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Abstract - Validation and verification are mandatory activities 
that software companies must perform when developing software 
products with a high degree of quality. Currently, more 
companies become aware that adopting CMMI (the software 
process maturity model developed by the Software Engineering 
Institute) can be a way to develop quality software. However, 
some companies are resistant to adopt CMMI maturity level 2 
because they do not considerer this maturity level a benefit since 
its implementation is expensive and does not cover the validation 
and verification efforts. The simultaneous adoption of CMMI 
maturity level 2 with validation and verification process areas 
(from maturity level 3) lacks some methodological 
recommendations, since some dependencies exist between those 
two CMMI maturity levels. This PhD thesis will propose one 
approach to conciliate validation and verification practices with 
of CMMI maturity level 2 and by adopting ISO/IEC 29119 
standard to fulfill a product lifecycle perspective. 

Keywords: Software Testing; Software Quality. 

I.  INTRODUCTION  
CMMI (Capability Maturity Model Integration) [1, 2] is a 

software development standard from the Software 
Engineering Institute (SEI). CMMI is composed by a set of 
software development process guidelines and is used to 
improve the quality of the software and its delivery. Using 
CMMI, SEI addresses practices that companies can use as a 
guideline for process improvement. It can be seen as a 
collection of best practices that could be followed to improve 
the quality of products. 

However, there are organizations that do not adopt 
CMMI [3] (in particular the Maturity Level 2 – ML2) and 
the main reasons they give is that: the company is small, the 
cost to implement CMMI is high, they use another Software 
Process Improvement (SPI) and they not see a clear benefit 
in using it. 

Several companies do not want do adopt exclusively 
CMMI Maturity Level 2 because they are mainly interested 
in the Engineering processes, which is not the focus of this 
Maturity Level (ML). Since ML2 Process Areas (PAs) are 
mainly focused in the project management and support 
processes, most companies tend to consider that the 
implementation of ML2 does not bring significant benefits to 
compensate the corresponding cost and time overheads. 
Companies recognize benefits only in the implementation of 
PAs of Maturity Level 3 (ML3). They do not understand 
that, in order to achieve ML3, they have to achieve ML2 
before. We refer to this issue as “Level 2 Syndrome”. 

The software testing (or Validation and 
Verification - V&V) phase is one of the most important in 
the software development life cycle, consuming around 50% 
of the total duration [4, 5] and 50% of the total cost [6] of 
many projects. Additionally, companies are becoming more 
and more aware of the important role that V&V plays in the 
production of high quality software [7]. Although other 
process areas of software engineering are also beginning to 
catch the attention of the software industry, their increased 
interest in V&V is our main motivation to dedicate our study 
to the adoption of the validation and verification PAs 
simultaneously with the implementation of CMMI ML2 (that 
do not consider V&V activities) as a way to overcome the 
Level 2 Syndrome. 

The main goal underlying this thesis is not to propose a 
new version of the CMMI by moving the V&V PAs to the 
ML2, but to achieve simultaneous implementation of the 
CMMI ML2 and CMMI ML3 V&V PAs. 

V&V are very important for companies that develop 
large scale software products due to the size of the solutions. 
So, those companies have to demonstrate that the product or 
product components accomplish its intended use when 
placed in its intended environment, as well as ensuring that 
selected work products meet their specified requirements.  

Companies that develop software at a large scale become 
aware that implementing CMMI can be a good choice for 
developing and delivering software with a high degree of 
quality. However, a company that is applying for CMMI 
ML2 assessment must take into consideration that the 
validation and verification efforts are not considered for that 
level. This level of maturity is only concerned if an 
organization ensures that in their projects the requirements 
are managed and their processes are planned, performed, 
measured, and controlled. Therefore, it is important for those 
companies to have the possibility of simultaneously 
implementing CMMI ML2 and the V&V PAs.  

A way to help those companies accomplishing the V&V 
PAs at an earlier stage of the process improvement is the 
creation of a roadmap with guidelines to perform those 
efforts. Using this roadmap, companies that are changing to a 
CMMI ML2 and have in its concerns the V&V efforts could 
use it as a guide to achieve those PAs implementation. 

The main motivation for this study was finding a solution 
to the problem faced by the companies that want implement 
V&V PAs simultaneously with CMMI ML2. However the 
scope of this work might be enlarged to other PAs from a 
ML higher than ML2. This arises from the fact that it is 
known that the CMMI PAs has some dependencies between 
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them which raise the possibility that the anticipation of the 
V&V implementation could also mean the implementation of 
other CMMI ML3 PAs.   

