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Abstract : In this era of digitalization there is a huge requirement of software capable of satisfying the needs of diversified requirements as well as
capable of adapting frequently changing hardware and operating platforms. A lot of new software industries are emerging very frequently with an
inspiration to develop software so that the imbalance between the necessity and the availability of appropriate software can be abridged instantly with a
reliable and superior quality affordable product. To facilitate and simplify the cumbersome task of producing a good quality product, lots of techniques
have been devised (and effort is still going on) and suggested by numerous experts of the software engineering and other disciplines. The development
of CMMI model enabled the use of a structured, well-defined and systematic approach of proven methods for software development, deployment and
maintenance. This model is one of the latest and popular techniques, which caters the need of established software industries perfectly but still does not
properly address the issues of small and emerging software industries. This paper explores the impacts of mingling up CMMI ML-1 with small but
important part of ML-3 for better quality software development and promised standing for small software industries in the market.
Keywords: CMMI, Maturity Level, Process Area, Risk Management, Software Process Improvement models, Software Testing, Validation, Verification.

——————————  ——————————
I.

1. INTRODUCTION
This

is an undoubtedly and universally accepted truth that
the quality of a product / software is highly governed by the
quality of process adopted to develop and maintain it.
Keeping in mind this truth, from the very start of software
era, a significant amount of effort and time have been
invested to promote software development industries in
strengthening the process of software development as well
as software maintenance. The main motive behind this is
to enable and assist the software development industries in
earning handsome profit by developing and delivering high
quality products in the market. Following are some of the
popular process improvement models [11] among which
CMMI is the most recent and widely used model.
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Six Sigma - A methodology invented and developed by
a Quality Engineer Bill Smith at Motorola in 1986.
Originally invented to reduce defects in the product but,
later became a management system for running
business successfully.
II. CMM Model - A Capability Maturity Model for software
developed in 1991 by SEI at CMU to help and guide
organizations in improving the process to develop
software. This model is considered as the base model
for CMMI.
III. SPICE or ISO/IEC 15504 Model - A framework
developed in 1993 by ISO/IEC for the identification and
establishment of software processes that can be
utilised by organizations of diversified natures.
IV. IDEAL Model - A continuous process improvement
model, also developed by Software Engineering
Institute (SEI) at Carnegie Mellon University in 1996.
V. ISO Model - One of the most popular standard and
certificate for quality management which improves
customers‘ satisfaction, assures good quality and
improves productivity and services.

2. THE CMMI MODEL
It is a widely accepted Software Process Improvement
Maturity Model, developed at Carnegie Mellon University by
a group of experts from Industry, government and Software
Engineering Institute (SEI). CMMI is an improvement over
its predecessor Capability Maturity Model, i.e., CMM for
Software or Software CMM. CMMI is globally accepted as a
software development standard. It supplies a set of
guidelines for development process to improve the quality
[1] of a software product. It [1] provides a framework for
organizations to appraise the maturity of processes
employed. The development of CMMI aimed to develop an
integrated model which aggregates all the predecessor
maturity models to enable their better usability. Initially
developed for Software Engineering, CMMI now provides
process improvement and development guidelines for
development of hardware products, for the delivery of all
kind of services, and for the Acquisition of Product and
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Services To achieve improvement objectives, two
representations of CMMI [2] are available:A. Staged Representation
B. Continuous Representation
A. Staged Representation: It is used widely as a
standard representation to improve overall maturity
of an organization. It provides 5 maturity levels
organized in a ladder-styled process improvement
sequence. These 5 maturity levels are organized as
a set of layers where each lower layer provides a
basis for the immediate next upper step. The
maturity levels (MLs) are numbered from 1 to 5 [2] as
shown in the table 1:TABLE 1
MATURITY LEVELS OF STAGED REPRESENTATION
Maturity Levels

Characteristics

ML-1: Initial

Organizations
lack
the
stable
environment
required
to
support
processes. Processes are designed on
ad hoc basis and are not maintained for
reuse.
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organization, but it is not possible to
strategically predict costs of services and
compete with lean competitors.
Level 3 – Defined

The organization can anticipates changes
in its environment and plans, but still lacks
the ability to forecast changing costs and
schedules of services.

Level 4 – Quantitatively
Managed

The organization is able to statistically
forecast and manage performance against
selected cost, schedule, and customer
satisfaction levels.

Level 5 – Optimizing

The organization is able to reduce
operating costs by improving current
process
performance or by inventing
innovative services to maintain their
competitive edge.

