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Abstract

Maturity models are widely used in process improvement. The users of a maturity model
should be confident that the weak points of the assessed processes can be found and that the
most valuable changes are introduced. Therefore, the evaluation of maturity models is an
important activity. In this paper, a mapping study of the literature on the evaluation of
maturity models is presented. Two databases are searched resulting in a set of relevant papers.
The identified papers can be classified according to six categories, namely the maturity model
under evaluation, type of evaluation, relation of the evaluators/authors to the maturity model,
level of objectivity, main purpose of the paper and size of study. Further, a framework of
different evaluations of maturity models is developed, and the relevant papers are mapped to
the framework. Finally, the relevant research on the evaluation of the maturity models in the
CMM-family is discussed in more detail. The result of this mapping study is a clear overview
of how the evaluation of maturity models has been done and some discussions are provided
for further research on the evaluation of commonly used or newly-developed maturity
models.
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1. Introduction

In order to obtain improvements in the software development process and
in the resulting product, the software process can be changed with the help of a software
process improvement program. When deciding which improvements to implement, there are a
number of different changes that are possible and it is in many cases not clear exactly how to
change the process in the best possible way. This is one reason why maturity models are used
during process improvement. This kind of model is often used as a guide in the improvement
work in order to identify which improvements to introduce in the process and at which time.
In practice, this is carried out in a number of phases. First the process that should be improved
is assessed based on a maturity model. Then the result of the assessment is used to identify
which improvements that should be introduced to the process to increase the maturity level of
the process.

Some maturity models have been used to a large extent in process improvement in many
software development organizations. Examples of this type of maturity models are CMM,
CMMI, and the ISO standard based on the SPICE project (e.g. [1]). These models each have
their own advantages and disadvantages, for example as described in [2]. To some extent,
these models have been accepted as an international software process assessment state of
practice.



In addition to the commonly used models, the basic methodology of using maturity models in
process improvement is also useful in other domains, such as in human resources where
People CMM has been used. Maturity models are also used in the area of safety culture
assessments [3] and IT management [4]. Further on, maturity models are also defined for
special purposes in cases where new models or adaptations are seen as more suitable than the
traditional models. For example, in [5], a set of key practices from CMM is adapted to small
organizations. Formulating maturity models is often seen as a useful way of communicating
best practices, since it packages the knowledge in a way that makes it useful in improvement
initiatives.

Since maturity models are commonly used in process improvement, it is important that they
are effective in the sense that they identify the right improvement proposals. The users of the
maturity models should be confident that the changes that are introduced really result in
improvement and that there are no other changes that would result in significantly more value.
This is the basic idea of maturity models, i.e. to outline a path to improvement based on well-
proven and accepted improvement steps. If it is not clear that the models are effective and that
they point at the right improvements, potential users will hesitate to use them.

An empirical approach to showing that a model or method is effective is to make an
evaluation of the model and, based on that, draw conclusions on its effectiveness, and maybe
also compare it to other models. Especially in cases when a new maturity model is developed,
or a standard model is adapted, it is important to be able to show that it guides the user to the
right improvements. However, it requires significant effort to evaluate this kind of models. If
it is required that they are used in a large enough set of improvement initiatives in order to be
able to draw significant results about effectiveness, this probably requires much time and
effort. Instead, evaluations have also been conducted by other means. There are a number of
ways that have been used in the literature, e.g. by investigating the differences between
different assessors [6], or by analyzing the effect on one organization in a case study [7].

It is by no means easy for a researcher to decide how to evaluate a newly developed or
existing model, or even to understand which evaluation approaches are available. This means
that there is a need for a framework, describing the different kinds of evaluations that can be
carried out for maturity models. In this paper such a framework is presented together with a
mapping study [8] where the available literature on maturity model evaluation is mapped to
the framework. That is, this paper summarizes what methods have been applied in the
literature in order to evaluate maturity models. The result of this review is of course relevant
to researchers who are planning to conduct this kind of evaluations. The result is also relevant
to practitioners in the area of SPI since it provides an overview of existing evaluation
methods, which is useful e.g. when interpreting the results of presented evaluations of existing
models. For example, if a model is presented, and it is claimed that it is evaluated based on a
set of studies, this study will make it easier to understand the completeness of the evaluations
and to identify possible evaluation studies that also could have been conducted.

This means that the main contribution of this paper is not to say which model is the most
effective but to summarize the evaluation methods that have been used. It would also be of
interest to investigate the effectiveness of the different maturity models, but for most maturity
models the data that is available in the selected papers is insufficient for this purpose. In terms
of meta-analysis it was only possible to more qualitatively summarize the collection of
evaluations of the most widely applied maturity model (CMM) as part of this research. This is
discussed in Section 6.



2. Related work

Even if there are no standard evaluation frameworks for evaluating tools, models or
frameworks in the field of software engineering, some researchers have done valuable work in
this area already.

