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Abstract: In the present era of globalization QUALITY has immerged as the major factor for survival and the
organizations are issuing various standards in order to achieve the same. But for any organization pursuing the
quality and the subsequently continuously improving the same, the challenge is to select a particular standard.
For a software organization the task has become more difficult as majority of the globally existing standards
have been set considering the manufacturing sector — the dominant industry in 19" century. The main objective
of this paper is to evaluate the available quality standards for the software industry with an intention to describe
the strengths and weaknesses of each of them. A particular software organization depending on their specific
requirement can select the best possible option amongst these for successful implementation and in the end
survival.
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l. INTRODUCTION

The software industry, one of the fastest growing businesses over the last two decades, is also facing
the problem of global competition. It has suffered due to the recent recession in the global economy and the path
of revival is dictated by the quality of the output. The ‘safety-critical nature of software’ also has accentuated
the necessity for ‘quality’ of software. There is no unique definition for ‘software quality’, and its domain is
hazy. Consequently, there is no agreement on how to actually achieve it. In spite of all this, nobody has denied
its significance. The consensus is that there is a greater need to foresee and respond to the customer needs, and
to ensure quality of the ‘processes’ in complex software development projects.

In this context the selection of standard would be a crucial decision affecting the future of the
organization in particular and industry in general. The situation has aggravated as the market has turned from
seller to buyer dominance. Some of the customers have also started demanding for quality in accordance with
some global standard. This has made the situation much more difficult for a software organization as the
majority of the existing standards were framed during World War | & Il when the prominent industry was
manufacturing and software was nonexistent.

In this work effort has been made to list out the various standards suitable for a software organization
and the evaluation of each of them.

1. QUALITY STANDARDS

Every industry is striving for quality in both perspective either in customer point of view or it can be
business point of view for which they are continuously improving their working culture in order to provide
customer satisfaction up to maximum level. The aim of Software Quality Management (SQM) is to manage
the quality of software and of its development process. Then (QMS) help them in every aspect which is mainly
focused on the organizational structure, procedures, processes and resources needed to implement in order
quality management. Early systems emphasized predictable outcomes of an industrial product production line,
using simple statistics and random sampling. By the 20th century, labour inputs were typically the most costly
inputs in most industrialized societies, so focus shifted to team cooperation and dynamics, especially the early
signaling of problems via a continuous improvement cycle. In the 21st century, QMS has tended to converge
with sustainability and transparency initiatives, as both investor and customer satisfaction and perceived quality
is increasingly tied to these factors. Here the emphasis is on four standards with their some pros and cons with
respect to software industry.

1.1.1S0O 9001
The 1SO 9000 family of standards [1-7] is related to quality management systems and designed to help
organizations ensure that they meet the needs of customers and other stakeholders while meeting statutory and
regulatory requirements related to the product. The standards are published by ISO, the International
Organization for Standardization, and available through National standards bodies. 1SO 9000 deals with the
fundamentals of quality management systems, including the eight management principles on which the family
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of standards is based. Since they first appeared in1987, the 1SO 9000 series of standards have generated much
interest in industry and governments worldwide. It is the key standard in the 1SO family which Quality Systems
Model for Quality Assurance in Design, Development, Production, Installation and Servicing.

ISO 9001 deals with the requirements that organizations wishing to meet the standard have to fulfill. The global
adoption of 1ISO 9001 may be attributable to a number of factors. A number of major purchasers require their
suppliers to hold 1SO 9001 certification. In addition to several stakeholders' benefits, a number of studies have
identified significant financial benefits for organizations certified to 1SO 9001, with a 2011 survey from the
British Assessment Bureau showing 44% of their certified clients had won new business. Corbett et al. [8]
showed that certified organizations achieved superior return on assets compared to otherwise similar
organizations without certification. Heras et al. [9] found similarly superior performance and demonstrated that
this was statistically significant and not a function of organization size. Naveha and Marcus [10] claimed that
implementing 1SO 9001 led to superior operational performance in the US motor carrier industry. Sharma [11]
identified similar improvements in operating performance and linked this to superior financial performance.
Chow-Chua et al. [12] showed better overall financial performance was achieved for companies in Denmark.
Rajan and Tamimi [13] showed that 1ISO 9001 certification resulted in superior stock market performance and
suggested that shareholders were richly rewarded for the investment in an 1SO 9001 system. As the standard
was primarily made for manufacturing industry hence there are some pros and cons when it is used for the
software organization as depicted in table 1