Formatted Table

ML-2: Managed

In this level, Organizations are more
organized by having and maintaining
pre-planned process and work-schedule
to develop & maintain products.

ML-3: Defined

All the processes maintained at maturity
level 2 are re-defined in more details at
maturity level 3 in order to convert them
into a set of standard processes. A
minor trade-off between standard and
project-specific process may exist
because of the nature and requisites of
project.

ML-4: Quantitatively
Managed

Organizations
select
critical
subprocesses of a process, subject them to
some statistical techniques to obtain
quantitative
results
suitable
for
establishing
and
managing
the
performance and quality benchmarks of
the selected process. Organizations are
able to predict the performance of a
process quantitatively rather than
qualitatively due to the statistical
management of processes.

ML-5: Optimizing

Organizations continuously improve their
processes performance quantitatively by
identifying the factors responsible for
variation in processes.

B. Continuous Representation: This representation allows
an organization to select the desired process area for
improvement and suggests the sequence of
improvements that best suits to achieve the business
objectives of organization. Its‘6 (six) capability levels
are shown in table 2:TABLE 2
MATURITY LEVELS OF CONTINUOUS REPRESENTATION
Capability Levels

Characteristics

Level 0 – Incomplete

Only some applicable specific practices
are implemented.

Level 1 – Performed

Necessary processes for
service levels are missing.

Level 2 – Managed

The processes are managed by the

sustaining

3. RELATED WORK
Many researchers have worked till now and are still working
on Process Maturity Models. A. Luqman [3] conducted a
study for the analysis & implementation of CMMI‘s
Configuration Management (CM) process area in support
category while adopting its continuous approach. His work
suggested that the adoption of CMMI will drive the CM
towards continuous process improvement of enterprise
business for more reliable delivery of software products. P.
Monteiro et al. [4] worked to reunite validation and
verification practices within CMMI maturity level 2. In his
study, D. Singh [8] considered the factors such as software
size and provided a benchmark for effort, quality, and cycletime based on CMM Level 5 project data. S. R. Durugkar et
al. [7] suggested that companies applying for CMMI level 2
assessments must find out the possibility of simultaneously
implementing CMMI level 2 and the V & V Process Areas to
produce high quality software. R. Dadhich and U. Chauhan
[5] analyzed the effect of integration of CMMI Level-3 in
traditional software development process. In this work,
authors identified various risks associated with different
phases of SDLC. R. K. Chauhan et al. [6] discussed
various types of testing techniques to measure attributes
contributing for software quality. S. Jat et al. [9] conducted a
study to assess a suitable technique for testing software
and finding out errors. They realized that practically it is not
possible to detect all the errors in software, but they
suggested that Gray-Box testing technique is more
accurate technique to find out errors and Black-Box testing
requires minimum effort, cost and time to test a test-case.
Pak-Lok Poon et al. [15] conducted a study involving
inexperienced and experienced software testers to
investigate the amount and types of mistakes made in an
ad hoc identiﬁcation approach. For the purpose of the
study, the authors conducted multiple comparative studies
using
three
commercial
speciﬁcations
involving
inexperienced and experienced software testers. The study
revealed that, experienced testers identiﬁed more potential
categories and choices as compared to inexperienced
ones. They also had fewer missing and problematic
categories whereas identiﬁed more non-problematic
categories. Mika V. Mantyla et al. [16] studied the
organization and values of testing as well as the
organizational groups that contribute testing activities in
small- and medium-sized software product companies in
order to provide empirical evidence on how testing involves
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different groups of employees in varying organizational
roles in software product development companies. They
conducted an industrial case study of employees
performing software testing and reporting defects.
Mitrabinda Ray et al. [17] proposed a state-based risk
assessment methodology at the analysis and design stage
of Software Development Life Cycle. First, they proposed a
method to estimate the risk for various states of a
component within a scenario and then, the risk for the
whole scenario is estimated. They introduced an InterComponent State-Dependence Graph to estimate the
complexity for a state of a component within a system. They
used Functional Failure Analysis, Software Failure Mode
and Effect Analysis and Software Fault Tree Analysis
techniques to assess the severity for a component within a
scenario. The risk for a scenario was estimated based on
the risk of interacting components in various states within
the scenario and State COllaboration TEst Model of the
scenario. Finally, the system risk was estimated based on
two inputs: scenarios risks and Interaction Overview
Diagram of the system. R. Sharma et al. [10] conducted a
detailed study targeting the emerging organizations, which
are at the very initial level of development (say, a Software
Start-up Venture). The study revealed that such
organizations neither have standardized processes at their
disposal to work in systematic & controlled manner, nor it is
economically feasible to implement any of the process
maturity models at their initial stages. Hence, these
organizations have to work under a situation which leads to
impose risks on the developed products as well as on their
own existence and success. Based on the findings, the
authors suggested the inclusion of quality and success
deciding process i.e., the software testing process of SDLC
at ML-1 of CMMI.
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at their inception. In support of the proposed model, a
detailed study is conducted to investigate the status of
process improvement model (if any) being used by small
software industries. For this purpose, a detailed
questionnaire is prepared based on the pattern suggested
by the experts [12] of CMMI. Also some special questions
related to adoption of software testing strategies are
designed. After deliberate analysis of the applicability and
relevancy, the designed questionnaire is distributed to 6
small scale software industries (start-ups). The response
options are qualitative in nature. For analysis purpose, the
questionnaire is sub-parted into six categories. In order to
convert qualitative responses into quantitative values, a
fuzzy logic based mapping is applied. This conversion
facilitated authors to perform comparative studies
statistically and to validate the proposed model. The study
primarily focused on the evaluation of testing strategies
used by concerned industries and development of an
efficacious model to assist them during software testing
phase. Based on the study, authors propose a novel model
RAVV (Risk Analysis with Validation and Verification) to be
implemented as an intermediary between ML-1 and ML-3
as illustrated in Fig. 1, to guide these industries in achieving
targets with less expense and efforts.