One such evaluation framework was developed by Kitchenham et al. [9,10]. They constructed
a risk-based software bidding model and proposed an evaluation framework to evaluate their
bidding model. The framework worked well as a validation framework, and first trials
confirmed the benefit of the framework, and allowed for some adjustment to the framework
according to the evaluation results. The evaluation process was confirmed to be important and
the evaluation framework was suggested to be applicable to a broad range of models. This is
related to the evaluation of maturity models, for example in that the evaluation task is
complicated by the fact that it is very hard to judge whether decisions taken were right or
other decisions should have been taken.

Another framework for evaluating tools and models in information system research has been
proposed by Agerfalk [11]. He makes a distinction between internal grounding, external
theoretical grounding and empirical grounding. These three categories are closely related to
the three types of evaluation proposed in this paper. The types of grounding described by
Agerfalk are not limited to maturity models or even to process improvement frameworks in
general, but can be applied to a wide range of methods, while the types of evaluation
presented in this paper are more specific for maturity models.

Pfleeger et al. [12] reported on the results of the Smartie project (Standards and Methods
Assessment Using Rigorous Techniques in Industrial Environments), where they present a
framework for evaluating software engineering standards. They discuss the difficulties in
evaluating large process improvement frameworks and focus especially on the questions that
should be asked during such an evaluation. However, no framework for maturity model
evaluation was presented.

Finally, Vaishnavi et al. [13] have published a validation framework for maturity models,
which they have used to validate their Formal Specification Strategies Maturity Model. Their
framework focuses especially on the requirements for empirical validation of maturity models
through application in case studies.

Systematic reviews and mapping studies have been conducted in different studies [14] in
widely different areas such as cost estimation (e.g. [15]), open source software (e.g. [16]), and
testing (e.g. [17]). However, to the best of our knowledge, none of them has looked
specifically at the evaluation of maturity models in general. Nevertheless, for the most well-
known maturity models, there have been meta-evaluations that summarize selections of
previously published results about the evaluation of these specific maturity models. Often the
scope of each of the individual evaluations is quite limited because of the large effort
involved in evaluating a maturity model, therefore these meta-evaluations actually provide the
most complete evaluation of the maturity models. Of course, this approach is only possible for
well-established maturity models.

The most famous of these maturity models is probably the Capability Maturity Model
Integration (CMMI) [18]. CMMI is a process improvement approach that provides
organizations with the essential elements of effective processes. This framework, together
with its predecessors and related frameworks, has to a large extent influenced the software
industry and the research in software process improvement. McGarry et al. [19] have



published a large study with the result of CMM in over 90 projects. They also explicitly make
a distinction between two kinds of evaluations: through direct measurements of an
organization’s results and a more subjective evaluation through surveys among organizations
using the framework. Galin et al. [19] have summarized the results of 19 previous studies on
the effectiveness of CMM programs. Both these papers explicitly state the need for more
empirical, measurable evaluations of process improvement frameworks. Because of the
importance of CMM and because of the large amount of publications available about CMM,
Section 6 of this paper discusses the evaluations of CMM identified in this mapping study in
more detail.

The SPICE (Software Process Improvement and Capability dEtermination) framework aims
to deliver the 1SO standard of software process assessment [21]. After the first and second
versions of SPICE were published, large international SPICE trials were organized to evaluate
different aspects of the framework. Jung et al. [22] and EI Emam et al. [23] have published
reports summarizing the goals and the results of these evaluations.

From these studies it is clear that there are many different ways to evaluate a maturity model
and that there is little consistency in which evaluation methods are currently being used. This
shows that there is a need for a broader summary of approaches for evaluating maturity
models and classifying how models have been evaluated in the past.

3. Evaluation framework

It is important to distinguish between “‘assessment’ and ‘evaluation’ in the context of maturity
models. Maturity models are used to assess and improve development processes and other
processes. Also the maturity models themselves can be evaluated and improved and this is the
focus of this mapping study. It can be noticed that both assessments and evaluations involve a
set of questions that are asked by an investigator. In the assessment the objective is to
understand and improve the process and in the evaluation the objective is to understand and
improve the maturity model. An evaluation can be conducted independently of assessments or
based on the results of assessments.

There are different possible ways to evaluate a maturity model. To classify the different ways
of evaluating a maturity model, this paper proposes the following framework consisting of
three types of evaluations, based on the experience of the authors in this field:

e Type 1. A type 1 evaluation is conducted "off-line”, only by the authors of the
evaluation without involving any outside experts. A type 1 evaluation can be done
based on, for example, their knowledge of the processes it is intended to be used with
or by comparing it with other similar frameworks. The evaluators could also be the
authors of the maturity model itself.

e Type 2. A type 2 evaluation is conducted by involving practitioners, who are the
experts on the type of process that is intended to be improved by the maturity model,
but who have not been involved in the actual development of the maturity model. In a
type 2 evaluation no real assessment is carried out, instead interviews, surveys or
simulated assignments can be carried out.

e Type 3: A type 3 evaluation is conducted through real process improvement activities
where the maturity model is used in a practical setting.