Currently, there are very few attempts to address this 
anticipation of V&V PAs within CMMI ML2. We can find 
several efforts that are concerned with the V&V or with the 
V&V in some of the existent maturity models. However, 
V&V efforts within CMMI ML2 contexts have not yet been 
documented. 

The definition of this roadmap to help the simultaneous 
execution of inclusion of V&V PAs with the CMMI ML2 
demands for the verification if the impact of the adoption of 
those PAs in an earlier stage will become an advantage to the 
company or not. 

In this paper, a description of the state-of-the-art related 
with the subject of this research is presented in Section 2. 
Section 3 describes in detail the research objectives and the 
research methodology. In Section 4, the current work and 
preliminary results already done in the context of this 
research are briefly described. Section 5 presents the work 
plan for the next 2 years of research. Finally, in Section 6 
some conclusions are presented. 

II. STATE OF THE ART 
The state of art of this work essentially relates to: CMMI, 

Validation and Verification area and ISO/IEC 29119 
standard. Some trends in V&V are also discussed. 

A. CMMI 
CMMI [1, 2] is a well known Software Process 

Improvement (SPI) maturity model developed by the 
Software Engineering Institute (SEI). It is concerned in 
helping organizations to improve their processes. This SPI 
has been implemented by several organizations [8, 9] that 
report a great improvement in cost reduction, productivity, 
and performance gains.  

CMMI was designed to integrate all the models created 
by SEI and other organizations through the years. It has two 
representations: the staged and the continuous representation.  

CMMI staged representation is divided into Maturity 
Levels (ML). An ML is a set of practices for a predefined set 
of PAs that will improve the performance of a company. An 
ML shows the level of performance that a company has in a 
particular discipline or set of disciplines. In each ML, a 
company improves a set of processes and gets prepared to 
evolve to the next level. The degree of maturity of a 
company in each level is measured by assessing the 
accomplishment of the goals of each predefined set of PAs. 

The continuous representation uses Capability Levels 
(CL) to characterize the improvement of the company in 
relation of a given PA. In the continuous representation the 
company can choose the PA or set of PAs that will be 
improved in the organization, as well the order of the 
improvements to meet the organization objectives. With the 
continuous representation the company can improve the PAs 
at different levels, which can be seen as an advantage since it 
offers maximum flexibility in the improvement. But at the 
same time there is a limitation caused by the dependencies 
between the PAs [1, 2].  

In CMMI, the V&V practices are PAs of the CMMI 
ML3. The term “system testing” or “software test” is not 
used in CMMI. This comes from the fact that these terms can 
be interpreted in several ways. Instead of using the term 
“test”, CMMI uses the terms “verification and validation” 
because “test” can be part of the verification and validation 
and is one of the methods used to perform verification and 
validation efforts [10]. 

There is an urgent need to implement in CMMI ML2 the 
PAs of V&V that arise with the companies’ need of having 
software test covering all the lifecycle of the product. A large 
scale software development, companies need V&V efforts 
covering the whole product lifecycle which is not considered 
within CMMI ML2. 

B. Validation and Verification 
In 1989, V&V activities where already under study and a 

work was published introducing a V&V method [11]. This 
method was supported by a group of standards related with 
the V&V. At this time, there was already the motivation to 
apply the V&V through the product lifecycle to improve the 
quality of the products. 

In [12], we can find the definitions of validation and of 
verification. Validation is “the process of evaluating a 
system or component during or at the end of the 
development process to determine whether it satisfies 
specified requirements” and verification is “the process of 
evaluating a system or component to determine whether the 
products of a given development phase satisfy the conditions 
imposed at the start of that phase”. However, validation and 
verification have also a common definition: “the process of 
determining whether the requirements for a system or 
component are complete and correct, the products of each 
development phase fulfill the requirements or conditions 
imposed by the previous phase, and the final system or 
component complies with specified requirements”. 

The difference between the validation and verification 
can be explained by looking at the purpose of the tests 
performed. The use of prototypes to test if requirements can 
be addressed is an example of a verification practice, but if 
the prototype is evaluated by the users to test if the product 
fulfils their needs we are on the presence of an example of a 
validation practice. In other words, we can say that the 
verification should ask “Are you meeting the specified 
requirements?” and “Are you building the product right?”. In 
the same way we can say that the validation should ask if 
“Are you meeting the operational need?”, “Does this product 
meet its intended use in the intended environment?” and if 
“Are you building the right product?”. The main goal that 
leads to this division of the software test within CMMI in 
two practices was that separating it in two different processes 
was a way to emphasize both practices [10]. 

