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Background: The search for adherence to maturity levels by using lightweight processes that require low
levels of effort is regarded as a challenge for software development organizations.
Objective: This study seeks to evaluate, synthesize, and present results on the use of the Capability Matu-
rity Model Integration (CMMI) in combination with agile software development, and thereafter to give an
overview of the topics researched, which includes a discussion of their benefits and limitations, the
strength of the findings, and the implications for research and practice.
Methods: The method applied was a Systematic Literature Review on studies published up to (and
including) 2011.
Results: The search strategy identified 3193 results, of which 81 included studies on the use of CMMI
together with agile methodologies. The benefits found were grouped into two main categories: those
related to the organization in general and those related to the development process, and were organized
into subcategories, according to the area to which they refer. The limitations were also grouped into these
categories. Using the criteria defined, the strength of the evidence found was considered low. The impli-
cations of the results for research and practice are discussed.
Conclusion: Agile methodologies can be used by companies to reduce efforts in getting to levels 2 and 3 of
CMMI, there even being reports of applying agile practices that led to achieving level 5. However, agile
methodologies alone, according to the studies, were not sufficient to obtain a rating at a given level, it
being necessary to resort to additional practices to do so.
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1. Introduction

Maturity models, such as Capability Maturity Model Integration
(CMMI) [1], have been presented in recent times as a resource that
software development organizations may be required to use if they
are to win and retain more customers. An organization that offers a
rating at the highest levels of these maturity models excels in com-
petitions for software projects. These affirmations could be sup-
ported by the number of CMMI appraisals which have been
increased over the years [2]. However, the direct implementation
of maturity model practices, as opposed to the proper assimilation
of the principles and objectives that underlie these models, should
be avoided. Bearing these concerns in mind, many organizations
have taken greater interest in agile software development in order
to combine maturity and agility.

Agile software development has its main values stated in the
Agile Manifesto [3] and is represented by agile methodologies, such
as Extreme Programming [4] and Scrum [5], which are approaches, in
general, that focus on collaboration in a flexible way. These meth-
odologies arose from the need to establish processes that address
the development of systems more quickly and with quality. They
employ an iterative and incremental life cycle, with short iterations
and requirements that can be modified throughout the develop-
ment, with extensive participation by the customer.

The systematic review in this paper sets out to evaluate, synthe-
size, and present results on the use of CMMI in combination with
agile software development, using studies published up to (and
including) 2011, and thereafter to give an overview of the topics
researched, which includes a discussion of their benefits and
limitations, the strength of the findings, and the implications for
research and practice. This review is important for Software Engi-
neering because it analyses together the current main approaches
regard software development and software process improvement.
Some statistics, as [2,6], show that the use of CMMI and agile is
increasing in the software industry. Moreover, the number of stud-
ies included in this review shows that their use together also has
increased.

The focus in this review is on CMMI because it is a maturity
model used by many organizations all over the world, as reported
in [2], and its use has been one of the factors related to agile devel-
opment, identified in previous reviews, such as that by Hasnain [7].
In future, research may well be extended to further study on other
maturity models, such as the Reference Model for Brazilian Software
Process Improvement (MR-MPS.BR) [8], which was the subject of
another review, published in Souza et al. [9].

The remainder of this paper has the following organization. Sec-
tion 2 gives a brief theoretical description of CMMI, agile method-
ologies and previous reviews in this area. Section 3 describes the
research methodology. Section 4 reports the general results. Bene-
fits and limitations, the strength of the evidence and implications
for research and practice are discussed in Section 5. Conclusions
and recommendations for future research are set out in Section 6.

2. Background

Initially, the CMMI will be briefly described and, then, the main
concepts of agile methodologies. This section ends with a brief
overview of previous reviews of these fields of work.
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2.1. Capability Maturity Model Integration (CMMI)

Capability Maturity Model Integration (CMMI) [1] is a project that
deals with the integration of maturity models in software produc-
tion, originally designed by the Software Engineering Institute
(SEI) of Carnegie Mellon University, and is supported by software
development organizations and government entities. It aims to
consolidate a framework for models, and evolve and integrate mod-
els derived from the Capability Maturity Model (CMM) for Software,
also proposed by SEI, the focus being on organizational capacity.

When this review was being undertaken, CMMI for Develop-
ment (CMMI-DEV), the model considered here, was in version
1.3, which was released in November 2010. However, the review
considers related work on previous versions, including work on
CMM for software. For the purposes of nomenclature, in this paper
only the term CMMI is used.

The main objective of CMMI is to reduce the cost of implement-
ing improvements in processes by eliminating inconsistencies and
establishing guidelines to assist organizations at various stages of a
software project (planning, management, and others). Its architec-
ture is comprised by defining a set of 22 process areas, arranged in
two representations: one per stage, in which the areas are grouped
into five levels of maturity; and another continuous representa-
tion, where four levels of capability are set.

CMMI is compliant with other standards and quality models,
such as CMM, ISO 12207 and ISO 15504 [1]. Its use has been wide-
spread in assisting the conduct of software projects in organiza-
tions [2]. However, in certain projects some concepts of CMMI
should be adapted or removed in order to facilitate development.
This adaptation feature should be considered by organizations
seeking to employ CMMI with agile methodologies in software
production.
2.2. Agile software development

Agile methodologies (or lightweight methodologies) have been
proposed as an alternative to traditional methodologies of software
development, which are also referred to as plan-driven, heavy, sys-
tematic or Tayloristic methodologies. The common principles of
agile methodologies are described in a document entitled the
‘‘Manifesto for Agile Software Development’’ or simply the ‘‘Agile
Manifesto’’ [3]. This document was proposed during a meeting in
Utah of seventeen experts on software development in 2001.
According to the manifesto, agile methodologies emphasize the
value of the following concepts [3]:

– Individuals and interactions over processes and tools;
– Working software over comprehensive documentation;
– Customer collaboration over contract negotiation;
– Responding to change over following a plan.

Agile methodologies do not totally ignore processes and tools,
documentation, contract negotiation and planning, but they
assume that the software, especially the working code, should be
the focus of development. Thus, agile methodologies consider that
individuals and interactions, working software, customer collabo-
ration and responding quickly to changes are concepts of greater
value [3]. With an approach that prioritizes real knowledge about
system functionality, agile methodologies directly stimulate
software production, seek constant improvements as they have
short iterations, and see to it that team members exchange their
knowledge and experience. Boehm [10] lists various agile method-
ologies available for use in software development projects, such as
Adaptive Software Development (ASD) [11], Crystal [12], the Dynamic
Systems Development Method (DSDM) [13], eXtreme Programming
(XP) [4], Feature Driven Development (FDD) [14], Lean Software
Development [15] and Scrum [5].
2.3. Summary of previous reviews

Dybå and Dingsøyr [16] present a systematic review of agile
software development including qualitative and quantitative
empirical studies published up to 2005. In this review, they cite
three reports, which describe the then state of the art and state
of practice in terms of features of various agile methodologies in
the industry, namely: Abrahamsson et al. [17]; Cohen, Lindvall
and Costa [18]; and Erickson, Lyytinen and Siau [19].

Another systematic review, conducted by Hasnain [7] set out to
identify the type of research done on agile methodologies in stud-
ies published in the proceedings of Agile Conferences from 2003 to
2007. The review focused on the context of the paper (professional
or academic), type of study (experience or empirical), the kind of
agile methodology, and the factors (human or technical). CMMI
was cited as one of the factors discussed in these papers.

Staples and Niazi [20] conducted a systematic review on why
organizations adopt approaches to Software Process Improvement
(SPI) based on CMM and how these motivations relate to the size of
an organization. The results pointed to issues such as software
quality, development time, development cost, and productivity.
Reasons related to Product and Performance are given more
prominence than those related to Process, Customer and People.

Sulayman and Mendes [21] identify the occurrence of SPI mod-
els and techniques used by small and medium web companies.
Their paper emphasized that SPI models use an interactive
approach influenced by CMM/CMMI. Unterkalmsteiner et al. [22]
present a systematic review that sought to identify and character-
ize assessment strategies and measures used to assess the impact
of different initiatives in SPI.

A quasi-systematic review (involving only automatic searches)
was developed by Magdaleno, Werner and Araujo [23]. It set out
to characterize reconciliation among plan-driven, agile, and free/
open source software development models. The paper suggests,
as opportunities for reconciliation, the following factors: collabora-
tion; code availability; cost reduction; and quality improvement.
The challenges they list are: organizational culture; number of arti-
facts; knowledge management; organizational structure; system of
recognition and individual reward; communication; decision mak-
ing; quality assurance; requirements; planning work; monitoring
work in progress; customer relationships; maintenance of certified
processes. Studies using XP and Scrum allied to CMMI and ISO
were included.

With a view to finding a systematic review specifically on CMMI
and agile, that had already been undertaken, an automatic search
was performed in September 2011 in the following electronic dat-
abases: IEEE, ACM, Scopus, Compendex, ISI, Science Direct, Wiley, and
SpringerLink. The search used the following terms: CMMI, Capability
Maturity Model or CMM; and agile, agility, Scrum, Extreme Program-
ming, XP, Dynamic System Development, DSDM, Crystal Clear, Crystal
Orange, Crystal Red, Crystal Blue, Feature Driven Development, FDD,
Lean Software Development, Adaptive Software Development, ASD,
Test Driven Development or TDD; and systematic review, systematic
literature review or SLR. Altogether, the search returned 471 indi-
vidual studies, after which a check was made on each title and
abstract. The outcome was that no published systematic review
of CMMI and agile development was found. This reinforces the
importance of the review undertaken in this paper. Thus, this paper
offers as a contribution, in relation to previous reviews, a discus-
sion that helps organizations and researchers in the definition of
software development processes that obtain the benefits of both
the maturity and agility approaches together.



Table 1
Search terms.