Type 1 evaluations requires the least effort of the three since they only require that people
who have knowledge about it can spend time elaborating different aspects of the model. Type
2 evaluations are more complicated since they require the cooperation of practitioners. Type 3
evaluations can be regarded as the most costly since they require that an assessment is carried
out and that the result is used not only to analyze the investigated process but also to analyze
the maturity model. That is, if the assessment is carried out in order to evaluate the maturity
model, the cost of this evaluation type can be regarded as very high. However, assessments
can be carried out with the purpose of at the same time improving the process, and then the
expected benefits can be used to justify this cost.

The three types of evaluations imply an order in which they can most logically be used to
evaluate a maturity model under development. First the maturity model is evaluated by
experts on the maturity model, then by experts on the process that is improved, and finally it
is used in improvement programs. For example, a maturity model may be formulated for
improvement of an IT management process. It could first be evaluated in a type 1 evaluation
where experts on the model evaluate factors like understandability and internal consistency.
After that, independent practitioners from both IT management and users of IT systems could
evaluate the contents of the model in a type 2 evaluation to validate how well the model
corresponds with the current state of practice. When these evaluations have been carried out it
is reasonable to use the model in a series of assessments where extra effort is spent on
evaluation of the developed maturity model, i.e. type 3.

It is of course also possible to iterate or to carry out the evaluations in any order that is seen as
useful. In the example above, it can, for example, be necessary update and reevaluate the
model based on the feedback from the earlier evaluations.

4. Research methodology

The research in this paper is conducted in two major steps. First a framework for the
evaluation of maturity models is defined based on knowledge of the area and commonly cited
literature. The defined framework is then used to classify papers in a mapping study of
published literature in the area. The mapping study representing the major part of the
presented research has two main objectives, both to identify literature and to investigate the
usefulness of the defined framework for classification of research in the area.

The review focuses on the evaluation of maturity models. Mapping studies are to a large
extent carried out in the same way as systematic reviews, as described by Kitchenham [24]. A
difference is that while a systematic review is conducted in order to identify best practice in
an area based on presented research the objective of a mapping study is more to classify
conducted research [8]. However the systematic approach to identifying relevant research can
be conducted in the same way. This research is carried out based on the guidelines for
performing presented by Kitchenham [24]. The procedure of this mapping study includes the
following steps: planning, defining research questions, searching the databases, discussion of
validity, data extraction and synthesis of the results. These steps are described in the next
subsections.



Three researchers were involved in this research, and they are the authors of this paper. From
here on the term ‘authors’ is used to mean these researchers.

4.1Planning

The goal of the mapping study is to find out how the evaluation of maturity models is
conducted and to prove the usefulness of the framework introduced in Section 3. A review
protocol was developed in the beginning of the mapping study. The protocol includes the
research background, the research questions, search strategy, study selection criteria and
procedures, quality assessment, data extraction and data synthesis strategies. The intention is
that this review protocol should make sure that the study is undertaken as planned and not
driven by researcher expectations. In this review protocol, the whole study timetable was not
decided from the beginning but the actual timetable of the study and results produced were
recorded as the study progressed. The research questions and article identification strategies
are described in the following sub sections.

4.2 Research questions

In this research, the methods used for the evaluation of maturity models are classified and
mapped to different types in the defined framework presented in Section 3. The result is an
overview of which evaluation methods have been used. This can guide researchers in
choosing suitable methods for future evaluations of maturity models.

This can be formulated in the following main research questions:

RQ1: What research has been conducted and reported in the area of the evaluation of maturity
models?

RQ2: To what extent is the framework presented in Section 3 useful for classification of the
approaches to the evaluation of maturity models?

RQ3: How can the framework be further extended in order to support researchers and
practitioners developing evaluation approaches for maturity models?

Basically RQ1 is investigated through this mapping study, RQ2 in an extension of the
mapping study, where the identified research papers are mapped to the structure of the
framework. RQ3 is answered by reflections on the work with RQ1 and RQ2.

4.3 Search strategy and search process

4.3.1 Search resources

This study was planned to find relevant literature about the evaluation of maturity models.
Based on the fact that most relevant papers for this study are in the software engineering area,
two electronic databases were searched:

e INSPEC: This database is provided by Elsevier Engineering Information Inc. and the
Institute of Electrical Engineers (IEE). It includes papers from 1969 to present.

e COMPENDEX: This database is provided by Elsevier Engineering Information Inc. It
includes papers from 1970 to present.

Both databases intend to provide a complete coverage of the area, and include papers from all
conferences, journals, and publishers (e.g. IEEE, ACM, Springer, and IEE). These two



databases are by many experts seen as the leading databases in e.g. Computer Engineering
and Electrical engineering and Electronics. Both databases were accessed through
Engineering Village (http://www.engineeringvillage2.org).

Searches in the databases were carried out with a search string that is presented below.

Besides these two databases, the Journal of Software Process Improvement and Practice was
searched manually. This journal was chosen because it is known to include published
software process improvement approaches. The papers of this journal from 1995 to 2009 were
searched, i.e. all available issues at the time the database searches were carried out.