Table 1 Pros and Cons of 1ISO 9001

SI.No Pros Cons

1 Improvement in "bottom line" profit through:  Better | Costly to obtain and maintain
efficiency, Continual improvement, Less waste.
2 Managed control of key processes Lengthy time-scale to develop and obtain
certification

3 Promotion and standardization of good working Practices Difficult to implement
4 Greater marketing appeal and improved public Relations Organizational resistance to change
5 Meeting the requirements for inclusion on some tender lists. | Staff resistance to change
6 A system for managing employee training Hard to maintain enthusiasm for the system
7 The effective management of risk More documentation
8 A vehicle for introducing a culture for opportunity

There are so many shortcomings occurring while implementing it in to software organization so a
modification was done and 1SO 9000-3:1997 quality standard came into existence in order to help companies to
apply the 1SO 9001:1994 standard to computer software. It has been used to develop, supply, install, and
maintain computer software. And it is really an expanded version of the old 1SO 9001:1994 standard. 1SO has
simply copied the old text from ISO 9001 and pasted it into the new version of ISO 9000-3, and then added
some new text that refers only to software.

1.2.1S0 9000-3

1ISO9000-3 is typically considered as an international standard for quality. It is the defining standard
accepted by almost all European and North American countries. Software development companies are often
required to conform to 1SO standards in order to be considered for contract awards. 1ISO-90003 provides special
guidelines for implementing 1SO-9000, and was created specifically for the software development industry. It is
used for system development which is contributed in “guidelines for the development, supply and maintenance
of software. In this life cycle of model is taken as the process to be controlled. The software development
guidance document for 1SO 9001 remains as a very general description of the procedures and guidelines for
quality management. The main criticisms of the use of ISO 9000-3, for system development, are:

e The generic nature of standard ,

e The fact that is specified for quality system development organization and that title attention is given to
quality measures on the level of specific development projects.

e The ISO 9000 recognize only one certifiable level of quality, while in practice different quality level may
be advisable for different situation.

e The emphasis’ on strict procedure and their documentation in manual leads to bureaucratic type of behavior
instead growing awareness of the importance of quality for the organization searching for new insight
methodologies in system development may be hampered. Boehm’s spiral is the good example of it which
copes with uncertainty in system development but clashes with the rules of ISO 9000-3

Though through-put time may be important in some cases than superb quality and a somewhat quick
and dirty approach might then be advisable, quality standards leave very little room for the idea of end-user and
rapid application development.
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The above resulted in the development of standards which can take care of the shortcoming of 1SO
system, especially for a software industry. ISO 9000-3 serves as a guide for interpreting 1SO 9001 standard for
"the development, supply, and maintenance of software. Hence for a software producer, ISO 9001 must be
interpreted according to 9000-3 guidelines, so the only meaningful certification is 1ISO 9001/9000-3. In this they
primarily observe that to measures the quality should address the organization's capabilities. Software
producers must meet demanding requirements. They must deliver a product or enhancement that: meets user
needs, has minimal defects that do not affect the user's ability to use the product; is delivered when required; and
has the lowest life-cycle costs