4. PROPOSED RAVV MODEL
The definition of ML-1 of CMMI, states that the software is
developed in an informal, intuitive and non-systematic
manner. This shows that there is no defined process to
apply the phases of software development, testing as well
as for deployment. This approach of software development
introduces many risks and threats, some of them are as
follows:(i) The behaviour of developed product unpredictable,
(ii) The monitoring of development activity is not
possible.
(iii) The percentage of work completed or the milestone
achieved cannot be calculated.
(iv) The success of project highly depends on the
intuition and experience of developers, hence, it is
nearly impossible to estimate the time schedule,
budget and delivery date.
(v) The product with desired quality and satisfying
customer requirements may or may not be produced
within given time & budget constraints.

Fig. 1. Proposed Structure of RAVV Model.
An intense analysis is carried out to aggregate the obtained
responses (from start-ups) with respect to various major
and minor hidden factors associated with the questions in
questionnaire and also their association & implication on
the responses opted by the respondents. All response
sheets are compiled and an average percentage of score is
calculated as shown in Table 3. The authors also
conducted another study on four renowned CMMICompliant software industries with the help of
questionnaire. Their responses are also compiled using the
above-mentioned approach and based on the statistical
analysis average percentage of scores are obtained.

The above mentioned risks pertaining to ML-1 and also for
the start-ups in question encouraged the authors to propose
a novel model. The proposed model is applicable only for
start-up industries since such industries do not put much
effort in terms of time and money for risk analysis. There
are many reasons behind it; one main reason is that these
industries are aimed to be low budget and less man-power
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6. CONCLUSION

TABLE 3
RESULTS FROM SURVEY REPORTS OF START-UPS

5. RESULTS
The comparative analysis of both the scores is presented in
Figure 2. The results reveal that start-ups do follow some
testing strategy (not essentially in planned manner) which
ensures that the product developed by them has
approximately 30% chances of being successfully
completed in time and budget-constraints fulfilling its
intended purpose to satisfy customer‘s expectations
whereas the CMMI-Compliant companies have much
higher rate (i.e. 90.07%) of success for the products
developed by them.

The study suggests that despite of the constraints of
finance and efforts, if small software development
organizations (or start-ups) somehow manage to plan not
each and every process but at least the most critical,
success-deciding, and quality reflecting process, i.e., the
software testing process of SDLC at ML-1 of CMMI, then,
they will be able to reduce the risks [14] associated with at
least testing phase of the SDLC. This will enable them to
produce and deliver products that are of high quality, low in
cost (although slightly more than the product cost build with
unplanned tests), built within time-bounds and satisfy
customer requirements and expectations as well; that too
without implementing any maturity model in its entirety. This
blend of ML-1 with a part of ML-3 will make them stand
along with their competitors who are already performing
well in the market, in terms of low-budgeted, high quality
and timely delivered product. The study advocates that, the
software developers working on low-cost projects (i.e.,
start-ups) can be benefited by applying / following the
suggested model which places them a bit above the ML-1
and ML-2 organizations, but not equivalent to an ML-3
organization, because it implements a small part of ML-3
process areas skipping the time, cost and effort consuming
procedure required to implement the ML-2 & ML-3 Process
Areas completely.
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