4.3.2 Search process
After some tried searches, the following search string was decided on for this study.

((Evaluating WN KY) OR (evaluation WN KY)) AND
(((maturity model*) WN KY) OR (CMM* WN KY) OR (SPICE WN KY))

The first line is intended to make sure that the papers have to do with the evaluation and the
second line is intended to make sure that the paper is about maturity models. The term "WN"
means existence, i.e. that the work before should exist in some part of the paper. "KY"
denotes that certain words should appear in the title, abstract or key word list of the paper.

The search string was used on the two electronic databases on June 30th, 2009. After
duplicate papers were removed, 1722 unique papers remained. After removing the papers that
are obviously out of the area, 338 papers remained.

After this the Journal of Software Process Improvement and Practice was searched manually
on July 23" 2009. In this journal, 21 relevant papers were found. All of these papers were
already included in the list of identified papers, which shows that the initial search was able to
identify these important papers.

Afterwards, the references of a selection of the most relevant papers were manually checked
and as a result, another 5 papers were added.

4.3.3 Inclusion and exclusion criteria
A paper is kept in this mapping study if it satisfies one of the following two criteria:

e The paper is the report of an evaluation of one or more maturity models to identify
merits and/or weakness of the models.

e The paper is the report of experience of using one or more maturity models in
organizations for process improvement and some feedback was provided in order to
improve the models. This includes papers whose main purpose is not to evaluate the
maturity model, but still present an empirical evaluation of the used maturity model.

The papers were first reviewed based on titles, abstracts and key words, and they were
classified in three different types:

e Relevant papers: if the paper satisfies one of the two inclusion criteria.

e Process assessment papers: if the paper is related to process assessment with maturity
models, but not related to the evaluation of maturity models.



e Excluded papers: other papers, which are not relevant to either evaluation of maturity
models or process assessment.

One author reviewed all 343 papers and put them into these different types according to the
previous criteria. Then the other two authors checked part of the results, and found that some
disagreement existed. The conclusion was that the disagreement was large enough to warrant
the extra work of rechecking the classification of the rejected papers. Therefore the other two
authors reviewed those papers that were excluded or classified as process assessment related,
and re-added some papers into the relevant papers group. When there was doubt about the
classification of a paper, it was included in the relevant group, leaving the possibility to
discard the paper during the next phase when the full papers were studied. The result of this
stage was that 116 papers were classified as relevant to the evaluation and assessment of
maturity models.

4.3.4 Classification

The three authors reviewed one third of the papers each, based on the full texts, and classified
the papers into three types according to the framework in Section 3. After the first round of
classifications, each author had some papers for which he/she wanted to discuss the
classification. Then all authors reviewed those papers, and discussed their results together,
and found they agreed on the result of the second round classification, so the classification
result was accepted by the research team.

During the final step of the selection, 55 papers were excluded based on their full texts, 2
papers turned out to be duplicates that were not detected before because the names were
slightly different, and 59 papers were selected as relevant papers for this mapping study.

The search process is summarized in Figure 1.
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Figure 1. Paper identification process

4.4 Classification validity

The goal of this study is to cover as many as possible of the relevant research papers about the
evaluation of maturity models. Nevertheless, it is likely that some relevant papers have been
missed. This can be attributed to a number of different reasons. First of all, only papers
published in English were considered. Because of practical reasons it was not possible to
search through the scientific literature in other languages. Secondly, even in the English
language there is some ambiguity and the search string described in Section 4.3.2 was chosen
to include as many relevant papers as possible, while still returning a practical number of
results. This means that some relevant papers that use a different terminology might not have
been found. Thirdly, some lesser known journals and proceedings are not included in the
electronic databases that were searched and any possible papers published in these collections
were therefore not included in the results. A fourth reason is that the terms used were from a
typical engineering perspective. It may be the case that the same type of model is used in
other domains with other names. Finally, some papers can also have been rejected incorrectly
during the selection process from the search results to the final list of relevant papers.

The scope of the mapping study is not limited to maturity models in the field of software
engineering, although this is where maturity models have been the most popular and it is also
the main focus of the mapping study. Because of the software engineering background from



the authors and the way the search string was constructed, the selection of relevant papers is
more likely to have missed relevant papers from other fields where also a different
terminology is more likely to be used.

The following measures have been taken to improve the validity of the research and to
minimize the number of missed papers:

e The inclusion and exclusion criteria at every step were explicitly defined and agreed
upon by all authors. This makes the results from different authors more consistent and
objective.

e For the selection based on abstract, after one author classified all relevant papers, the
other two authors rechecked the rejected papers and further added any papers that they
considered as possibly relevant. At any time when one author was not certain about
the classification, the other authors looked at that particular paper and the final
classification was decided when all authors agreed on it.

e To check whether the search string returned all the most relevant papers, the most
important journal in the field of interest, the Journal of Software Process Improvement
and Practice, was searched manually based on the content of the article and no new
relevant papers were found.

e To further complete the list of relevant papers, the most important papers in the list
were selected and their reference lists were systematically searched for relevant
papers. This resulted in the identification of an extra 5 relevant papers that had not
been included in the list before. Three of these papers were from CrossTalk, a journal
not included in the databases, the remaining two had not been returned in the
automatic search results because they used a slightly different terminology.