C. Trends in Validation and Verification 
Despite some works that describe V&V efforts in several 

areas, the issue of V&V PAs within CMMI ML2 are rarely 
addressed. We can find some efforts that are related with 
CMMI [13-17] or V&V in general [11, 18-22], with V&V in 
CMMI not specifically within ML2 [7, 23], or with V&V 
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within others maturity models [24]. However, until now, 
there are very few attempts to address the simultaneous 
execution of V&V PAs within CMMI ML2.  

There are some authors [7] that consider that V&V 
assessment in CMMI is not enough when we are dealing 
with “safety-critical” software. So, they propose a new 
framework for V&V assessment, focused on the safety-
criticality. This framework is defined using some standards 
related with safety, together with V&V PAs of CMMI and 
ISO 9001 standard [25]. 

Other authors use CMMI to evaluate a generic software 
testing model called CenPRA test process [23]. This test 
process defines a set of ordered activities and test artifacts. 
The evaluation done in this work wants to check what are the 
aspects of CMMI that are taken in account by CenPRA test 
process. The authors want also to evaluate how this test 
process can be used as a supplement of the software testing 
of CMMI. But even though this work presents a test process 
that can be used by CMMI, the impact of using this test 
process in CMMI ML 2 was not analyzed. 

D. ISO/IEC 29119 
In May of 2007, a working group was formed by 

ISO/IEC to produce a new software testing standard (the 
ISO/IEC 29119 [26-29]) which could be applicable to all 
types of software products and software-intensive systems. 
The purpose of this working group is to propose an 
international standard that will cover software testing in the 
development and maintenance of a product or system. The 
motivation that gives origin to the creation of this group was 
the inexistence, until now, of standards that cover all aspects 
of the software test lifecycle. 

The existing standards do not cover risk-based testing, 
static testing, use case testing, non-functional testing, etc. 
Another motivation issue is the existence of conflicts in the 
definitions and the difficulty by the practitioners to choose 
what standard to use to define their software testing. Since it 
is a main goal to create a standard that covers all aspects of 
the software test lifecycle, ISO/IEC 29119 will be consistent 
with the ISO/IEC 12207 [30-32]. 

ISO/IEC 29119 standard could be a used to study the 
adaptation/extension of V&V PAs of CMMI to be adopted in 
CMMI ML 2. The reason to consider ISO/IEC 29119 (even 
though it is under development) is based on the coverage of 
the entire lifecycle of the software test, which is crucial to 
adequately support the usage of V&V PAs within CMMI 
ML 2. 

III. RESEARCH OBJECTIVES AND APPROACH 
This section starts by presenting the research objectives 

of the thesis. Then some research methodologies are 
presented, in particular the research methodology chosen to 
be used in the present work.  

A. Research objectives 
Companies that develop large scale software systems 

must comply with V&V practices. But when these 
companies apply for CMMI ML2 assessment, V&V efforts 
are not even considered. Therefore, in these contexts it is 

important to implement CMMI ML 2 and V&V PAs at the 
same time. CMMI conceives the possibility of adopting the 
continuous representation. However, dependencies between 
PAs to support the simultaneous implementation of a 
particular ML with some PAs in the continuous 
representation are not document. 

This thesis has four main objectives. The first objective is 
to analyze the impact incorporating V&V activities in CMMI 
ML2. The anticipation of V&V PAs from ML3 to ML2 must 
be analyzed. The impact to implement those practices in an 
earlier level of CMMI must be carefully evaluated to verify 
whether or not this anticipation will bring advantages. The 
continuous representation can be, per si, considered a 
solution for anticipating some PAs of CMMI ML3. 
However, we do not consider this a solution because with 
this representation it may appear to the companies that they 
can only appraise V&V PAs in CMMI ML2 and skip the 
others PAs from ML3. As said before, when implement 
V&V PAs simultaneously with CMMI ML2, we have to take 
into account the other PAs that are directly related with 
V&V. So, we need to study the dependencies between PAs 
that appear when a company uses the continuous 
representation to anticipate some PAs in the context of using 
CMMI in the staged representation. During this analysis, if 
we detect problems in that anticipation, we are going to 
review our definition for this extension in order to mitigate 
its impact. 