Keywords Synonyms or related words

CMMI Capability Maturity Model, CMM
Agile Agility, lightweight, scrum, extreme programming, XP,

dynamic system development, DSDM, crystal clear, crystal
orange, crystal red, crystal blue, feature driven
development, FDD, lean software development, adaptive
software development, ASD, test driven development, TDD

Software
development

Software engineering, software production, software
project, system development, system engineering, system
production, system project, application development,
application engineering, application production, application
project
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3. Review method

According to Kitchenham and Charters [24], a systematic
review seeks to identify, evaluate and support all the relevant stud-
ies currently available for a specific research question, subject area,
or phenomenon of interest. The definition of a protocol is impor-
tant and necessary to reduce the possibility of bias in the search
because the protocol specifies the methods used to guide the sys-
tematic review. This protocol includes all elements of the analysis
proposed and some additional planning. A summary of the proto-
col used in this review is given in the sub-sections below.
3.1. Research questions

This systematic review seeks to answer the following three
research questions (RQs), based on questions used in the paper
by Dybå and Dingsøyr [16]:

RQ1. What is currently known about the benefits and limita-
tions of using CMMI in combination with agile software
development?
RQ2. What is the strength of the evidence supporting the claims
for using CMMI and agile software development?
RQ3. What are the implications of the included studies for the
software industry and the scientific community?

3.2. Data sources

The search strategy to find the studies included automatic
searches in electronic databases and a manual search in conference
proceedings and journals, to ensure that the greatest number of
studies were checked, even if this caused redundancy in the
results. Automatic searches included the most relevant indexation
mechanisms of scientific studies, and a search for PDF files on the
SEI website, as suggested by Staples and Niazi [20]. The following
electronic databases were searched:

– ACM Digital Library;
– Compendex;
– IEEE Xplore;
– ISI Web of Science;
– ScienceDirect – Elsevier;
– Scopus;
– SEI – PDF Documents (searched with Google);
– SpringerLink;
– Wiley Inter Science Journal Finder.

Furthermore, some conference proceedings and journals were
selected on which a manual search was performed. Initially, the con-
ference proceedings listed in Dybå and Dingsøyr [16] were
considered, and some important software engineering journals were
added. To this end, a search by the category ‘‘Computer Science, Soft-
ware Engineering’’ was conducted on the site of the Journal Citation
Reports, classified by the criterion ‘‘5-Year Impact Factor’’, which
gave the top five ranked. Journals clearly not about software devel-
opment, such as ACM Transactions on Graphics (best rated) and IEEE
Transactions on Dependable and Secure Computing were elimi-
nated. The Empirical Software Engineering Journal, which is the
top-ranked journal, focused on empirical data, and the Agile Journal,
which according to Racheva et al. [25] is the most popular site of
online publication focused on professionals in the agile community,
were included. Thus, the list of conference proceedings and journals
considered for the manual search consisted of:

– Conference Proceedings of: XP Conference (XP); Agile Develop-
ment Conference (AGILE); International Symposium on Empirical
Software Engineering and Measurement (ESEM); and International
Conference on Software Engineering (ICSE).

– Journals: IEEE Transactions on Software Engineering; Journal of the
ACM (JACM); ACM Transactions on Software Engineering and
Methodology (TOSEM); IEEE Software; Empirical Software Engi-
neering Journal; Journal of Software Process: Improvement and
Practice; and the Agile Journal.

3.3. Search terms

The search in electronic databases used keywords derived from
the research questions. We also decided to include some synonyms
or related words for composing search terms. Related words were
obtained from previous studies in the area, such as Staples and
Niazi [20] and Magdaleno et al. [23]. Table 1 presents the keywords
and their synonyms or related words that correspond to the search
terms.

The strategy used to construct the search string was:

1. Derive keywords of research questions;
2. Identify synonyms or related words for keywords;
3. Grouping synonyms and related words with the identifier ‘‘OR’’;
4. Group each set of terms with the identifier ‘‘AND’’.

Stages 1 and 2 were performed as described in Table 1. After
stages 3 and 4, the following results for the search string were
obtained:

(‘‘CMMI’’ OR ‘‘capability maturity model’’ OR ‘‘CMM’’)

AND

(‘‘agile’’ OR ‘‘agility’’ OR ‘‘lightweight’’ OR ‘‘scrum’’ OR ‘‘extreme
programming’’ OR ‘‘XP’’ OR ‘‘dynamic system development’’ OR
‘‘DSDM’’ OR ‘‘crystal clear’’ OR ‘‘crystal orange’’ OR ‘‘crystal red’’
OR ‘‘crystal blue’’ OR ‘‘feature driven development’’ OR ‘‘FDD’’ OR
‘‘lean software development’’ OR ‘‘adaptive software development’’
OR ‘‘ASD’’ OR ‘‘test driven development’’ OR ‘‘TDD’’)

AND

(‘‘software development’’ OR ‘‘software engineering’’ OR ‘‘software
production’’ OR ‘‘software project’’ OR ‘‘system development’’ OR
‘‘system engineering’’ OR ‘‘system production’’ OR ‘‘system project’’
OR ‘‘application development’’ OR ‘‘application engineering’’ OR
‘‘application production’’ OR ‘‘application project’’)
3.4. Criteria for selecting a study

Studies in the review were selected as per the inclusion and
exclusion criteria given in this sub-section.

The following inclusion criteria were considered:
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Fig. 1. Stages of study selection process.
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– Academic and industry studies are included;
– Studies that show empirical data, theoretical or experience

reports on CMMI and agile software development;
– Studies of qualitative and quantitative research;
– Only studies written in English;
– Studies published up to and including 2011.

As exclusion criteria were adopted:

– Studies not focused on CMMI and agile development;
– Studies that focus on simple techniques or practices such as

pair programming, unit testing and refactoring, applied to a
non-agile process, such as the Unified Process;

– Studies merely based on expert opinion without locating a
specific experience;

– Editorials, prefaces, summaries of articles, interviews, news,
analysis (reviews), correspondence, discussions, comments,
readers’ letters, summaries of tutorials, workshops, panels,
and poster sessions.

This review opted to include experience reports and exclude
expert opinion, when this expert opinion did not have a particular
context. Given the importance of conducting a survey that mapped
the subject of this review, we also included studies with theoretical
discussions or proposals for models and tools, which have not been
implemented in practice, but have been substantiated by the
literature.

3.5. Procedures for selecting a study

Selecting a study was conducted by following four stages in
order to obtain a set of primary studies. Each stage is shown in
Fig. 1 and described below.

– Stage 1: conduct of the automatic and manual search in order to
identify a preliminary list of studies. Duplicate studies were
discarded.

– Stage 2: identification of potentially relevant studies, based on
the analysis of title and abstract, discarding studies that are
clearly irrelevant to the search. If there was any doubt about
whether a study should be included or not, it was included for
consideration at a later stage.
– Stage 3: selected studies in previous stages were reviewed,
by reading the introduction, methodology section and
conclusion and applying the inclusion and exclusion criteria
presented in Section 3.4. If reading the above items was
not enough to make a firm decision, the study was read in
its entirety.

– Stage 4: thus, a list of primary studies was obtained and later
subjected to critical examination using the criteria set out in
Section 3.6.

3.6. Quality assessment

Quality assessment of this review followed 11 criteria estab-
lished by Dybå and Dingsøyr [16]. These criteria are listed below:

1. Is the paper based on research (or is it merely a ‘‘lessons
learned’’ report based on expert opinion)?

2. Is there a clear statement of the aims of the research?
3. Is there an adequate description of the context in which the

research was carried out?
4. Was the research design appropriate to address the aims of

the research?
5. Was the recruitment strategy appropriate to the aims of the

research?
6. Was there a control group with which to compare

treatments?
7. Was the data collected in a way that addressed the research

issue?
8. Was the data analysis sufficiently rigorous?
9. Has the relationship between researcher and participants

been considered to an adequate degree?
10. Is there a clear statement of findings?
11. Is the study of value for research or practice?

According to Dybå and Dingsøyr [16], these criteria include
three important issues, related to quality, which were considered
for this review, namely:

– Rigor: has a complete and adequate approach been applied to
key research methods in the study?

– Credibility: are the results well-presented and in a meaning-
ful way?



Table 2
Automatic search results.

Electronic database Result

IEEE 1042
SpringerLink 810
Scopus 675
Science Direct 314
ACM 309
SEI 306
Wiley 245
Compendex 72
ISI 9

Total 3782

Table 3
Manual search results.

Source Result

Agile Conference 16
XP Conference 13
IEEE Software 12
ESEM 7
IEEE Transactions 4
Agile Journal 3
ICSE 3
Software Process 2
TOSEM 1
ESEJ 0
Journal of the ACM 0

Total 61
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– Relevance: how useful are the results to the software indus-
try and the scientific community?

For evaluation each of the 11 criteria was graded on a dichoto-
mous scale (‘‘yes’’ or ‘‘no’’), receiving a score of ‘‘1’’ for ‘‘yes’’ and
‘‘0’’ for ‘‘no’’.

3.7. Data extraction

Strategies used in the data extraction included a spreadsheet
editor (Microsoft Excel™). All relevant information on each study
was recorded on a spreadsheet. This information was helpful when
summarizing the data as it made it possible to map each datum
extracted with its source.

The following data were extracted from the description of the
studies:

(i) references;
(ii) type of article (journal, conference, workshop);

(iii) geographic location (country);
(iv) aim of the study;
(v) research question.

The following data were extracted on study results:

(i) type of design of the study (empirical, experience report,
theoretical);

(ii) research method (case study, experiment, action research,
survey);

(iii) methodology of the analysis (qualitative, quantitative);
(iv) research hypothesis;
(v) control group;

(vi) data collection;
(vii) sample description – subject, size, age, education,

experience;
(viii) scenario;

(ix) project domain;
(x) project duration;

(xi) agile methodology and practices;
(xii) CMM/CMMI level and process areas;

(xiii) results and conclusions;
(xiv) benefits;
(xv) limitations and challenges;

(xvi) validity;
(xvii) relevance.

3.8. Data synthesis

This synthesis aimed to group findings from the studies in order
to: identify the main concepts (organized in spreadsheet form),
conduct a comparative analysis on the characteristics of the study,
using demographic data, temporal distribution, type of agile meth-
odology and practices, and CMM/CMMI level and process areas;
seek answers to the research questions. Other information was
synthesized when necessary. The meta-ethnography method, pre-
sented by Noblit and Hare [26], was found to be of help in the pro-
cess of data synthesis.

3.9. Conducting the review

The review started with an automatic search and this was fol-
lowed by a manual search, during which potentially relevant stud-
ies were identified, and inclusion/exclusion criteria were applied. A
detailed description of each stage is given below. The search pro-
cess, from testing to the final search lasted from November 2011
to March 2012, and included using the search strings previously
defined in the search engines and conducting the separate manual
search.