These measures together give us a good degree of confidence that most of the relevant papers,
at least in the software engineering field, have been identified, although there is a risk that
some less influential papers have been missed. Therefore, this mapping study cannot
guarantee completeness, but can still be trusted to give a good overview of the relevant
literature on the evaluation of maturity models, especially in the field of software engineering.

4.5 Data extraction
The data extracted from each paper were maintained through the whole review process. After
identification of the relevant papers, the following data were extracted:

e The source (journal or conference)

e Title

e Authors

e Publication year

e The evaluation or assessment type: type 1, 2 and/or 3

e Summary of the research, including which questions were solved

To be able to analyze the 59 papers there was a need to classify them in more ways than just
according to the framework defined in Section 3. For this purpose further criteria for
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classifying the papers were defined and discussed by the research team, based on what
information was available in the papers. When needed the categories were updated or clarified
during the classification process. The result is presented in Table 1.

Table 1 Information collected from papers

Static evaluation only by the authors of the paper (type 1 according to
the framework)

Evaluation by external experts in the field (type 2 according to the
framework)

Evaluation through process assessment (type 3 according to the
framework)

Evaluation type, select one of

Size, report the following Number of case studies for type 3
metrics

Number of independent people involved in type 2
Evaluation of their own MM

Relation of the evaluators to )
the maturity model Independent evaluation by others

Part of an official evaluation of MM (e.g. SPICE trials)
Objective
Subjective

Obijectivity of evaluation,
select one of

Both subjective and objective

Evaluation of MM is the only purpose of the paper
Purpose of the papers, select | gyaluation of MM is a main purpose of the paper

one of Evaluation of MM is carried out in addition to another main purpose of
the paper
CMM*
SPICE

Maturity model of interest, Special adaptation of an famous MM (e.g. CMM for "small

select one of organizations™)

New, self-developed MM

Other maturity models, for example, BOOTSTRAP
Based on the criteria for classifying the papers, all relevant papers were reviewed and the
corresponding data were extracted.

It is not easy to identify an evaluation as objective or subjective. In this study, an evaluation is
identified as objective if it looks at the correlation between maturity level and objective data
like faults/KLOC, productivity, etc. An evaluation is identified as subjective if interviews
about the maturity model are used to evaluate the model, or if they look for correlation
between maturity level and employee satisfaction and how people evaluate the maturity
model. Some papers are identified as containing both a subjective and an objective evaluation.

The Carnegie Mellon Software Engineering Institute has published a series of frameworks
since the original publication of CMM, for example CMMI [17]. The term CMM?* is used in
this study to refer to all related maturity models together.

The last categorisation partly overlaps with the third categorisation, especially concerning the
self-developed maturity models. The last categorisation is mostly useful for being able to
extract those papers that concern CMM* for further analysis in Section 6.
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4.6 Data synthesis

The data synthesis was specified in the review protocol from the beginning of the mapping
study. When there was any uncertainty about the classification of the primary studies, the
issue was discussed by all authors until agreement was reached.

5. Results

5.1 Introduction

Appendix A lists the relevant articles from the mapping study. 59 articles are identified as
relevant for this study. In this section, the classification of the articles according to Section 4.5
is discussed.

In Figure 2 the publication years for the identified articles are displayed. From this data it is
not possible to identify any clear increasing or decreasing trend. Instead it can be concluded
that there continuously have been published articles in the area.

9
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Figure 2. Histogram of publication year for the identified articles

5.2 Classification according to the framework
The evaluation type of each paper is shown in Table 2.

Table 2 Evaluation type of papers

Evaluation Identified articles Number of
type articles
Type 1 6, 11, 28, 30, 35, 37, 41, 46, 50, 51, 52, 56 12
Type 2 1,4,54,59 4
Type 3 2,3,4,5,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 20, 21, 22, 23, 24, | 50

25, 26, 27, 29, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 44, 45, 47, 48,

49, 51, 53, 55, 56, 57, 58, 59

Table 2 shows the classification with respect to evaluation type. It can be seen that 12 out of
the 59 articles are classified as type 1, 4 articles are classified as type 2, and 50 articles are

12



classified as type 3. It should be noted that a few articles have been classified as more than
one type, e.g. article 12 as both type 1 and type 3.

This result shows that most of the cases used to evaluate maturity models are type 3, in which
maturity models are evaluated by using them in software process improvement. Only 4 out of
59 cases used type 2, and half of them were combined with a type 3 evaluation.

An example of how a type 3 evaluation can be carried out is presented in article 15, where
data from already conducted assessments are used to evaluate CMM. Experience reports were
collected from a database (PAIS). 707 of 948 reports were about CMM, which means that
CMM could be evaluated with respect to internal consistency and correlation between related
factors (dimensionality). This is a rather large evaluation with respect to number of included
assessments.