The second objective is to review V&V PAs of CMMI 
based on the ISO/IEC 29119 standard. V&V PAs in the 
current version of CMMI cannot be considered as a lifecycle 
process. ISO/IEC 29119, as said before, is a standard that 
covers all the aspects in the software testing lifecycle. To 
extend the V&V PAs to CMMI ML2 we will take into 
account ISO/IEC 29119. While this standard is under 
development, we want to use some of the results of our work 
as a contribution to its final deliverable. 

The third objective is to define a roadmap to guide the 
implementation of V&V PAs simultaneously with CMMI 
ML2. Currently, there are no guidelines to help companies to 
adopt that approach. It is our goal to develop a roadmap to 
help companies that are applying for CMMI ML2 appraisals 
and want to formally adopt V&V practices in their software 
development. This roadmap could be developed taking into 
consideration existing software engineering processes like, 
for instance, the Rational Unified Process [33]. 

Finally, the last objective is to validate the research 
results in a real case. This is our final goal. We plan to apply 
our results to a real case to demonstrate and validate our 
proposal to solve the above described problem. 

B. Research methodology 
There are several research methodologies that can be 

used in the software engineering research. Four of those 
methodologies were identified in 1989 [34]: the scientific 
method; the engineering method; the empirical method; and 
the analytical method. The scientific method [34] is based on 
the observation of the real world, then a model or theory of 
behavior is proposed, measured and analyzed, the hypotheses 
of the model or theory are validated, and if possible repeated. 
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The engineering method [34] is based on the observation of 
existing solutions, then better solutions are proposed, build 
or developed, the solutions are measured and analyzed, and 
this process is repeated until no further improvements are 
possible. In the empirical method [34] a model is proposed 
and this model will be applied to case studies, to measure 
and analyze, and validate the model, and if it is necessary the 
process can be repeated. Finally, in the analytical method 
[34] formal theory or set of axioms are proposed, a theory is 
developed, the results are derive and if possible compared 
with empirical observations. 

Beside the large number of research methodologies 
existent the research methodology intended to use in order to 
validate the results obtained in this research is the Action 
Research [35-39]. Action research is a type of research that 
involves researchers and practitioners which act together on 
a particular set of activities. 

Action research has been called by many different names 
like: participatory research, collaborative inquiry, 
emancipatory research, action learning, and contextual action 
research [38] all meaning the same. But action research can 
be defined in a simple way as “learning by doing”. In other 
words, we can say that this kind of research is an iterative 
process. 

First, the problem is defined and, then, we do something 
to solve it, verify if our solution is successful and if it is not 
successful we try again to find another solution [38]. 

The fact that this research could be done in a cyclic way 
was an important factor to let us choose this as our research 
methodology. The capability to provide a solution to our 
problem, analyze the impact of the solution and having the 
possibility to change this solution was the major factor for 
our choice. 

IV. CURRENT WORK AND PRELIMINARY RESULTS 
Until now, the main research activities were directed 

towards the analysis of the dependencies between CMMI 
PAs.  

As said before, some small companies suffer from the 
Level 2 Syndrome. They are undecided in adopting CMMI 
ML2 because they do not see any advantage in that, when 
engineering PAs are not considered for implementation. One 
solution to lead companies overcome this syndrome is by 
achieving the ML2 at same time that some PAs from ML3 
(in particular the V&V PAs) are implemented.  

The purpose of this PhD work is to study a way to 
overcome the CMMI Level 2 Syndrome by anticipating 
CMMI V&V PA. In this effort, the dependencies between 
PAs of CMMI ML2 have been study.  

This work is particularly interested in studying the 
simultaneous implementation of V&V PAs (from ML3) and 
CMMI ML2. Finding the dependencies of V&V implies 
finding the PAs that must be implemented or at least taking 
into account during the V&V PA implementation. 

Looking to the official CMMI documentation [1, 2] it is 
not possible to have a global view of the dependencies 
between the all the CMMI Process Areas. It is only possible 
to see what are the dependencies of each PA, independently, 
by reading the Related Process Areas section of each PA. 

there are other sources of dependency analysis [40, 41] that 
can be considered to formalize the CMMI PAs dependencies. 