3.9.1. Automatic search
The first tests using automatic search began in November 2011.

In some engines, the search string had to be adapted, without los-
ing its primary meaning and scope. After performing the search,
the results were tabulated on a spreadsheet so as to facilitate the
subsequent phase of identifying potentially relevant studies. In
March 2012, a final search was performed in the mechanisms with
a view to including studies published in 2011. Table 2 presents the
results obtained from each electronic database used in the search,
which gave an overall total of 3782 results.

3.9.2. Manual search
The separate manual search was conducted in January and Feb-

ruary 2012 by analyzing the titles and abstracts (if necessary) of
studies published in conference proceedings and journals. Those
considered potentially relevant were tabulated on an Excel spread-
sheet. Table 3 presents the results for each source, an overall total
of 61 results.

3.9.3. Potentially relevant studies
Results obtained from the automatic search and manual search

were included on a single spreadsheet: an overall total of 3843
results, namely 3782 from the automated search plus 61 from
the separate manual search. The studies were sorted by title in
order to eliminate redundancies. Studies for which the title,
author(s), year and abstract were identical were considered redun-
dant. After removing redundant items, we were left with 3193
results.

The titles and abstracts of studies, resulting from the automatic
search, were read to identify potentially relevant studies. Some
studies were from medical or chemistry area, because these areas
also use the acronym CMM. Many studies only cited terms related
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to agile and CMMI, but not discussed them together. These studies
were discarded. At the end of this stage, we obtained a total of 438
potentially relevant studies, which were considered in the next
phase of the review: the application of inclusion and exclusion
criteria.

During data extraction, the bibliographical references of the
studies included were checked to ensure greater coverage. The
scan identified an additional of seven potentially relevant studies,
not identified in the previous searches. Thus, the grand total of
potentially relevant studies was 445 studies.
3.9.4. Study inclusion and exclusion
In this stage, we analyzed the introduction, methodology, con-

clusion, and in case of doubt, the other sections of each study.
One researcher reviewed all the studies identified as potentially
relevant, which gave rise to a total of 81 studies being used for
our systematic review. Subsequently, the list of excluded studies,
with their title, abstract, author(s), year and link to complete text,
was sent to a specialist in the area to check out whether some rel-
evant work was deleted.

Access to the majority of potentially relevant studies was
gained via the Federal University of Pernambuco portal of journals.
Others, not available via the portal, were obtained by e-mail
request to the author(s), most of whom responded promptly and
expressed interest in our research study. One article had to be pur-
chased by researchers.

Only three studies indicated as potentially relevant were not
found for a full reading in order to apply the inclusion and exclu-
sion criteria. For these studies, we adopted the following
procedure:

1. We read the abstract, keywords, references and other infor-
mation on the site to which the search engine referred.

2. We checked whether the references cited by the study
included articles that might be relevant for our research
purposes.

3. We checked whether or not the same authors or at least
with one of the authors, in the case of co-authorship, had
published any other potentially relevant articles.

4. We checked how often the study had been cited by other
studies (verifiable via the search engine), especially for
studies included or listed as potentially relevant.

After analyzing this information, it was deduced that none of
these studies focused on the use of CMMI together with agile meth-
odologies, and they were therefore excluded from the process.

In general, we excluded studies that compare results obtained
from using CMMI to results from using agile methodologies, given
that such papers are beyond the scope of this research, which
investigates the use of CMMI and agile methodologies together.
Studies published in 2012 or after were not included, but it is
emphasized that among the results, obtained for this more recent
period, at least the study of McMahon [27] includes contributions
that fit within this research.

Five of the seven potentially relevant studies which were iden-
tified after reviewing the references of the 76 studies initially
included, arising from the automatic and manual searches, were
included. This reinforces the importance of the technique of
reviewing the references given in papers initially identified with
a view to finding other relevant studies.
Fig. 2. Score for quality criteria evaluated.
4. Results

We identified 81 studies about the joint use of CMMI and agile
methodologies, which are listed in Appendix A. Of these, 23 studies
(28%) are considered empirical, 38 (47%) are experience reports
and 20 (25%) are theoretical. This section discusses the (empirical
and non-empirical) studies included. They present different
approaches to the topic of this review; apply different research
methods; were developed in different environments; and range
from projects developed in large, medium and small enterprises
to those arising from academic experiences. Appendix B lists an
overview of the studies included. Data relating to the domain
description in which each study was developed indicate that many
refer to the financial, telecommunications, government or military,
aerospace and aviation, and automotive areas, and complex and
critical systems. However, areas related to small and medium
enterprises, web development and even game development have
also become interested in software process improvement with
CMMI and agile methodologies.

The methodological quality, research methods applied, aims
and general characteristics of the studies, such as publication data,
CMMI levels and areas, and the agile methodologies and practices
adopted, are described in the following sub-sections.
4.1. Methodological quality

Quality assessment used the criteria suggested in Dybå and
Dingsøyr [16], as defined in Section 3.6. Although empirical and
non-empirical studies are included, non-empirical studies are
rarely evaluated positively in criteria 4, 5, 6 and 9, which corre-
spond to the research design, sampling, control group and reflexiv-
ity. The 81 studies included were listed on a spreadsheet. Each
study was thoroughly read and each of the eleven criteria evalu-
ated. The results of quality assessment of the studies included
are presented in Appendix C, where ‘‘1’’ means ‘‘yes’’ (or OK) to
the criterion, while ‘‘0’’ indicates ‘‘no’’ (or not OK). Fig. 2 shows
the score result for each quality criterion evaluated.

With regard to the inclusion of empirical studies, theoretical
studies and experience reports, not all studies were scored with
OK on the first criterion for the type of research. Altogether 23
studies (28%) were based on empirical research, while 58 (72%)
are theoretical studies or experience reports from industry or aca-
demia. As to the second criterion of evaluation, 30 studies did not
state a clear research aim, of which one was an empirical study,
and the others were experience reports or theoretical studies.
Twenty-six studies did not describe clearly the context in which
the research was conducted. As measured against the third crite-
rion, none of them are empirical.

The fourth criterion sought to assess whether the research
design proved suitable for the defined aims. On this criterion, only
10 studies were evaluated positively. However, we emphasize that
this criterion is applied only to empirical studies and that the only
studies that received an OK were those studies which spell out in
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the text a rationale for the choice of research method, which there-
fore restricted these results. On the fifth criterion, also applied to
empirical studies, only nine studies were considered to have had
a recruitment strategy appropriate to the aims set for the research.
Eleven empirical studies include one or more control groups, for
comparison purposes, as judged against the sixth criterion.

It was considered that 21 studies adequately described the pro-
cedures for data collection, as assessed on the seventh criterion. Of
these, only three studies are non-empirical (2 experience reports
and 1 theoretical). As to the eighth criterion, 16 studies adequately
described the procedures for data analysis, there being only one
experience report. The possibility of bias having been introduced
by the researchers, as well as the strategies adopted to avoid it,
was mentioned only in six empirical studies, based on the ninth
criterion.

With regard to the tenth assessment criterion, it was considered
that 27 studies, of which one is an empirical study and the others
non-empirical, did not give a clear description of their findings. In
18 of the non-empirical studies, it was not possible to identify the
value of the study to research or practice, as required by the last
criterion.

Only two studies obtained the maximum total score in the qual-
ity evaluation. Four empirical studies had only one negative
response. Six empirical studies had two or three negative
responses, while 11 studies, one of which was non-empirical, had
four or five negative responses. The remaining 58 studies had six
or more negative responses. Among the non-empirical studies,
the fewest number of negative responses was five, and this was
obtained by only one study. Other non-empirical studies had seven
or more negative responses. The highest number of negative
responses for empirical studies was six (one study), while all the
responses for seven non-empirical studies were negative.

4.2. Research methods of the studies

For identification of the research method or type of study, the
classification presented by Dybå and Dingsøyr [16] for empirical
studies was considered. They classified empirical studies as exper-
iment, survey, case study (single-case and multi-case) and action
research. The article type or genre of articles described by Montesi
and Lago [28] was also considered mainly for non-empirical stud-
ies, but with some observations. From them, we consider experi-
ence reports and theoretical studies. However, as survey, we
consider studies that applied some kind of opinion research with
participants answering questionnaires or interviews and, thus,
these studies were considered as empirical studies, according to
[16]. Literature surveys were considered as theoretical papers, as
described below. Short papers and opinion papers were not
included.

The number of studies included by research method is shown in
Fig. 3. Altogether, there were 38 experience reports, 20 theoretical
studies, 9 case studies (single-case), 6 case studies (multi-case), 6
surveys, 1 action research and 1 study with various methods
(mixed). The total of empirical research studies (23) was smaller
than that of non-empirical studies (58). This highlights the impor-
tance of conducting empirical studies with the aim of increasing
evidence of the effects of using CMMI and agile methodologies
jointly based on the findings of such studies. Appendix B details
the method used for each study.

Of the 38 experience reports, only one study [s37] was con-
ducted with students as subject. The others involved industry-
based professionals and experiences of which six dealt with the
responses of an experienced team.

The 20 theoretical studies refer to work with a bibliographic
basis, which presented proposals not yet implemented and there-
fore which have not been evaluated in practice. They represent
early-stage research, with preliminary assessments, or are in pro-
cess of development, and were included in order to provide a
broader view of what has been discussed in relation to the subject
of this review, although they do not present more concrete evi-
dence about their considerations. Purely bibliographical or second-
ary and tertiary studies (systematic literature reviews) which did
not put forward proposals were excluded.

All surveys were conducted with professionals. One study [s65]
highlighted the case of experienced professionals.

The single-cases involved industry professionals, three of which
emphasized that the professionals were experienced. The multi-
cases were also conducted with professionals, with two studies
being about experienced teams.

One study [s14] that used action research as a method was
developed with professionals. One study [s39] brought together a
multi-case method and action research, which was considered a
mixed study. The participants were students and professionals,
both groups being experienced in agile software development
projects.

4.3. Aim of the studies

The studies included are related to each other in various ways,
either because they address (a) common issues related to the var-
ious stages of software development (management, requirements,
development, deployment, and other), (b) the same agile practices
or CMMI process areas, or (c) different organizational aspects
(adoption, human factors, perspectives, comparisons, and other).
Studies related to various stages of software development were
found, ranging from characterizing the process, its actual develop-
ment, to maintenance; from configuration management support to
database system support; from small and medium-sized enter-
prises to large corporations; from companies that develop small
systems and web systems to complex systems of high precision
and reliability; and from companies that develop products for their
own use or for sale in the market, to companies acting as subcon-
tractors in the production of software or operating in global soft-
ware development.