An example of a type 1 evaluation is presented in paper 30 where two maturity models are
compared by the researchers with respect to simplicity, validity, robustness, prescriptiveness,
and analyzability.

5.3 Maturity models

The maturity models that were evaluated in the identified articles are of 5 types: CMM™* (i.e.
any type of model related to CM, such as CMM, CMMI), SPICE, adaptation of official
Maturity Models (e.g. CMM for small organizations), self-developed maturity models, and
other maturity models (common models but not so widely used as CMM or SPICE). The
classification with respect to evaluated maturity models is presented in Table 3.

Table 3 Evaluated Maturity Models

Maturity model type Identified articles Number of articles

3,4,5,6,9, 13, 16, 19, 20, 22, 30, 31, 34, 35, 36, | 26

CMM* 38,41, 43, 44, 45, 47, 48, 50, 52, 57, 59

SPICE 8,11, 15, 18, 19, 23, 24, 25, 26, 27, 28, 36, 52 13
Adaptation of official MM (e.g. | 7, 10, 14, 21, 29, 46, 53 7
CMM for "small

organizations")

1,2,12, 17, 32, 33, 37, 39, 40, 42, 44, 51, 54, 56, | 15
Self-developed MM 58

Other maturity models, for | 49, 55 2
example, BOOTSTRAP

Table 5 shows that 26 articles were about evaluation of CMM*, 13 were about SPICE, 3 of
which were about the evaluation of both CMM and SPICE. 7 were about adaptations of
official maturity models. 15 evaluated their self-developed maturity models. One of them
compared with CMM also. Only two papers were about evaluation of other common maturity
models.

More than half of the studies were about CMM* or SPICE. About one fourth of the
evaluations were about self-developed maturity models. Only a few were about adaptation of
official maturity models, and even fewer cases were about evaluation of other common
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maturity models. In Section 6 the articles presenting research on CMM* are discussed in
more detail.

5.4 Relationship of the authors to the maturity model

Table 4 shows that 16 of 59 articles were written by researchers that had developed their own
maturity model and evaluated it, of course these are nearly exactly the same articles as in the
category of self-developed maturity models in the previous sections. Most of these maturity
models are from the software engineering field, though this can partly be explained because
we focused our search on this area. The evaluation of the maturity models is an important step
in the development of it, and it is normal that the first evaluations are performed by the
developers of the model.

Table 4 Relationship of the authors to the evaluated maturity model for each of the papers

Evaluation group Identified papers Number of papers
Evaluation of their own | 1, 2,7, 12, 15, 17, 32, 33, 37, 39, 40, 42, 51, 54, 56, 58 16
MM

3,4,5,6,8,9, 10, 13, 14, 16, 20, 21, 22, 23, 25, 28, 29, | 37
Independent evaluation | 30, 31, 34, 35, 36, 38, 41, 43, 44, 45, 46, 47, 48, 49, 50,
by others 52, 53, 55, 57, 59

Part of the official | 11, 18, 19, 24, 26, 27 6
evaluation of the MM

6 of the 59 articles are part of an official maturity models evaluation, and all of those are from
the SPICE trials, since this is the only maturity model that has been systematically evaluated
in an official set of organized trials.

Most of the articles, 37 out of 59, discuss the evaluation of internationally accepted models by
researchers or professionals that were not directly involved in the development process of the
maturity model. These articles are most likely to be unbiased and can evaluate how easy the
evaluated maturity model is to use as a finished tool for an organization without the
involvement of the authors of the maturity model.

This classification is also important because the context in which the evaluation was
performed has a large influence on the way the evaluation can be performed. In the
evaluations of self-developed maturity models, most studies are quite small because of the
huge effort required in this kind of evaluation. The advantage of these evaluations is that the
developers of the maturity model are directly involved in the application of the model and can
check that all participants in the study apply the model consistently. In the evaluation of
internationally renowned maturity models such as CMM, there is often a lot of data available
because many organizations are using these models. However, the difficulty here lies in that
the researchers have very little control over how these organizations apply the maturity
model, making it hard to compare data from different organizations.

5.5 Objectivity

The evaluation objectivity of relevant articles is shown in Table 5. Articles in the subjective
category are those using questionnaires and interviews to investigate the applicability of the
maturity models and whether the effects of the maturity model are experienced as positive.
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The papers in the objective category investigate the direct effect of the maturity model on
metrics such as productivity and fault rate.

McGarry et al. [19] note that many evaluations are based on mostly subjective judgments of
the effectiveness of maturity models and that there is a need for more objective evaluations.
Table 5 shows that the mapping study identified more subjective than objective papers, but
the difference is relatively small. Because both a subjective and objective evaluation are
important in the complete evaluation of a maturity model, it is positive that there are many
papers in each of the categories and that there are many articles combining both approaches.