To obtain the complete list and a graph representation of 
all the dependencies between the several CMMI process 
areas the Related Process Areas section for all the PAs were 
analyzed. So it was decided to create a matrix (that contains 
the information of all the dependencies) and a set of graphs 
(that graphically represents the information stored in the 
matrix). In Figure 1 it is presented an example of the 
dependencies graphs achieved, in this case the dependencies 
for the CMMI ML2 PAs. This graph shows the dependencies 
that each CMMI ML2 PA has from all the CMMI PAs. As 
one example, when looking to the graph it is possible to see 
that PPQA (Project and Product Quality Assurance) has a 
dependency from VER (Verification) and PP (Project 
Planning).  

The main idea of this dependency study was to analyze if 
the anticipation of some PAs (in particular the V&V PAs) 
will be a benefit or not.  

V. WORK PLAN 
The first activity is the state-of-the-art. This activity will 

complement the brief state-of-the-art presented in this 
manuscript. With this literature review, we intent to acquire 
knowledge about the efforts made for similar problems. We 
have in mind to review the following main areas of study: 

• Software process improvement approaches, in 
particular the CMMI; 

• The new standard ISO/IEC 29119, as well as the 
works that have been meanwhile developed and that 
are related to this software testing standard; 

• V&V approaches, both within and without CMMI. 
The second activity that we intend to execute is the 

analysis if the adoption of V&V activities within CMMI 
ML2 will cause an improvement or a deterioration of the 
product lifecycle. This analysis of impact will be performed 
by comparing the state of the product lifecycle before and 
after the introduction of V&V PAs According to the results 
achieved, some considerations will be taken. If the result is 
not satisfactory, some changes in the incorporation of V&V 
practices into CMMI ML2 will be performed until the best 
result is achieved. 

The third planned activity V&V efforts in CMMI ML2 
will be reviewed taking into account ISO/IEC 29119 
standard. Since V&V efforts in CMMI are not lifecycle 
processes, we are going to propose new V&V processes to 
be extended to the whole product lifecycle.  

A final effort to validate the work will be performed 
through a real case in the I2S Company [42]. Since this 
company is applying for CMMI ML 2 assessment, we will 
initiate the incorporation of the V&V practices in their 
product lifecycle. By doing this, we want to validate the 
changes that we are proposing for the V&V efforts within 
CMMI ML2. During the incorporation of those practices in 
the product lifecycle, we are going to analyze the impact of 
those efforts in the company. With this impact analysis we 
are concerned in estimating the ROI of starting the V&V 
practices in CMMI ML2. 
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Figure 1.  : CMMI ML2 dependencies graph. 

Simultaneously with the validation of the research 
results, we will start the creation of a roadmap to help in the 
inception of V&V practices within CMMI ML2. While we 
initiate the implementation of V&V practices in the real case, 
we will define the roadmap detailing every step executed in 
this task. This roadmap will be a guideline that could be used 
by other companies, appraised with CMMI ML2, as a guide 
to initiate the inclusion of the Validation and Verification 
practices in their product lifecycle. 

The writing of the thesis will be done along the 
realization of the work.  

VI. CONCLUSION 
V&V activities are used to prove if the product fulfils its 

intended needs and if the product reflects the requirements 
captured for the product. Companies become aware that 
CMMI can be helpful to develop and deliver software with a 
high degree of quality. But at the same time, some found that 
CMMI only suggests the adoption of V&V efforts when 
CMMI ML3, or higher, is considered. CMMI ML2 is only 
concerned if an organization ensures that, in their software 
development projects, the requirements are managed and that 
their processes are planned, performed, measured, and 
controlled. A company that is assessed with this level and 
needs to perform software test to guarantee the quality of the 
products cannot be guided in this task by CMMI in the 
staged representation.  

Initiating V&V efforts at CMMI ML2 could be a solution 
to this situation. Additionally, ISO/IEC 29119 can be used as 
a strong commitment to assure that the suggested approach 
to incorporate V&V practices into CMMI ML2 will comply 
with a full product lifecycle perspective. 

The official CMMI documentation [1, 2] lacks of 
guidelines that must be followed if a company wants to 
anticipate in CMMI ML2 any PA from the CMMI ML3. 

This thesis proposal intends to guide companies to 
overcome the “Level 2 Syndrome” and this lack of 
information of the CMMI documentation by studying this 

problem and propose a roadmap with guidelines that the 
companies could follow to anticipate PAs from CMMI ML3, 
in particular the V&V PAs. Although this study is 
particularly focused in the V&V it could be extended or 
directed to other PAs from ML3. 
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