"Product” in this context is what the user receives, uses and perceives. For embedded software, this
means the software, hardware, user documentation, and training and support services. Such a capability is the
result of not only a good quality system but also of assets like leadership, human resources, marketing,
processes, and technology and capital. 1ISO 9001/9000-3 partially supports the first four categories:

e Leadership (in terms of strong managers and sound development strategies): 1SO 9001 covers quality
leadership issues such as commitment to quality and ensuring that policy is understood, implemented, and
maintained at | all levels in the organization_ However, it ' covers only a fraction of that covered by the
Baldridge Award examination criteria, which explicitly require (among other things) that senior executives
demonstrate and reinforce the organization's customer orientation.

e Human resources: This includes intellectual assets, because engineering is intellectually intensive. 1SO
9001 covers this by mandating that procedures he established and maintained for identifying the training
needs of all personnel who perform activities that affect quality. It also mandates that personnel who
perform specific tasks be qualified on the basis of education, training, and experience, as required it does
not go into any detail on either of these requirements. It is up to the auditor and certifying body to interpret
this. ISO 9001 also does not address total-quality-management issues, like morale and motivation.

e Marketing: The knowledge of the right product for the right market at right time ,1ISO 9001 weakly
addresses this. Coverage is limited to contract review, although I1SO 9000-3 extends to customer obligations
and joint customer-supplier review It does not cover market research and how to use customer- satisfaction
data, for example.

e  Processes: Processes must be in place and mature - under control and under continuous improvement An
organization that develops, markets, and supports software must have many processes in place, from human
resources development, marketing, and purchasing to reuse, life-cycle-cost modeling, and technology,
reliability and configuration management. The key strength of 1SO 9001 is in its quality system processes.

As no standard can be foolproof hence 1SO 9000-3 also has pros and cons.

e It isrecognized all over the world
e The ISO standards prescribe one fixed level of quality management.
e  There is some general guidelines on the measurement of product and process

e  Outwardly focused, 1SO 9000-3 is not specially aimed at software development,
e |SO 9000-3 Guidelines is not much easier to implement or building quality system in software
development.
e It models the development process not in a detailed way than like CMM
e Quality characteristics of the clauses in 1SO 9000-3 are not described in detail than the quality
characteristics of CMM.
e The structuring of the quality characteristics in 1ISO 9000-3 is not makes it easier to discuss quality
matters.
One of the major drawbacks of the ISO family of standards is that they do not address the procedure for
continuous improvement. This has given rise to an altogether new standard, which is neither an extension nor a
madification of ISO, focused on continuous improvement in software quality.

1.3. CAPABILITY MATURITY MODEL

The capability maturity model (CMM) was the first process methodology that tried to model software
engineering process systems. CMM [14-20] was initially developed in the Software Engineering Institute (SEI)
at Carnegie-Mellon University in 1987. The current version of CMM (Version 1.1) was released in 1993. The
requirements for distinguishing and selecting matured software providers led to the development of the SEI
method for assessing software project contractors [15-16] and the SEI capability maturity model (CMM) for
software [17-20]. A set of important concepts and successful experience, such as process, quality, and
management techniques, have been introduced into software engineering from management sciences. However,
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in addition to the initial goals of CMM for software engineering management capability modeling and software
organization maturity measurement, researchers and the software industry soon realized that the concept of
software process introduced in CMM is a universal model for organizing software engineering. This led to
studies in a new approach to process-based software engineering and the development of a number of new
software process models and standards. CMM (V.1.1) was developed by Paulk and his colleagues [17] with the
supplement of a set of detailed key practices [10], and a questionnaire by Zubrow et al. [21]. A summary of
differences between Version 1.0 and Version 1.1 was provided by Paulk et al. [19]. Humphrey and other
researchers have also contributed towards the development CMM [22-24]. People have reported the applications
and case studies of CMM which has made the system acceptable to the software organizations. For the proper
evaluation, the relationships of CMM with other process models were studied and published [22-34]. Like any
system or process CMM also has shortcomings which were studied by scholars [35-37].