Some studies also establish a linear complementarity relation
for reporting different aspects of the same research or experience.
As an example, study [s24], which focuses on the process of obtain-
ing CMM Level 2 using agile methodologies, is complemented with
a study [s15], which focuses on the development process consider-
ing an environment of high volatility, and [s1], which describes the
experience of constituting a team of agile software development
over seven years, combining CMM and agile methodologies. Stud-
ies [s40,s46,s54,s55,s78] complement each other because they
report, in the context of a large organization, an experience of
using CMMI with agile methodologies, starting with Scrum
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Fig. 6. Published studies by year.

Fig. 7. CMM/CMMI Levels addressed in the studies.

28 F. Selleri Silva et al. / Information and Software Technology 58 (2015) 20–43
[s55,s46], through Lean [s54,s78], and ending with the inclusion of
feature-driven practices in [s40]. Other studies that are comple-
mentary are: [s5,s14], which propose and implement, respectively,
a method for assessing software process improvement for small
and medium enterprises; [s8,s9], which discuss and evaluate
CMMI components with respect to their support for agile method-
ologies; [s33,s34], which report on and expand to other levels the
experience of implementing CMMI and agile in a large organization
in the energy sector. For repetitive studies or studies, the results of
which were included in their entirety in another study, only the
latest study or the most complete study was considered, depend-
ing on the situation.

In the context of this review, an analysis was made of how the
studies are related to each other based on their aim, a methodology
which was also adopted by Dybå and Dingsøyr [16] and is very
common in the literature. Based on their objectives, studies can
be associated with four major groups: (1) fifty-two studies
describe experiences of using CMMI and agile methodologies effec-
tively in industry or academia; (2) twenty-nine studies propose
models, frameworks, tools or theoretical discussions (approaches)
on the topic; (3) twenty studies analyze the compatibility between
CMMI and agile, and map CMMI process areas with agile practices;
and (4) five studies focus on models for evaluation in CMMI, con-
sidering agile practices. Some studies were placed in more than
one group, according to their aims. Motivations for adopting CMMI
and agile together were given such as: improving the software pro-
cess [s2,s24]; meeting business goals [s68]; not only having the
seal of level rating [s2,s24,s68]; market recognition [s1]; getting
new contracts, especially in the government sector [s16] and in
outsourcing [s2]; strengthening of project management [s73];
reducing costs on extra hours and rework [s70]; maintaining the
level of quality assurance [s66]. To avoid extending this paper,
details about the studies that make up each group will not be given
here.

4.4. General characteristics

Fig. 4 gives an overview of the studies by publication channel.
Agile Conference had the largest number of studies (12 in total).
Other conferences such as the International Conference on Product
Focused Software Process Improvement (PROFES), XP/Agile Universe,
the International Conference on Agile Software Development: XP
and the International Conference on Software Engineering (ICSE)
had at least two studies. The journals CrossTalk The Journal of
Defense Software Engineering and IEEE Software had respectively
six and three studies. Fifty-eight studies (72%) were published in
conferences, while twenty-one (26%) were published in journals
and two (2%) published in books belonging to the Springer series.
It is interesting that many studies (23%) came from proceedings
of conferences about agile development. This could signal that
the agile community sees these two approaches (CMMI and agile)
as complementary to each other not as opposites. Appendix D has
the full distribution of studies by publication channel and type.

The studies came from various countries. Fig. 5 shows the distri-
bution of the studies by country. The country of origin of the study
was considered to be the author’s institution, and the country in
which the research was conducted. Most studies were conducted
in the country of origin of the author’s institution. However, eight
studies involved projects in more than one country. Twenty-three
studies (28%), the largest number, were conducted in the United
States (USA), probably because it was the cradle of both
approaches. There were six studies (7%) in Finland, five studies
(6%) in Netherlands and Sweden, and four studies (5%) in Brazil.



Fig. 8. CMM/CMMI process areas most cited in the studies.

Fig. 9. Agile methodologies most cited in the studies. * ‘‘General’’ refers to studies
about agile practices, which do not define a specific methodology. ** ‘‘Other’’ refers
to company internal agile methodology.
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Only one study was conducted in 15 countries, namely, Germany;
Saudi Arabia; Bulgaria; Canada; Singapore; Chile; China; Colombia;
Korea; Croatia; Denmark; Estonia; Philippines; Ireland; and
Pakistan. Studies involving more than one country were carried
out in: Denmark and the USA (3 studies); Denmark, Finland, USA
and the United Kingdom (1); England and Germany (1); Ireland
and Finland (1); Jordan and the United Arab Emirates (1); Sweden,
Northern America, North-Eastern Europe and Eastern Europe (1).

Regarding the year of publication of the studies, no studies were
found on CMM/CMMI and agile methodologies before 1998, the
first year in which one study was published. Then there was a jump
to 2001 and onwards before other studies were published. Fig. 6
shows the number of studies published in each year.

Note that, in general, the trend was for the number of published
studies to increase. However, the number of published studies fell
in 2004 and did not recover in 2005 and there was a sharp fall in
2010 followed by a recovery to the 2009 total in 2011. A cause
for variations in the number of published studies was not identi-
fied. A CMMI report [2] recorded that the number of CMMI apprais-
als also decreased in 2010, in relation to earlier years. 2010 saw the
release of a new version of CMMI, but at first it was not possible to
establish a relationship between this and the decrease in the num-
ber of studies published in that year. 2009 was the year that most
studies on the subject were published.
4.5. CMM/CMMI levels and process area

Although the term CMMI has been used in the general scope in
this review, data on CMM and CMMI levels were treated sepa-
rately, according to the version referenced in the studies. Most of
them referred to CMMI Level 2, which was cited in 20 studies, as
can be seen in Fig. 7. Next, quoted in 16 studies, is CMMI Level 3.
CMMI Level 5 tied third with CMM Level 2, both being cited in
13 studies. An interest in demonstrating that agile methodologies
are compatible with the highest level of CMMI was noted in the
studies. However, the same did not happen with CMMI Level 4,
which was cited in only 3 studies, behind CMM Level 3, which
was quoted in 5 studies. A possible cause for this could be the fact
that companies prefer to implement levels 4 and 5 together. Few
companies implement only level 4 [2], so level 5 is the most cited.
Two studies mentioned CMMI Level 1 and CMM Level 5. CMM
Level 4 was cited in only one study. Many studies referred to more
than one level of CMMI and CMM.

To complement the information presented in Fig. 7, 18 studies
referred to CMMI in general, and did not describe the levels prop-
erly. The same occurred with nine studies that referred to CMM in
general. Two studies included as an approach the People CMM ver-
sion and another study addresses SSE-CMM (the Systems Security
Engineering Capability Maturity Model). All the others focused on
SW-CMM (Software CMM) or CMMI-DEV (CMMI for Development).
The CMMI process area most cited in studies was Project
Planning (cited in 28 studies), followed by Project Monitoring
and Control (25 studies), Requirements Management (23 studies),
Configuration Management (18 studies), Measurement and Analy-
sis (17 studies) and Process and Product Quality Assurance (16
studies). Altogether, 21 CMMI process areas were cited. The areas
related to planning, monitoring and requirements management
may have been most cited because these issues are also addressed
by Scrum, and it is the agile methodology currently most used
according to [6] and one of the most cited in this review. We can
also see that the three Basic Support Process Areas (Configuration
Management, Measurement and Analysis, and Process and Product
Quality Assurance), which address fundamental support functions
for other process areas [1], were the most cited. From CMM the fol-
lowing areas were cited, with the number of studies that cited
them in brackets: Requirements Management (8); Project Tracking
and Oversight (7); Configuration Management (6); Project Plan-
ning (5); Quality Assurance (5); Project Management (3). By way
of counting, for studies that describes generally involve all areas
of a certain level of CMM/CMMI each area of the referred level
was considered. For studies that reported having used broadly all
areas of CMM/CMMI counting was considered for the category
‘‘All Areas’’. Four studies reported used all areas of CMMI, while
three studies reported used all areas of CMM. Fig. 8 summarizes
the areas cited by combining similar areas of CMM/CMMI.

4.6. Agile methodologies and practices

As to the agile methodologies applied in the studies included,
Fig. 9 shows that Extreme Programming (XP) was the most men-
tioned, being used in 25 studies. Twenty-four studies cited agility
in ‘‘General’’, i.e. applying agile practices, without defining a
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specific methodology. Scrum was cited in 20 studies, while eight
studies reported the use of XP and Scrum together (Scrum + XP).
Specifically agile methodology created internally in the context
of projects described in the studies, nominated as ‘‘Other’’, were
mentioned in six studies. Lean was reported in four studies, and
in combination with Scrum (Scrum + Lean) was cited in three
studies.

The following methodologies were mentioned only once in the
studies: Agile RUP, Crystal Clear, and DSDM; besides agile
combinations of Lean + Scrum + TDD, Scrum + XP + Other, and
XP + Scrum + Lean; and combinations with traditional methodolo-
gies Agile General + RUP and Scrum + PMBOK. Thirteen studies
cited two or more agile methodologies; they refer to more than
one project. Recent methodologies like Kanban [29] and others
were not cited. Although they were not included explicitly in the
search string, generic terms like agile, agility and lightweight could
have been found these methodologies. Kanban was to a certain
extent considered since it is part of the Lean Software Develop-
ment, but no study mentions it explicitly.

We attempted to pinpoint the agile practices discussed in the
studies. Fig. 10 highlights the ten most cited practices. Daily Meet-
ings or Stand-up Meetings present in XP and Scrum methodologies
were the most cited agile practice, appearing in 26 studies, fol-
lowed by Testing or Test Driven Development, cited in 23 studies,
and Continuous Integration, cited in 21 studies. Practices coming
from XP such as On Site Customer (cited in 20 studies), Pair Pro-
gramming (19), User Stories (19) and Iteration Development (18)
also appear among the ten most cited practices. Besides these,
the other classical practices of XP were identified as the Planning
Game (cited in 13 studies), Small Releases (11), Collective Owner-
ship (11), Refactoring (11), Simple Design (10), Coding Standards
(10), 40-h Week/Sustainable Pace (8), and Metaphor (6). At least,
five studies reported having used all XP practices.