Table 5 Evaluation objectivity

Evaluation objectivity | Identified articles Number of articles
5,6, 12, 13, 15, 18, 19, 20, 23, 24, 25, 26, 31, 32, 34,38, | 20

Obijective 43, 45, 55, 59
2,4,7,9, 14, 16, 17, 21, 22, 29, 30, 33, 37, 39, 40, 41, | 24

Subjective 46, 48, 49, 50, 51, 52, 54, 57

both subjective and | 1, 3,8, 10, 11, 27, 28, 35, 36, 42, 44, 47, 53, 56, 58 15

objective

It should be noted that this classification is not always easy to make. For the articles of type 3
of the framework, all maturity model assessments automatically contain a subjective factor.
This is not what is meant with the subjective category in this study. The subjective/objective
classification only takes into account the other variables studied, which are in each study
being compared to the measured maturity levels. For some papers it can be hard to extract
how some of the study data was collected making the classification of objective or subjective
more uncertain. For the articles from type 1 and 2 of the framework the classification of
objective or subjective is based on the used evaluation methods.

5.6 Size
The size of each study represents how many persons were involved in the study, how many
companies or how many divisions of a company were included in the study, etc.

The extracted size data about the papers shows that it is generally very hard to generalize the
size data or even to compare the size of a study presented in one article with another since
different measures are reported in the different articles. Therefore the size data cannot be
summarized statistically, nevertheless it can be seen that the list of relevant articles contains
everything from very small to very large-scale evaluations.

For example, 545 survey participants were involved in a survey about CMM KPA in article 4,
and this covers about half of the companies in CMM-based SPI programs at the time. 6
persons in one organization were involved in the evaluation of a requirements quality model
in paper 54. In article 42, 18 companies were involved in a case study. The experience of 30
platforms in around 10 divisions was reported in article 33. However, in article 35, only one
organization was involved in the evaluation, and in article 29, one case study was done in a
virtual software organization.
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6. Analysis of research on CMM*

In this work many articles on software process improvement based on different maturity
models have been identified and analyzed. Based on this it is natural to say something about
the general effectiveness of the models in process improvement. It would, for example, be
interesting and valuable to determine the mean value of the effects of improvements based on
different models. However, based on the identified articles it is not possible to do exactly this
investigation for a number of reasons.

One reason that it is not possible is that it is very different how many studies there are for the
each model. For CMM* and SPICE there are rather many articles identified, while there are
only a few studies for each of the other models. Another reason is that the focus of the
identified studies differs very much. Concerning SPICE, the focus of the studies is, as
described above, not really on effectiveness, but more on e.g. consistency of different
reviewers when interpreting factors of the model.

Concerning the articles on CMM* they investigate rather different factors, which makes the
analysis of effectiveness from the articles impossible. However, it possible and relevant to
further analyze the evaluations of the maturity models in the CMM family by summarizing
the research that has been conducted. With CMM* we denote all models in the CMM family,
i.e. both CMM and CMMI.

26 articles evaluating CMM* have been identified in this study and together they present
many different types of evaluations. The largest group of these evaluations (articles 3, 5, 13,
34, 38, 45 and 47) presents metrics collected from many projects across different maturity
levels, at one or more organizations. These articles make it possible to statistically analyze the
benefits and/or costs associated with an organization reaching a higher maturity level. This is
the strongest proof for measurable improvements in an organization from using software
process improvement. Article 20 even presents a meta-analysis of a number of these metrics
from different independent usages of CMM*. Another similar overview of accumulated
evidence of software process improvement in general, including a number of cases using
CMM* can be found in [25].

The collection of this kind of metrics is very valuable but is often quite difficult in practice.
Therefore, another common way to evaluate the effects of CMM* is with a large survey
among organizations that are using CMM*, often with a specific focus. This approach is used
in five of the identified articles (articles 4, 16, 22, 36 and 53), where the first and the last
article focus especially on the problems faced by small and medium-sized businesses.

Three other articles (articles 9, 35 and 57) present experience reports of using CMM* for
process improvement. These articles do not focus on presenting measured benefits or on
collecting large amounts of data, but instead on describing in detail the positive effects and
practical problems experienced by one organization starting out with software process
improvement.

Three articles (articles 19, 31 and 43) present a statistical analysis of the data from a large
number of CMM* assessments to investigate the internal consistency of the assessment
methods.

All the articles discussed above are clearly type 3 evaluations. A number of type 1 evaluations
of CMM* have also been performed. Three articles focus on one specific element of software
engineering such as testing (article 6), security (article 41) or software architecture (article 50)
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and study how the best practices in this area are supported by CMM*. This allows them to
identify some very specific possible shortcomings in CMM* and to propose an own
framework that complements CMM* and specifically targets this area.

Another type 1 evaluation is to compare the assessment method of CMM* to some other
common process improvement methods such as BOOTSTRAP (article 30), GQM (article 44)
or SPICE (article 52).

Finally, there is also one article (article 48) that offers a detailed discussion of the advantages
and disadvantages of using CMM* levels as a requirement when selecting contractors from
the point of view of the US Department of Defense.