In a nut shell the Capability Maturity Model for Software describes the principles and practices
underlying software process maturity and is intended to help software organizations improve the maturity of
their software processes in terms of an evolutionary path from ad hoc, chaotic processes to mature, disciplined
software processes. For software CMM is organized into five maturity levels as depicted in Table 2.

Table 2. Capability maturity model levels

S.NO Level Description
Level 0: Incomplete | Absence of processes or general failure to achieve process objectives. No process to product realization.
Processes

1. Level 1 (The Initial | The first and the lowest level in CMM is the Initial level. At this point organizations have few or no
Level): Performed processes. Successes are mainly due to individual initiative and effort and processes that may exist are
Processes given a go-bye in crisis. The outcome of a project is therefore unpredictable.

2. Level 2 (The At repeatable level, the processes are followed at the project level for various software project
Repeatable Level): management functions and their performance is planned and tracked through a documented process. At
Managed this level, since the project management processes are in place, the organization is ‘disciplined’ and
Processes. processes are expected to repeat successful practices as done in similar projects.

3. Level 3 (The At this level, the organization defines processes for software engineering and management is
Defined Level): standardized across the organization. Tailoring guidelines are developed to create project defined
Established software processes and activities become stable and repeatable for implementing them organization-
Processes wide.

4. Level 4 (The It is reached when the organization uses quantitative goals for managing. Quantitative goals are set for
Managed Level): software products and processes, using an organization-wide measurement program. The level involves
Predictable a quantitative understanding of process capability and using this to manage processes. Variation in
Processes. process performance is tracked and risks are identified and managed.

5. Level 5 (The It is the highest maturity level of the CMM. At this level, the organization improves continuously,
Optimizing Level): | setting new goals and responding to new technologies and challenges. Processes are cost-effective and
Optimized are improved over time to meet the organization needs. At this highest level, the process performance is
Processes measured for continuous process improvement to verify whether the changes in the processes are

providing the expected benefits.

CMM has some merits and demerits in comparison to the 1SO standards which can be summed up as
depicted below:
Merits:
e CMM is a de facto standard in the USA,
CMM is specially aimed at software development.
CMM Guidelines is much easier for building quality systems in software development
It models the development process in a much more detailed way than 1SO 9000.
Quality characteristics of the levels in CMM are described in much more detail than the quality
characteristics of ISO 9000-3.
e  The structuring of the quality characteristics in CMM makes it easier to discuss quality matters
Demerits:
e Inwardly focused.
e CMM points out that different level are possible but do not prescribe which level a systems developer
has to choose.

The biggest difference is the emphasis in CMM on continuous process improvement where as SO only
addresses minimum criteria for an acceptable quality system. So in connection to a software industry it is
observed that for certain things both play a genuine role but if any standard is to be completely adhered to in
respect of a software industry, CMM is the better approach as compared to 1ISO 9000-3.

Hence CMMI came in to picture due to some shortcoming occurs in CMM while implementing it in to
software industry and the Implementation of CMM raised many challenges that led to development of CMMI as

www.iosrjournals.org 90 | Page




Quality standards for a software industry —A review

an improvement. However it does not replace CMM and the effectiveness depends on the specific area of
application.
The Capability Maturity Model does come with some inherent drawbacks like:

e  One of which is that when organizations use CMM, they look at each level as a target. They make their
goal to reach the next level up. This can be a dangerous thought because if you become fixated on
reaching the next level, you begin to lose perspective and forget that the real goal is to actually improve
the processes.

o Similarly the CMM does not specify a particular way of achieving those goals. In order to achieve
them one needs to think in a flexible way. The goals will only be achieved if the organizations
processes are taken into account, as each organization is different so the steps needed for process
improvement will be different. Just because one organization follows the rules set by the CMM it does
not guarantee that it will be successful as there are other factors involved.

e  CMM only helps if it is put into place early in the software development process. For example, if there
is a process that is in a crisis then CMM will not help overnight. It can’t be used as an emergency
method of recovering from a difficult position.