The following practices specific to Scrum were identified, for
which the respective number of studies that cited them is given
in brackets: Product Backlog (18); Retrospective (15); Sprint
Review Meeting (14); Sprint Development (11); Sprint Planning
Meeting (11); Burndown Charts (7); Sprint Backlog (6); and
Removal of Impediments (6). Two studies reported having used
all Scrum practices.

Agile practices in general were identified such as: Tasks (cited
in 7 studies); Estimative (7); Continuous Measurement/Monitoring
(6); Self Manageable Team (5); Incremental Delivery (5); and
Intensive Communication (3). Five studies reported having used
agile practices in general, although they do not specify which ones.
Agile practices related to other methodologies such as Lean
(Remove Waste), FDD (Domain Object Modeling, Inspections, Fea-
ture Teams and Progress Reporting) and Crystal (Staging, Revision
and Control, Methodology Tuning Technique and Information
Radiators) were cited in at least one of the studies included. In
ten studies it was not possible to identify agile practices used.
5. Discussion

To establish a discussion that seeks to answer the research
questions defined for this review, both type of studies (empirical
and non-empirical) are considered. This decision is motivated by
the fact that, although experience reports do not have scientific
rigor, they can help identify benefits and limitations in the context
of CMM/CMMI and agile methodologies (Section 5.1), in order to
answer the First Research Question (RQ1) of this review. Therefore,
the reliability of the information contained in these studies is dis-
cussed (Section 5.2) in answer to the Second Research Question
(RQ2). And the implications for research and practice are set out
(Section 5.3) in response to the Third Research Question (RQ3).
Finally, Section 5.4 discusses the limitations of this review.

5.1. Benefits and limitations

The benefits and limitations of using CMMI together with agile
are discussed in the sub-sections below. In order to facilitate the
synthesis, the benefits and limitations were grouped into two main
categories: those related to the organization in general and those
associated with the development process, which were organized
into the following subcategories: process understanding or knowl-
edge; communication; management; configuration; requirements;
tests; maturity; productivity; and quality. We tried to keep the same
nomenclature that the studies included used for all the benefits
and limitations that they cited. Some limitations were originally
deemed as challenges by studies, but in this review the term lim-
itations was used generally to refer to both limitations and
challenges.

5.1.1. Organization
The benefits related to the organization reported on were: busi-

ness objectives achieved successfully [s2,s20]; organizational
growth [s1]; improvement of business performance [s25] and of
the company’s position in the market [s47]; stability in long-term
goals [s47]; and better relationships with suppliers [s13]. Improve-
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ments in the work environment of the organization are reported in
[s11,s51], and improvements added to the client with respect to
satisfaction, value and achievement for their needs in
[s40,s15,s30,s17,s55,s71]. The benefits extend to the development
team and employees, and these were deemed as providing: satis-
faction [s15,s52]; top management support [s18]; and integrated
work across teams, departments and customers [s69,s13,s8,s22].
Five studies reported organizational benefits, related to cost and
price reduction [s24,s12,s10,s5,s11].

As regards the organization, some limitations conflict with the
benefits found. Studies [s30,s13] reported that disagreements
occur in the team, introducing new members is difficult and stress
increases. Other studies [s30,s69,s12] pointed out as challenges,
related to the team, the following issues: offshoring with a central-
ized team; replacing team members; inadequate infrastructure;
team behavior; and culture of the sequential development. To
[s79,s18], resistance to change is a factor of difficulty when imple-
menting CMMI and agile methodologies. Factors such as all stake-
holders reaching a consensus [s76], promoting training for new
members [s1] and involving senior management [s24], present
challenges for deployment. The limitations on CMMI contain no
practice of or guidance on business goals [s17] and establishing
effective collaboration with the client [s80,s22,s68,s12,s1,s15] con-
flict with the benefits found. Difficulties related to performance at
the organizational level were reported in several studies
[s19,s7,s8,s9,s68,s31]. These difficulties are complementary to the
issue of which items of information are concentrated in teams on
specific projects, it being difficult to outsource this experience at
an organizational level [s25,s9,s44]. On the organizational level,
the following challenges still remain: organizational learning
[s15,s39,s11]; developing control while maintaining agility
[s73,s2,s8]; little emphasis on process, documentation, contracts
and planning [s80]. In terms of costs, [s2] pointed out that the
training costs are more than expected and [s47] that the process
of implementing CMMI was time consuming.

The disagreements among the studies do not allow strong affir-
mations to be made that reflect the views of a large majority, but
we can note that for the clients and the organization, in terms of
market gain and recognition, the adoption of CMMI and agile pro-
vided more benefits than limitations. Within the context of team
activity, but arguably less clearly so at the level of the organization
as a whole, the benefits also were present. The limitations impact
the aspect of externalizing the experience from the team to the
organization as a whole. Some cultural and social aspects also
represent challenges to be overcome in the teams and in the
organization.

5.1.2. Process understanding and communication
A better understanding of the development process, promoting its

visibility and transparency, were deemed as benefits in
[s16,s79,s4,s15]. The fact that the process became more under-
standable was highlighted, as were facilitating in-service training,
team learning, the introduction of new members, the evaluation
of new methods and tools, mentoring and conflict resolution
[s79,s13,s15,s51,s16,s30]. According to [s42,s46,s43], the use of
CMMI and agile methodologies contributes to institutionalizing
the process, defining an optimized framework and improving the
process of designing artifacts. Some other benefits discussed were:
collaboration with stakeholders [s68,s73] and the strong inclusion
of the client, with regard to identifying and improving relationship
problems [s58,s60].

On the limitations related to the process with regard to under-
standing it, the difficulty of generalizing the results was reported,
since the way that agile practices are associated with process areas
may vary according to the context/domain [s4,s65]. Difficulties
related to mapping, which provides full adjustment, and to
guidance on how to take advantage of the best agile practices
and to find resources/responsibilities for process improvement
are highlighted in [s11,s61,s76,s2]. The results vary because of
human factors and extremism [s72,s20,s80]. Support for develop-
ment in specific technical environments, such as emphasis on
hardware [s63], medical [s1] and open source software [s15],
was highlighted as a limitation. The lack of dealing with dependen-
cies was discussed as a challenge in [s15,s23].

As to understanding the process, the limitations contradict the
benefits mainly in relation to the absence of a general solution that
fits all cases. Human factors and resistance to change may lead to
limitations. Some specific technical areas and external dependen-
cies may represent challenges. However, the benefits point
towards a more viable process in order to meet the organization’s
expectations, client satisfaction and team needs.

The communication and interaction between the team, in the
context of the process, were listed as benefits by studies
[s4,s16,s63,s71], and stressed that using a common language and
interaction increased. Studies [s69,s22] reported the benefit of an
increase in feedback. Difficulties in communication were reported
in five studies [s63,s73,s69,s33,s54]. However, [s63] pointed out
that the limitation occurred with stakeholders still unfamiliar with
agile development. [s73] refers to a globally distributed project and
[s54] to a cross-functional team, situations where communication
difficulties of course arise. The training material is cited by [s33] as
a challenge related to communication. Training is a recurrent
aspect in other studies, which indicates that the organization
seeking to combine CMMI and agile must invest in training.

5.1.3. Management and configuration
Benefits related to management emphasize that the project is

monitored as a whole and daily [s46,s73], thereby enhancing
project management in situations of great dynamism [s50].
Limitations, on the other hand, highlighted issues about the role
of management, such as little attention given to reviews and
meetings [s15], little support during the early stages [s63], little
familiarity with agile practices [s69] and an excessively large view
of the risks associated with adopting agility [s81]. This indicates
that CMMI plus agile requires the project manager to engage fully
with and to be open to agile practices. Others challenges were: not
providing visibility to management nonconformities [s24]; lack of
integrated project [s23]; need to manage artifacts other than code
[s34]; and difficulties with the management components interface
[s68].

For configuration, as a benefit, the overheads incurred on config-
uration management are reduced [s15]. There were no limitations
associated with this subcategory. However, the CM process area
was one of the areas deemed to have little coverage
[s73,s77,s30,s24].

5.1.4. Requirements and tests
Several benefits, described in [s18,s36,s60,s63,s69,s77,s22],

indicated improvements in aspects of requirements, such as
elicitation and specification, change management, change in
priorities, identification of stakeholders, managing client demands,
documentation and evaluation. Limitations associated with
requirements pointed out the difficulty in managing these [s16],
and difficulties in: dealing with their histories and estimates/
management [s16,s69], generating the traceability matrix [s45],
managing change [s79], performing analysis [s79], documenting
requirements/changes [s32,s69] and dealing better with secure
software requirements [s57]. Some limitations conflict with the
benefits, in one sense, the agile manner in dealing with require-
ments lead to improvement, but the lack of knowledge about some
agile particularities, such as user stories and estimates, could lead
to limitations.
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In tests, [s63] describes improvement in unit tests as a benefit.
According to [s21], there was difficulty with the agile practice of
building tests first. Nor did the creation of constant testing have a
positive performance in [s63]. For [s21], it is necessary to increase
the number of automated tests. The lack of documentation of tests
was reported in [s76]. Test-first could represent a difficulty, as
pointed out in other studies, which deal only with agile methodol-
ogies [16], and when combining agile with CMMI the difficulties
remain. However, when agile brings testers and clients closer
together with the development team, in order to perform tests, this
generates improvements in the process.

5.1.5. Maturity
The very progress in process maturity and achievement of level

rating in the Standard CMMI Appraisal Method for Process
Improvement (SCAMPI), such as level 2, or better performance in
specific process areas, were cited as benefits by [s2,s3,s34,s13].
Associated with maturity, an increase in the flexibility and adapt-
ability of the process [s18,s55] and process weight reduction
[s64] were also indicated. Some studies indicated benefits from
process improvement [s34,s52,s17,s28], the results from this
[s21], choosing the optimal process in accordance with the project
[s26] and evaluating this [s37]. Improvements related to planning
[s63], response to changes [s58], task prioritization [s8], the accu-
racy of estimates [s79], predictability of activities [s43], consoli-
dated progress [s43], measurements [s46], using a systematic
and quantitative approach [s16] and real performance data [s22]
are pointed out. For [s56,s31], the focus on the best software prac-
tices is maintained.