7. Discussion

For a more detailed discussion of the distribution of the relevant articles it is also important to
look at the combination of different classifications. More than half of the articles present
evaluations of CMM or SPICE, and these evaluations are done mainly as type 3. About one
fourth of the articles are evaluations of self-developed maturity models, and these evaluations
are also done mainly as type 3.

All reported type 1 evaluations are done independently by others than the model developers.
Possibly this type of evaluation has also been done by the developers themselves but then
these evaluations have not been reported separately, and only those done by others have been
reported. Only two articles used only type 2 evaluation. Both of them are evaluations of self-
developed maturity models. Most of the type 3 evaluations are independent evaluations by
others, and only few of them are part of the official evaluation. This is reasonable, because
with a type 3 evaluation, the model should be used by others and the model’s effectiveness is
assessed according to that.

Most of the self-developed maturity models were evaluated by the developers first, because
the related articles are classified as evaluation of their own maturity models. This conforms to
what we would expect to find from our own experience. Most of the independent evaluations
are done regarding CMM and related models. This shows that CMM has been used for quite
some time, and quite a few results have been published about it.

Most of the evaluations of self-developed maturity models are side effects of the articles,
which shows that the developers of the maturity models usually publish the result of the
model evaluation together with their maturity models, and that the evaluation results are only
a small part of their articles. When the official evaluations are published, the evaluations of
maturity models are usually the only purpose of the articles, and the models themselves are
not explained, because the models were published already.

The evaluations of self-developed maturity models are more often subjective than the
independent evaluations by others. As expected, all official evaluations are either classified as
objective or as both objective and subjective. None of these evaluations are classified as
subjective.

Regarding the relation between the objectivity of evaluations and the purpose of the articles,
most of the objective evaluations are published as the only purpose of the articles. These
objective evaluations are done by others than the model developers, so they usually only
report the results of evaluations, but many articles by model developers explain the model and
then some result from evaluation. This result is shown by the fact that most of the subjective
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evaluations are published as a side effect of the articles. Both subjective and objective
evaluations are usually published as main purpose of the articles, and at the same time some
other evaluations are published as only purpose or side effect, because the evaluation may be
published separately or together with the model.

For the papers whose side product is maturity model evaluation, most of them (two thirds) are
evaluation of self-developed maturity models. The rest of them are about evaluations of
adaptations of official models. This shows that evaluation results are often published together
with a model only when the model is new or has been changed for a special purpose.
Otherwise there is no need to explain a model that is already published, or even has been
commonly used.

The presented mapping study also shows that there are large differences in the size of the
evaluations in the relevant articles. Some articles combine data from hundreds of assessments
at many different companies, while others are limited to a few projects at one organization.
Generally, it is hard to compare this aspect of the studied papers because not all studies report
all details of the data collected. An evaluation with many companies involved is not necessary
a larger study than another evaluation with only one company involved, because of the
differences in the size of the companies and the number of people involved in the studies.

8. Conclusions

In this paper, a mapping study of the evaluation of maturity models is presented. 59 relevant
articles are selected from two electronic databases. The selected articles are classified
according to the evaluation types, the relation of the evaluators to the maturity model, the
objectivity, the purpose of the articles and the maturity model of interest.

A framework of different evaluations of maturity models is developed, and the relevant
articles are mapped to the framework according to their classified evaluation types. The result
of the mapping study shows that the type 3 evaluation, i.e. evaluation is conducted by actively
using the maturity model in a process improvement effort, is the most commonly used
evaluation method. Type 2, i.e. the evaluation involves some external experts from the field
but without conducting an assessment, is the least used method. Only those type 1 evaluations
done independently by others than the model developers were found in the review. Even
though most of the published type 1 evaluations are not done by the developers, the
evaluations are still classified as subjective, because the evaluations are done off-line and are
not the result from using the model in process improvement.

A lot of results are reported about the evaluations of CMM (including other models in the
same family) and SPICE. Especially CMM has been evaluated in many different ways and the
advantages and disadvantages of this framework have been documented in many research
papers. The evaluations of some self-developed maturity models were also found. It is easy to
see that quite a few maturity models have been developed, but the evaluation results for self-
developed maturity model are not many. It shows that it is quite difficult to put a new
maturity model into use when not much evaluation result has been reported for it. To have
more users is very important for the development of a maturity model because it means more
feedback, more evaluation results, and the model itself can be improved faster.

This mapping study has looked into relevant articles and extracted data of published
evaluation methods of maturity models. This can give a good overview for the researcher and
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practitioners in this area of how the evaluations have been done, and it can give them
guidance in what kind of methods can be chosen for future evaluations of maturity models.

Future work building on the research presented in this paper could, for example, focus on how
this framework can be used to identify possible shortcomings in how some maturity models
have been evaluated. This way, further interesting opportunities for the evaluation of some
important maturity models could be identified. Currently there is not enough empirical data
available in the literature to determine how effective developed models are in different
situations in a meta-analysis. This research points to the need for providing this kind of
empirical data, and an interesting area for future research would be to do this kind of meta-
analysis when such data is available.
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