e CMM is concerned with the improvement of management related activities. Whilst this is a big issue
in the software development process it is not necessarily the most important thing to look at. Improved
quality of code may be a vital issue in the context of software

¢ CMM model is superseded by CMMI, it is a reference model of matured practices in a specified
discipline like Systems Engineering CMM, Software CMM, People CMM, Software Acquisition CMM
etc. But they were difficult to integrate as and when needed.

e The CMM model proved useful to many organizations, but its application in software development has
sometimes been problematic.

e CMM Key Process Area (KPA) concentrates on the completion of specific tasks or processes and does
not motivate the organization to focus on process architecture.

1.4.CMMI : CAPABILITY MATURITY MODEL INTEGRATION

Currently, there are several maturity models, standards, methodologies, and guidelines that can help an
organization improve the way it does business. However, most available improvement approaches focus on a
specific part of the business and do not take a systemic approach to the problems that most organizations are
facing. For example, maturity models such as the Software Engineering Institute’s (SEI’s) Capability Maturity
Model for Software (SW-CMM), which focuses on improving software, and the Electronic Industries Alliance’s
(EIA’s) Systems Engineering Capability Model (SECM), which focuses on systems engineering are available.
By focusing on improving only one area of a business, these models have unfortunately perpetuated the barriers
that exist in organizations [38]. Capability Maturity Model Integration (CMMI) provides an opportunity to avoid
or eliminate these barriers through integrated models that transcend disciplines. CMMI consists of best practices
in software companies. It addresses practices that cover the product’s life cycle from conception through
delivery and maintenance. There is an emphasis on both systems engineering and software Engineering and the
integration necessary to build and maintain the total product [39]. It is an integrated model of many CMMs
intended to achieve process improvement. CMMI has two representations Staged representation, Continuous
representation [40-41].

2.4.1. Staged Representation

CMMI pushes to increase the maturity of the processes, focuses improvement on the process capability
an organization can expect to attain; however, this expected capability or ability to function in a mature manner
is contained within maturity levels or stages. This representation provides a roadmap for sequencing the
implementation of groups of process areas. There are five maturity levels, ranges from level 1 to 5 as shown in
figure 1, with each level providing the foundation for further improvements.

Staged

ML5
ML4

ML3
ML2

ML1/

Organization

Fig 1: Staged representation of maturity levels in CMMI
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2.4.2. Continuous Representation

It has the same basic information as the staged representation, which arranged differently, provides
maximum flexibility. In this each process capability level ranges from 0 to 5 which are depicted in figure 2.The
continuous representation provides flexibility for selecting processes fit for achieving business goal of the
organization [42].

Continuous

Capability
0123 4%
|

PA P& PA
Process

Fig 2: Continuous representation in CMMI

CMMI provides 25 process areas means a cluster of related practices in these areas which are
implemented collectively, satisfies a set of goals considered important for making significant improvement [43].
The CMMI model is a process that focuses on what to do, not how to do it or who does it. Gist of CMMI is to
provide guidance for improving organization’s processes and ability to manage the development, acquisition,
and maintenance of products or services.

CMM measures the maturity level of an organization by determining if an organization completes the
specific activities listed in the Key Performance Areas (KPA), oblivious to whether the completion of such
activity leads to the desired result. CMMI is also an activity based approach but the major difference is that
CMMI takes a more result-oriented approach when defining and measuring Key Performance Areas.

CMM KPA concentrates on the completion of specific tasks or processes and does not motivate the
organization to focus on process architecture. CMMI, on the other hand has an iterative lifecycle that integrates
the latest best practices from the industry and attacks risks in process architecture at an early stage.

CMMI supersedes CMM in software development processes, but CMM is still relevant and appropriate
for sequential, activity-based management paradigm.

There are numerous benefits and shortcomings of implementing CMMIin an IT / Software
Development Organization, some of them can be summed up as below:

Benefits:
e CMMI is the successor of the CMM and evolved as a more matured set of guidelines and was built
combining the best components of individual disciplines of CMM (Software CMM, People CMM etc).