However, the category maturity, related to CMMI level rating,
had most associated limitations. The appraiser’s dependence with
respect to his/her understanding of agile methodologies was
highlighted in two studies [s4,s3]. The need for additional practice
was mentioned by four studies [s11,s29,s81,s50]. The need
for practices of other methodologies (e.g. RUP and XP) to comple-
ment Scrum was pointed in [s23,s61]. Seven studies
[s62,s30,s19,s71,s47,s11,s13] reported conflicts at higher levels
(levels 4 and 5), while studies [s77,s7,s29,s8] reported little cover-
age of process areas: REQM; MA; PPQA; CM; SAM; RM; DAR; OPF;
QPM; ISM; CAR; PMC. The areas PPQA, RSKM and CM also were
quoted in [s42,s23,s24], respectively. The SAM area was most men-
tioned (3 studies), followed by PPQA and REQM (or RM), cited by 2
studies. Other studies [s10,s23,s8] pointed out limitations of the
coverage of process areas, product acquisition and management
process. [s5] warns that if one process area is omitted, this could
imply that the company cannot claim maturity level 2, for example.

For [s11,s80], there is a difficulty in adopting values and prac-
tices of agile methodologies. Limitations related to measurement
and quantitative metrics were highlighted by [s15,s18,s22,s43].
Making estimates was seen as a problem by [s63,s25,s23,s26]. Lim-
itations associated with documentation were identified by several
studies [s12,s63,s18,s31]. They were concentrated mostly in the
category of maturity, but some limitations were classified in other
categories such as requirements [s32] and testing [s76], indicating
that limitations related to documentation permeate the develop-
ment process in its various stages. In this aspect, data management
[s45], availability in electronic format [s1], support of automated
tools [s50,s62], absence of a historical basis [s23], lack of planning
and control of data [s23] and the effort to generate evidence [s61]
were also identified as limitations. The question of producing doc-
umentary evidence is taken up by [s6,s79,s34,s53,s80]. For
[s75,s60], the limitation is to maintain agile practices during the
project, mainly in response to unpredictable changes. Agile prac-
tices are criticized in [s30,s43,s38,s9] due to the lack of engineering
aspects. Divergences in practices such as refactoring and retrospec-
tives, lack of global vision, lack of learning techniques, restricted
domain and difficulty of establishing a software engineering pro-
cess group (SEPG), complement the limitations associated with
maturity [s38,s39,s58,s47].

With regard to process maturity, while benefits indicate that
agile empowers aspects such as flexibility, process improvement,
response to change, that is helpful for level rating, the limitations
lead to aspects such as measurement and documentation, that
reinforce the sense that agile on its own is not enough to obtain
all CMMI levels.

5.1.6. Productivity and quality
Productivity was a prominent factor in several benefits identi-

fied. According to [s11,s65,s74,s10], there was an increase in pro-
ductivity and performance. For [s54], productivity doubled, while
[s55] had the milestones delivered on or before the deadline. The
release time, rework, effort and interruptions decreased, according
to [s18,s55,s11,s43]. Only two studies reported challenges related
to productivity. One reported the feeling of having more work
[s18] and the other the need to improve the ability to deliver to
the market with greater frequency [s52]. Thus, a positive aspect
of combining CMMI and agile is that overall productivity is
improved as evidenced by the larger number of benefits that were
reported in the studies.

Benefits related to quality highlighted the ease with which
defects and deviations were identified, corrected and reduced
[s15,s55,s20,s11,s18,s8]. Management and reduction of risk were
listed in [s46,s69]. Other benefits focused on analyzing the
improvement of quality [s55,s46,s13,s14,s47,s51]. Limitations
associated with the quality approach showed: lack of focus on SPI
[s22]; absence of support for quality assurance [s24]; difficulty in
meeting audit requirements [s81]; weakness in dealing with the
PPQA area [s42]; difficulties in the relationship between the qual-
ity team and the agile team [s76]; the need for a group of quality
assurance [s24]; achieving a balance between quality guidelines
and reliability goals [s52]; and in adopting Lean [s41]. As regards
to risk, limitations indicate little risk management service
[s8,s23,s24,s46]. The need to support secure software development
was identified [s57]. Despite the limitations, some studies
[s2,s4,s15,s24,s47,s56,s78] discuss how quality assurance could
be conducted in environments with XP or Scrum, and that these
are very helpful to overcome these difficulties.

5.2. Strength of evidence

To define the strength of evidence Dybå and Dingsøyr [16] used
the GRADE (Grading of Recommendations Assessment, Develop-
ment and Evaluation) system, which classifies the strength of evi-
dence as high, moderate, low and very low, based on evaluating four
elements: study design; quality of the study; consistency; and objec-
tivity [30].

Regarding the design of studies, the biggest factor in reducing
the strength of evidence is the absence of empirical data, clearly
detected in experience reports and in theoretical studies. Among
the empirical studies, most are observational studies (case studies
and action research), which have a low rating, according to the
GRADE system, while the evidence from experience reports has
very low ratings.

As to quality, the following issues imply a negative effect on the
strength of evidence: the absence of assessment of proposals;
superficial approaches, with no details about the corresponding
areas of CMMI and agile practices; informal methods of data collec-
tion; no presentation of how the data were collected or details
about the sample; very short studies, resembling posters and
expert opinion. On the other hand, the limitations of research were
addressed in 11 studies. This discussion contributes to increasing
the strength of evidence, since it allows scaling challenges for
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future research. The following limitations were cited: not present-
ing improvements after the method was implemented [s14]; not
detailing the merger between CMMI OPF and agile practices
[s28]; study author involved in the development team [s39]; fail-
ure to provide concrete data on CMMI [s39]; results based only
on one software project [s44]; small number of business respon-
dents in the sample [s48]; study based only on quantitative data
[s59]; the use of a single-case study [s59]; conclusions based on
observations and informal discussions [s62]; limited amount of
data collected and related to small organizations [s72]; limited
number of team members involved in the research [s75]; con-
text-specific results [s79]. One factor that reduced the limitations
of [s75] was using actual documentation of the project as a source
of information. The collection of data in just one organization was
also reported as a limitation in [s60].

The quality issue was the subject of further analysis in
Section 4.1. According to this assessment, the overall rating of
the quality of the studies was very low to low, when considering
the quality assessment on the following scale: 0–2 criteria, very
low; 3–5 criteria, low; 6–8 criteria, moderate; 9–11 criteria, high.
In the case of experience reports (38 studies) the quality was very
low to low, but consideration must be given to the fact that the
experience reports were produced mostly by professionals work-
ing in the industry, whose perceptions stem from everyday experi-
ence and collaborate with the strength of the information
highlighted. In theoretical studies (20 studies) the quality assess-
ment was very low to low. However, the quality of the empirical
studies (23 studies) was moderate to high.

The disagreements between the benefits and limitations identi-
fied in aspects such as team satisfaction, requirements and other,
reflect negatively on the consistency of the studies. However, in
other categories the benefits show different aspects from limita-
tions, and this contribute to increasing consistency.

With regard to objectivity, three studies were considered as not
directly related to CMMI and agile methodologies or having a
rather superficial approach. DSDM methodology is mentioned in
one study, but it does not give details of the practices and areas.
Some studies focus more on agile practices, and do not address
CMMI areas. Other studies focus primarily on other approaches,
e.g.: ISO; Global Development; PMBOK; RUP; and Lean. Two
studies do not clearly explain agile methodologies.

In this review, it is possible that the GRADE system is not ade-
quate, especially because the review included experience reports
and theoretical studies. However, according to elements provided
in GRADE (design, quality, consistency and objectivity), discussed
above, it is considered that the strength of evidence found is low,
indicating that further research is very likely to have an important
impact on confidence in the estimation of effects (results of the
application of CMMI and agile methodologies) and is likely to
change the estimate. As this is a preliminary survey on the topic,
the evidence found can serve as a starting point for insights.
5.3. Implications for research and practice

Sixty-three studies were considered to have value for research
or practice, as per the quality assessment in Section 4.1. Among
them: thirty studies were considered to have a direct implication
for research, nine of which were empirical studies (5 surveys, 2 sin-
gle-case studies and 2 multi-case studies), five were experience
reports and sixteen theoretical studies; twenty-four studies were
considered to be applicable in practice, of which five were empiri-
cal (4 single-case studies and 1 multi-case study) and nineteen
experience reports; and nine studies were considered relevant
for both research and practice, all of which were empirical studies
(1 action research, 3 single-case studies, 3 multi-case studies, 1
survey and 1 mixed). The value of the research was not clear for
quality assessment in eighteen studies.

This review demonstrates the scarcity of empirical studies in
the area of software process improvement, even though there are
consolidated models in the industry, such as CMMI, when it is con-
sidered that only 28% of the studies included are considered empir-
ical. Another area for future research is related to higher levels of
CMMI. The application of agile practices for rating at the highest
levels is interesting for industry. A research study using a combina-
tion of two or more agile methodologies, such as happens in
practice in some companies, would be welcome.

Some CMMI areas were taken, by studies included, with low
coverage or with difficulties in complying with agile methodolo-
gies, e.g. SAM, PPQA, MA and others. Future research can contrib-
ute by proposing solutions that add established agile practices to
meet the objectives of these areas.

The fact of strength from identified evidence being assessed as
low reinforces the importance that in future research, studies
should seek to be linked to criteria for better performance in qual-
ity assessment, especially as regards researchers clearly describing
the design of the research, selecting the sample, using a control
group, collecting data, analysis and reflexivity on possible influ-
ences on the results.

From the industry point of view, despite the need for additional
practices, among other limitations detected in specific fields, agile
methodologies helped companies attain, in a less bureaucratic
way, rating at CMMI levels 2 and 3. Registers include reports on
adopting agile practices in companies with level 5. Thus, compa-
nies and professionals interested in improving the software pro-
cess and obtaining a CMMI level rating should consider applying
agile methodologies in their contexts. The data presented in this
review, by providing an overview of research on the subject, can
be assessed by companies for the purpose of identifying similari-
ties and differences between the results reported by the studies
and their own situation.

In this scenario, the proposal of models and guidelines to guide
the application of agile values and practices for software process
improvement with CMMI also represents an opportunity for future
studies. Is important that these proposals are prepared in conjunc-
tion with professionals and companies in order to effectively meet
software industry needs.

5.4. Limitations of this review

The main limitation of this review is the possibility of bias.
However, it was supervised by other researchers whose knowledge
of the subject is broad. Two reviewers assessed each criterion in
quality assessment independently. When they disagreed about
the assessment, a third reviewer was called on to resolve the con-
flict. Disagreements about the inclusion/exclusion of a particular
study and data extraction were resolved by referring to the original
study and discussing it to establish a consensus. When necessary,
the authors of the studies were contacted for additional informa-
tion. We also seek to minimize the possibility of bias by defining
a protocol and by constantly revising the spreadsheets containing
the data at each stage of the review (study selection, quality
assessment, data extraction and synthesis).

