth of Inheritance
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Tree (DIT), Number of Children (NOC), Method Inheritance
Factor (MIF) and Attribute Inheritance Factor (AIF) [32]. The
paper estimates quality in terms of characteristics, sub-
characteristics.

5. PROPOSED MODEL & ITS CRITERIA FOR
EVALUATION

The Proposed model is shown in form of chart, Fig 1.2. The
model shows criteria for Evaluation of model. The model rep-
resents different level 1, 2, 3, 4. The Level 1 represent the clas-
sification Criteria. The Level 2 represents the Input Factors/
Characteristics which are Requirement, Process-Progress-
Control-Improvement, Testing & Defect removal, Reuse, Or-
ganization & Business, Tool Technique Technology, Human
resources. Output Factors evaluates the Quality i.e functional-
ity, usability, reliability, portability, maintainability, efficiency.
The Evaluation is also controlled, checked by using metric,
tools and auditing. Level 3 represents Sub-characteristics un-
der Characteristics. In this Characteristic i.e. FACTOR i.e of
requirement the Sub-characteristics are complete, unambigu-
ous, certified correct, modifiable. The Level 4 represents the
Attributes. The fig 1.2 represents Model SQAREM.

SQAREM is multidimensional model which involves use of
metrics for evaluation. It is based on various Fac-
tor/Characteristics like quality, process, components, testing,
defect, technique, tools, metrices, and human resources. Each
FACTOR has many attributes/sub characteristics which influ-
ences it. It involves quality assurance of various parameters of
system, application, and project. The criteria for evaluation
(output result) are based on parameters ISO 9126 model. The
factors evaluated for quality are functionality, usability, relia-
bility, portability, maintainability and efficiency. The Factors
are classified into Input (internal), Output (external) and
Metrices measuring them. If the project is already developed
and its Quality parameters is to be estimated in that case
Characteristics or Factors are only considered. There are the
Output Factors like i.e functionality, usability, reliability, port-
ability, efficiency. The Input factor is listed under 5.1, 5.2, 5.4,
5.7, and 5.8. These Factors/Characteristics and Sub-
characteristics are controlled using metric or tools. The model

is explained in more details here [33]. The criteria associated
with the model are explained herewith. The complete model
with its criteria is shown.

5.1 Requirements
Requirement is associated with following parameters.
L Consistent

ii. Clear
iii. Usable
iv. Unambiguous
V. Complete
Vi. Verifiable
vii. Correct
viii. Modifiable

5.2 Process, Progress, Control & Improvement
The identified factors are logically grouped under process.

i. Planning
ii. Standard
iii. Rules
iv. Documentation
V. Guidelines
Vi. Technology
Vii. Team involved
Viii. Approvals

ix. Schedule
X. Techniques
Xi. Approaches

Xii. Input and output
Xiii. Resources used
Xiv. Improvement

XV. Maturity

5.3 Reuse

Reuse is associated with following requirement specifica-
tion, architectural design, code, components, template, tables,
patterns, test cases, documents etc.

5.4 Testing & Defects Removal

Process Testing (Input)  Product Testing (Output)

i) Checklist vii) Usability testing

ii) Review viii) Functionality testing
iii) Inspection ix) Interface testing

iv) Audit x) Performance testing
v) Walkthrough xi) Security testing

vi) Planning xii) Compatibility testing

5.5 Metrics, Measurements & Audit (Metrics, Audit)

Process and product metrics are used for measuring.
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5.6 Project & Product

Project involves factors like size, complexity, risk, Reuse
& Performance. Product involves quality factor.

5.7 Human Resources

5.8 Right Conduct

5.9 Authority

5.10 Responsibility

5.11 Attachment among members
5.12 Skills

5.13 Experience

5.14 Team size

5.15Interpersonal conflict

5.16 Commitment towards work

5.8 Organization(O), Management(M) & Business (B)

i)  O_Environment

ii) O_Culture

iii) O_Virtue and Ethics
iv) O_Maturity

v)  M_Commitment
vi) O_Structure & Size
vii) M_Expertisaton
viii) B_dependencies
ix) B_drivers

x)  B_cust_satisfaction
xi) B_payments

xii) Risk Management

5.9 Evaluation parameter for Quality (based on
ISO 9126)

i) Functionality
ii) Usability

i) Reliability

iv) Portability

ii) Maintainability
vi) Efficiency

The model in fig 1.2 shows input parameters which are
controlled to imbibe quality into the system. When the system
is being developed various parameters of Requirement gather-
ing are controlled so that maximum error is detected and qual-
ity increases. The requirement gathering should be unambig-
uous, clear, correct, verifiable, consistent, usable, modifiable
and reusable. The software complexity is the major problem in
software quality assurance as suggested by Alsultanny Yas An
et.al [26].

The process progress should be planned, controlled, moni-
tored and improved. The standards should be fixed to control
quality while developing the system. Best, Cheapest Technol-

ogy bringing benefits to masses should be accepted. The
schedules should be such that it minimizes resources and
should be used.

Testing is the very important activities to remove defect
and improve quality of the product. Checklist, Review, Inspec-
tion, Walkthrough, Inspection are various activities to remove
defects.

Reuse of requirements, design, architecure, code, test case,
components, and documents are done which are stored in re-
positories for building a system. Reuse speeds the process,
builds quality into system and lower downs the cost.

Organization vision, mission and policy speak about the
quality. Management is responsible for building the type of
organization culture. Ethics plays an important part in mold-
ing behavior of human beings. The maturity of process, organ-
ization is decided with time. The business of an organization is
dependent of many drivers, factors. The customer satisfaction
depends on the services given by the human being in an or-
ganization. The risk and its type is very crucial part in an or-
ganization. It should be reduced to optimize quality.

The evaluation of system can be performed using metric
and tools i.e implementation of model. The result of system
can be evaluated using FURPM E parameters which are listed
fewer than 5.9.

The reuse or reusability parameters evaluation is described
in research paper [34].

The model proposed can be CUSTOMISED and modified to in
terms of criteria to satisfy a customer as per their needs. It
provides the user the flexibility to change its factors, criteria as
per needs and evaluate it.

6. RESULT

SQAREM is a multidimensional conceptual model which can
use metrices and tools for evaluation. It involves various input
factors which are controlled to optimize quality and reusabil-
ity. The output of a system is based on ISO 9126 model. The
factors which can be evaluated are functionality, usability,
portability, maintainability, reliability, efficiency.

7. CONCLUSION

This model can be implemented in case of website develop-
ment, component development etc. After implementing the
model cost will be saved, the productivity will be better, the
performance of project, system will be much better, mainte-
nance cost will be low and quality will increase. The evalua-
tion of model with its comparison is our future work.
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