It can be applied to product manufacturing, People management, Software development etc.

e The Capability Maturity Model Integration (CMMI) project was formed to sort out the problem of
using multiple CMMs.

e CMMI is also an activity based approach but the major difference is that CMMI takes a more result-
oriented approach when defining and measuring Key Performance Areas.

e CMMI, on the other hand has an iterative lifecycle that integrates the latest best practices from the
industry and attacks risks in process architecture at an early stage

e CMMI supersedes CMM in software development processes.

e CMMI describes integrated processes and disciplines as it applies both to software and systems
engineering.

e CMMI continuous grants freedom in improving only those process areas which are critical for
organization to improve and mitigate the risk

e CMMI Continuous enables increased foresight into process area capability improvement.

e CMMI allows improvement in different processes at different rates and gives cost and time flexibility
to organization.

e  Culture for maintaining Quality in projects starts in the mind of the junior programmers to the senior
programmers and project managers

e Centralised QMS for implementation in projects to ensure uniformity in the documentation which
means less learning cycle for new resources, better management of project status and health

e Incorporation of Software Engineering Best Practices in the Organizations as described in CMMI
Model

e Cost saving in terms of lesser effort due to less defects and less rework
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This also results in increased Productivity
On-Time Deliveries

Increased Customer Satisfaction

Overall increased Return on Investment
Decreased Costs

Improved Productivity

Shortcomings
¢ CMMI-DEV is may not be suitable for every organization.
e It may add overhead in terms of documentation.
e May require additional resources and knowledge required in smaller organizations to initiate CMMI-
based process improvement.
e May require a considerable amount of time and effort for implementation.
e Require a major shift in organizational culture and attitude.

1. CONCLUSION

In this present scenario there is a conflict between the desires for better quality systems resulting in
measurable improvements of the systems development process and the way in which this is implemented by
means of standards. Therefore Quality certificates can create a wrong impression of the real capabilities of an
organization. This should not, in any sense, lead to a conclusion as abolition of standards. The majority of
organizations can improve themselves by logical use of the existing standards. But there is also a need for
improving the present standards. The quality of systems can be improved, in the shortest possible span, by an
approach that is specially constructed for assessing systems development environments. This would support
measurable improvement of the development process and would also advocate for the choice and
implementation of actions. Although not absolutely perfect, but CMM and CMMI still offers more possibilities
in this respect than does 1SO 9000-3. In the longer term standards and certificates will have to be attuned the
diversity that exists in the real world. It is felt that this transformation process will take some time and that
therefore the organizations have to carefully assess the value of the quality certificates in different situations.
Finally it can be stated that the CMM methodology provides for more possibilities for the construction of an
appropriate software quality system than does 1SO family standards. Moreover it can be summarized that a
software company can use 1SO 9000-3 for the certification and streamlining of the documentation for the
processes involved or responsible for the betterment of the quality systems and then can directly switch over to
CMM and work towards continuous improvement by achieving the various levels. From the above it is quite
clear that the 1SO 9000 family of standards in the form can be implemented in the software organization but the
effect can be noticed in the working of the organization and not on the developmental activities. It can also be
inferred that although the levels of both CMM and CMMI are similar but the difference lies in perception of
these. CMM creates a standard model where as CMMI integrates different CMM models and creates an
integrated CMM customized for the specific organization. Hence the CMMI has provided significant value for
many organizations that have used it as a guide for improving the way they do their engineering work. It has
helped them to gain control over their processes Management, Engineering, and supporting processes to assure
that those processes serve the needs of the organization. Since CMMI is a customized standard hence by
following the same more consistent success in the engineering projects can be achieved by putting the
organization on the road to more effective processes. Most software organizations can start with CMM then add
CMMI. When a software organization aims to achieve software process improvement, it is necessary to address
more aspects, likes CMMI.
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