It is possible that relevant studies were not included. However,
we have tried to minimize this possibility by having also made
manual and automatic searches in the indexation of major studies.
The formulation of the search string took into account the terms
used in previous revisions both in the SPI as in agile methodologies,
in order to make this fit the scope. Additionally, we checked the
reference lists of previously studies included to identify relevant
studies not found in searches. This technique was positive, since
7 studies were detected as potentially relevant, of which 5 were
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included. No studies published after 31 December 2011 were con-
sidered, since the searches were consolidated in 2012.

The proposal to map published studies on CMMI and agile
development, in order to carry out an overview of research on
the subject, may have contributed to the inclusion of studies that
made secondary reference to the topic, yet these focused on soft-
ware process improvement. The data from these studies, such as
benefits and limitations identified, had the same treatment with
respect to relevance as the data from studies that focused on CMMI
and agile methodologies in their essence. No distinction was made
of the relevance in the treatment of data from studies with
different performances in quality assessment. Results can suffer
variations when a critical analysis of them is made that takes into
account treating studies differently according to their quality.
6. Conclusion and future work

This systematic literature review initially identified 3193
studies, of which 445 were considered potentially relevant and
81 studies were included on the use of CMMI in combination with
agile software development. The studies included were evaluated
according to quality criteria and data and results from them were
extracted and characterized. The number of studies included and
the fact that the number of published studies is growing indicate
that discussion and research on this theme is relevant and current.
The results enabled benefits and limitations related to the use of
CMMI and agile methodologies to be identified.

Agile methodologies have been used by companies to reduce
their efforts to reach levels 2 and 3 of CMMI, there even being
reports of applying agile practices to obtain level 5. Among the
benefits, improvements in organizational aspect, greater team
and customer satisfaction, further integration, cost reduction, pro-
cess assimilation, increasing productivity and reducing defects
stand out. The feasibility of using CMMI together with the agile
development is manifested on both sides. From the CMMI, the lat-
est release of the CMMI-DEV Technical Report [1] incorporates a
set of suggestions for applying the model in environments with
agile methodologies and these suggestions were also considered
in its appraisal method (SCAMPI). Depending on the lead appraiser,
evidence of statements, for example, can replace the need for a
direct artifact. This is a breakthrough in the appraisal method
and favors the adoption of agile methodologies without the need
to create (or generate) direct and objective evidence, although it
is still subject to a relative dependence on the appraiser. On the
agile side, the large number of papers published in events on agile
development, also signals that the agile community is open to
seeking rapprochement with CMMI.

However, agile methodologies alone, according to the studies,
were not sufficient to obtain the level desired, it being necessary
to resort to additional practices. Organizations interested in com-
bining CMMI and agile development should not neglect the docu-
mentation and evidence required by the formal model of process
improvement, even if this action demands solutions not available
in the market, especially when it comes to automation, quality
assurance and metrics in line with agile values. Documentation
should demonstrate that the process is followed, document deci-
sions, and document specific activities, e.g. database [s6,s38,s44].
Organizational training and learning also poses a challenge, mainly
for organizations that have no prior knowledge about agile, while
seeking consultancy services from professionals and companies
with recognized expertise in CMMI and agile methodologies con-
tributes to this adoption occurring smoothly. The definition of a
software engineering process group (SEPG) could also help, but it
must be made up of process executors, and not be an isolated or
outside group [s17,s60].
Organizations should seek to ensure that how CMMI and agile
can be combined is understood and undertaken by those involved,
whether these be senior management, project managers, develop-
ment teams, customers or evaluators [s22,s63]. Training, process
visibility (through face-to-face communication, project web sites,
wikis, forums, guides, manual or cookbooks), and tools for
automation of complex activities or quantitative attributes, were
highlighted as success factors by studies
[s2,s18,s28,s44,s49,s56,s66,s69]. Metrics should add improve-
ments to the agile process and assist in the improvement or correc-
tion of future results of the project, it being necessary to focus
critically on the analysis, reporting and improvement actions
[s16,s20]. The combination of different agile methodologies, like
XP for operational/engineering, Scrum for management, and Lean
for tactical/strategic, seems to be a way forward [s69,s78]. The
solutions implemented in the organization should not be discon-
nected from the teams. They should emerge in the team context,
and give special attention to the values of the Agile Manifesto
(individuals and interactions, working software, customer collabo-
ration and responding to change) [3], so that the teams define the
best solution, by combining both approaches i.e. maturity and agil-
ity. As highlighted before, there is no generic solution that fits all
cases. The teams and the organization as a whole, based on their
own goals, should focus on two basic aspects: process quality
and product quality. Process quality is manifested through the sat-
isfaction of the team and the organization with the practices used
for software development, like sustainable place, self-organization
and return on investment. Product quality, for its part, manifests
itself through customer satisfaction with the achievement of the
desired (but sometimes not clearly stated) functional and
non-functional software requirements.

As a contribution in relation to the results obtained in this
review, an agile maturity model for software development organi-
zations has been defined, as per [31]. The model guides the setting
up and running of agile methodologies, based on Capability Matu-
rity Model Integration (CMMI), into the five levels of maturity.
Based on the results of this review, we are proposing as current
work a set of strategies and approaches so as to combine CMMI
and agile in some specific areas (including the most cited here),
considered strategic for many organizations, such as project man-
agement, quality assurance and, in a new field, user experience
design.

Due to the low strength of evidence, we cannot say the extent to
which combining CMMI and agile methodologies is feasible so as
to foster improvements in the software industry. This question
requires further research. A smaller number of empirical studies
(23), compared with the number of experience reports (38) found,
suggests investment in future empirical research to be developed
together with companies. We consider the software industry as a
locus in which the interaction between CMMI and agile methodol-
ogies occurs, and where its benefits and limitations emerge.
Greater in-depth analysis of specific process areas of CMMI, espe-
cially at the highest levels, and defining proposals and guidelines
to assist in combining agile practices and values in serving these
areas, will contribute to expanding benefits to the industry, this
being an open field for future research.
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Appendix B. Overview of studies included

Id Research
Method

Agile Method Team
Experience

Professional/
Student

Project
Duration

Team Size Domain, Comment

s1 Experience
Report

XP + Scrum Mature Professional – 18 Healthcare, lifestyle and
technology

s2 Experience
Report

Other – Professional – 30 Outsourcing and application
system solutions

s3 Theoretical PMBOK + Scrum NA NA NA NA Telecommunications industry
s4 Single-case XP Mature Professional 8 weeks 4 Intranet application for

managing research information
s5 Theoretical General NA NA NA NA Indigenous Irish software

organizations
s6 Experience

Report
General – Professional 6 months 72 teams Front office trading software

s7 Experience
Report

XP – Professional – – Small and mid-size enterprises

s8 Theoretical General NA NA NA NA –
s9 Experience

Report
General Mature Professional – 19

participants
–

s10 Theoretical XP NA NA NA NA Small and mid-size enterprises
from Pakistan

s11 Experience
Report

Scrum/XP Mature Professional – – –

s12 Theoretical General NA NA NA NA –
s13 Experience

Report
General – Professional – – –

s14 Action
Research

General – Professional – 8 Automotive software

s15 Experience
Report

XP + Scrum Mature Professional – 28 Internal software for Phillips

s16 Experience
Report

Other – Professional – 1–10 Work for the federal government

s17 Theoretical Lean NA NA NA NA –
s18 Single-case Lean + Scrum + TDD – Professional 35 days/40

days
7 Software related to receipt,

control and administration of
funds

s19 Theoretical XP + Scrum NA NA NA NA Software development and
system integrator – government
agency/Software development –
general industry

s20 Single-case Lean/General – Professional – – –
s21 Experience

Report
XP/General Mature Professional 4 years 100 System to support research,

development and train future
U.S. military leaders

s22 Experience
Report

XP – Professional – – Information and communication
technology

s23 Survey Scrum – Professional NA NA NA
s24 Experience

Report
XP + Scrum – Professional – 26 Ambient intelligence, storage,

networks, copy protection and
robotics

s25 Survey Scrum – Professional 6 months Average 5 –
s26 Theoretical General NA NA NA NA NA
s27 Experience

Report
Scrum Mature Professional – 12 Electronic billing

s28 Single-case General Mature Professional 1–2 years �300 Telecommunication equipment
s29 Theoretical XP NA NA NA NA Small and medium enterprises
s30 Experience

Report
Scrum – Professional 90 days 10 Financial services, insurance,

travel, transport, retail,
distribution and government
sectors

s31 Theoretical XP NA NA NA NA NA
s32 Theoretical XP NA NA NA NA NA
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Appendix B (continued)

Id Research
Method

Agile Method Team
Experience

Professional/
Student

Project
Duration

Team Size Domain, Comment

s33 Experience
Report

General – Professional 1 year 350+ Energy-related businesses and
services worldwide

s34 Experience
Report

XP/General – Professional 6 years 860 Energy-related businesses and
services worldwide

s35 Experience
Report

XP – Professional – 2–20 Build management system from
a simple version control system

s36 Experience
Report

Scrum – Professional – 5 Midsize technology services
company

s37 Experience
Report

General – Student – – Application life cycle
management (ALM) tools

s38 Experience
Report

General – Professional – 130 Aerospace ground test facilities

s39 Mixed XP/Other Mature Both 9 weeks/9
weeks/9
weeks/11
weeks/8
weeks

8.5/10/5.5/
5.2/7.1

Intranet app and mobile app

s40 Multi-case Lean/Scrum/Other Mature Professional 5 years 450+ Complex and critical IT solutions
s41 Theoretical Lean NA NA NA NA Aerospace industry
s42 Experience

Report
General – Professional 9 months 75 Information technology,

engineering and operations
services

s43 Experience
Report

Scrum/XP – Professional 9 months �12 –

s44 Single-case Scrum – Professional – 10+ Games
s45 Single-case Scrum – Professional 15 weeks 8 Test and operation environment
s46 Experience

Report
Scrum – Professional – 450+ Complex and critical IT solutions

s47 Theoretical XP NA NA NA NA –
s48 Survey Scrum/XP – Professional – – –
s49 Experience

Report
Scrum – Professional 24 months – –

s50 Experience
Report

General – Professional – – –

s51 Theoretical XP NA NA NA NA –
s52 Experience

Report
XP – Professional – – –

s53 Theoretical General NA NA NA NA Commercial off-the-shelf
s54 Experience

Report
Scrum + Lean – Professional – 500+ Complex and critical IT solutions

s55 Experience
Report

Scrum + Lean – Professional – 4/5/10/19 Large systems used in the
defense, healthcare,
manufacturing and service
industries

s56 Experience
Report

Scrum – Professional 14 months – Configuration-management and
version-control tool

s57 Theoretical XP NA NA NA NA –
s58 Theoretical XP NA NA NA NA –
s59 Single-case General – Professional – 9 Medium sized Dutch software

development organization
s60 Multi-case General – Professional – 18 projects Telecom company
s61 Theoretical Scrum NA NA NA NA Software process improvement

adaptive learning system
s62 Experience

Report
XP – Professional – 11–28/9–

23/12–19
Flyer design/Software house/
Web development and hosting

s63 Multi-case XP + Scrum/
Scrum + XP + Other

Mature Professional 2.5 years 57 Financial/Telecom/Information
security

s64 Experience
Report

Other – Professional – – Tool for process improvement

s65 Survey Agile RUP/XP/
Scrum

Mature Professional – 112
projects

Development centers

(continued on next page)
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Appendix B (continued)

Id Research
Method

Agile Method Team
Experience

Professional/
Student

Project
Duration

Team Size Domain, Comment

s66 Single-case XP Mature Professional – 4–15 Transportation and vehicle
industry

s67 Theoretical XP NA NA NA NA –
s68 Multi-case XP + Scrum – Professional – 33 Telecom, information security

and financial sectors
s69 Experience

Report
XP + Scrum + Lean – Professional 5 months/14

months
7/20 Hardware manufacturing

s70 Experience
Report

General – Professional – – –

s71 Multi-case XP/Scrum – Professional – –100/12 Integrator of IT solutions with
clients/Game

s72 Survey General – Professional 221 h./400
h./600 h.

20/15/17 Web-based portals/Software
solution providers/Software
solution providers and
consultancy

s73 Experience
Report

Scrum/Crystal Clear – Professional 6 months Average 10 –

s74 Survey DSDM – Professional 4 years 410
projects

Financial institution

s75 Single-case Scrum – Professional 10 months 4 teams Web-based software application
for a call centre

s76 Experience
Report

XP – Professional – – Large web-based projects

s77 Experience
Report

XP + Scrum – Professional – 9 –

s78 Experience
Report

Scrum + Lean – Professional 5 years 500+ Complex and critical IT solutions

s79 Multi-case General/
XP + Scrum/Scrum/
Other

– Professional – 2–5/6/�6 Embedded software
development branch

s80 Theoretical General NA NA NA NA –
s81 Experience

Report
RUP + General – Professional – – Information management

Appendix C. Quality assessment result

Study 1 2 3 4 5 6 7 8 9 10 11 Total
Research Aim Context Design Sampling Control Collection Analysis Reflexivity Findings Value

s1 0 0 0 0 0 0 0 0 0 1 0 1
s2 0 1 1 0 0 0 1 1 0 1 1 6
s3 0 1 1 0 0 0 0 0 0 0 1 3
s4 1 1 1 0 1 0 1 1 0 1 1 8
s5 0 1 1 0 0 0 0 0 0 0 1 3
s6 0 0 1 0 0 0 0 0 0 0 1 2
s7 0 0 1 0 0 0 0 0 0 1 1 3
s8 0 0 1 0 0 0 0 0 0 1 1 3
s9 0 0 1 0 0 0 0 0 0 1 1 3
s10 0 0 1 0 0 0 0 0 0 0 1 2
s11 0 0 1 0 0 0 0 0 0 1 1 3
s12 0 0 0 0 0 0 0 0 0 1 1 2
s13 0 1 1 0 0 0 0 0 0 1 1 4
s14 1 1 1 0 1 0 1 1 0 1 1 8
s15 0 0 1 0 0 0 0 0 0 1 1 3
s16 0 0 1 0 0 0 0 0 0 1 1 3
s17 0 0 0 0 0 0 0 0 0 0 1 1
s18 1 0 1 1 0 1 0 0 0 1 1 6
s19 0 1 1 0 0 0 1 0 0 0 1 4
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Appendix C (continued)

Study 1 2 3 4 5 6 7 8 9 10 11 Total
Research Aim Context Design Sampling Control Collection Analysis Reflexivity Findings Value

s20 1 1 1 1 0 0 0 0 0 1 1 6
s21 0 0 0 0 0 0 0 0 0 1 1 2
s22 0 1 1 0 0 0 0 0 0 1 1 4
s23 1 1 1 0 0 0 1 1 0 1 1 7
s24 0 0 1 0 0 0 0 0 0 0 1 2
s25 1 1 1 0 0 0 0 1 0 1 1 6
s26 0 1 0 0 0 0 0 0 0 1 1 3
s27 0 1 1 0 0 0 0 0 0 1 1 4
s28 1 1 1 1 1 1 1 1 0 1 1 10
s29 0 1 0 0 0 0 0 0 0 0 1 2
s30 0 1 1 0 0 0 0 0 0 1 1 4
s31 0 1 0 0 0 0 0 0 0 1 1 3
s32 0 1 0 0 0 0 0 0 0 0 1 2
s33 0 1 1 0 0 0 0 0 0 1 1 4
s34 0 1 1 0 0 0 0 0 0 1 1 4
s35 0 0 1 0 0 0 0 0 0 0 0 1
s36 0 0 1 0 0 0 0 0 0 0 0 1
s37 0 0 0 0 0 0 0 0 0 0 1 1
s38 0 0 0 0 0 0 0 0 0 1 1 2
s39 1 1 1 1 0 1 1 1 0 1 1 9
s40 1 1 1 0 0 0 0 1 0 1 1 6
s41 0 1 1 0 0 0 0 0 0 0 1 3
s42 0 1 1 0 0 0 0 0 0 1 0 3
s43 0 0 0 0 0 0 0 0 0 1 0 1
s44 1 1 1 0 0 0 1 0 0 0 1 5
s45 1 1 1 0 0 0 1 0 0 1 1 6
s46 0 1 1 0 0 0 0 0 0 1 1 4
s47 0 1 0 0 0 0 0 0 0 0 1 2
s48 1 1 1 1 0 1 1 1 0 1 1 9
s49 0 0 1 0 0 0 0 0 0 0 0 1
s50 0 0 0 0 0 0 0 0 0 0 0 0
s51 0 1 0 0 0 0 0 0 0 0 0 1
s52 0 0 0 0 0 0 0 0 0 1 1 2
s53 0 1 1 0 0 0 0 0 0 1 1 4
s54 0 1 1 0 0 0 0 0 0 1 0 3
s55 0 0 0 0 0 0 0 0 0 1 0 1
s56 0 1 1 0 0 0 0 0 0 0 0 2
s57 0 1 0 0 0 0 0 0 0 1 1 3
s58 0 0 0 0 0 0 0 0 0 0 0 0
s59 1 1 1 0 0 0 0 0 1 1 1 6
s60 1 1 1 1 0 1 1 1 0 1 1 9
s61 0 1 0 0 0 0 1 0 0 0 1 3
s62 0 1 1 0 0 0 0 0 0 1 1 4
s63 1 1 1 1 1 1 1 1 1 1 1 11
s64 0 0 1 0 0 0 0 0 0 1 1 3
s65 1 1 1 1 1 1 1 1 1 1 1 11
s66 1 1 1 0 0 0 1 1 0 1 1 7
s67 0 0 0 0 0 0 0 0 0 0 0 0
s68 1 1 1 1 1 1 1 1 0 1 1 10
s69 0 1 1 0 0 0 0 0 0 1 1 4
s70 0 0 0 0 0 0 0 0 0 0 0 0
s71 1 1 1 0 0 0 1 0 0 1 1 6
s72 1 1 1 0 1 1 1 1 1 1 1 10
s73 0 1 0 0 0 0 0 0 0 1 1 3
s74 1 1 1 1 1 1 1 1 0 1 1 10
s75 1 1 1 0 0 0 1 0 1 1 1 7
s76 0 0 0 0 0 0 0 0 0 0 0 0
s77 0 1 0 0 0 0 0 0 0 1 1 3
s78 0 1 1 0 0 0 0 0 0 0 0 2
s79 1 1 1 0 1 1 1 0 1 1 1 9
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Appendix C (continued)

Study 1 2 3 4 5 6 7 8 9 10 11 Total
Research Aim Context Design Sampling Control Collection Analysis Reflexivity Findings Value

s80 0 0 0 0 0 0 0 0 0 0 0 0
s81 0 0 0 0 0 0 0 0 0 0 0 0
Total 23 51 55 10 9 11 21 16 6 54 63

Appendix D. Distribution of studies by publication channel and occurrence

Publication channel Type Number

Agile Conference Conference 12
PROFES Conference 7
CrossTalk Journal 6
XP/Agile Universe Conference 4
IEEE Software Journal 3
XP 20XX Conference 3
ICSE Conference 2
ACM-SAC Conference 1
ACM-SE Conference 1
Agile Journal Journal 1
Agility Across Time and Space Book 1
APSEC Conference 1
ASEA Conference 1
CERMA Conference 1
CLEI Electronic Journal Journal 1
Computer and Information Science Book 1
CSEE&T Conference 1
Cutter IT Journal Journal 1
DASC Conference 1
DB&IS Conference 1
Dr. Dobb’s Journal Journal 1
EDUCON Conference 1
Empirical Software Engineering Journal 1
EUROCON Conference 1
EuroMicro Conference Conference 1
EuroSPI Conference 1
HICSS Conference 1
HPAGC Conference 1
IAIT Conference 1
ICCBSS Conference 1
ICCSSE Conference 1
ICENT Conference 1
ICSP Conference 1
ICTTA Conference 1
IEEE Computer Journal 1
IEEE-RE Conference 1
IET Software Journal 1
IFIP Working Conference Conference 1
IIS Conference 1
Information and Software Technology Journal 1
Innovations in Systems and Software Engineering Journal 1
ISEC Conference 1
ISESE Conference 1
Journal of Software Journal 1
Methods & Tools Journal 1
MySEC Conference 1
SEI-IRWPISS Conference 1
SERP Conference 1
Software Process: Improvement and Practice Journal 1
SPICE Conference 1
WSKS Conference 1
Total 81
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