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ABSTRACT

In the competitive global economy, increasing
customer value by improving software product
quality is the aim for organizations. Academia and
industry are collaboratively striving to find new
ways to achieve this goal. The last two decades
have seen a mind shift where emphasis is now on
improving processes to improve the quality of
products. This approach has its roots in the
realization that a better development process would
lead to a better quality product. Based on this
process improvement frameworks were created.
These frameworks enable organizations to
systematically  improve their  development
processes and strive towards the ultimate goal of
improving product quality. However, these
initiatives were not always successful. The
deriving factors that make the adoption and
implementation of such frameworks a success were
still unknown. In this regard, several primary
studies have been conducted to identify the factors
that make software process improvement initiative
successful. Researchers have been investigating
factors that affect success of Software Process
Improvement (SPI). There was still a lack of a
secondary study where systematic approach has
been used to find factors that affect the success of
SPI. In our thesis project we present results of the
systematic review to accumulate success factors for
SPI. These findings were validated by conducting
an industrial survey. With our secondary study we
have identified 31 important success factor
categories of SP1. We have contributed to the body
of knowledge by devising formal definitions for
important factors. We have also unveiled the
relationship of SPI success factors not only to
different SPI1 framework but also to software
process areas.

Keywords: Software process Improvement (SPI),
Success factors
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1 INTRODUCTION

The increasing significance of software process quality has made it the main business
objective for software industry [1]. Though software companies have been trying to align
quality goals with their business goals, yet there are some unresolved issues.

As stated by Rainer and Hall in [3], many software projects fail due to poorly designed
and managed software processes. Jacobs, in his book [1] summarized the findings of the
Standish Group research project CHAOS. The results of the CHAQS project show that the
number of failed projects in software industry has risen from 16% in 1994 to 34% in 2002.
The number of satisfied requirements has dropped from 67% in 2000 to 54% in 2002. Due to
these reasons it is important for companies to pay more attention to their processes. Software
process improvement (SPI) is an important field in the research of Software Engineering. It
helps practitioners achieve better results in terms of quality in their software projects [4]. For
the last two decades researchers have tried to find out what makes SPI initiative successful.
Therefore, they have paid a lot of attention in investigating various SPI methodologies in
general, and have looked at both success and failure factors of implementing SPI in
particular [4-10].

There have been many individual contributions to capture SPI success factors from
different perspectives described in section 2. But we believe it is essential to explore the
cumulative effect of all or the majority of those perspectives in a well-structured and pre-
defined manner. That is why we conducted a two-phased study on SPI success factors. In the
first phase, we performed a systematic literature review of SPI success factors. In the second
phase, we conducted an industrial web survey with practitioners to validate and compare our
findings from the first phase.

The chosen two-phased research method helped us to achieve the aim of the project,
which was to identify SPI success factors through systematic review and survey with
practitioners. We have also discovered the relationships in general, between SPI success
factors and SPI frameworks together with software process areas. The analysis gave us a
sorted list of the most important SPI success factors with respect to SPI frameworks and
software process areas.

1.1  Aim and objectives
The aim of the thesis project was to identify Software Process Improvement (SPI) success
factors through the systematic literature review and industrial survey with practitioners.
The following objectives were achieved to reach the specified aim:
1. To identify state-of-art of SPI success factors by conducting a systematic review
e To identify SPI success factors discussed in research.
e To identify the most important SPI success factors based on the frequency of
occurrence in published research.
e To identify the variety of definitions or explanations of the most important
SPI success factors in published research.
e To identify the relationship between the most important SPI success factors
to SPI frameworks.
e To identify the relationship between the most important SPI success factors
and software process areas that undergo improvement.
o To identify the relationship between SPI frameworks and software
process areas’ that undergo improvement with respect to their
related success factors.

2. To identify state-of-practice of SPI success factors by conducting an industrial
survey
e To identify SPI success factors discussed in the survey.



To identify the most important SPI success factors from the survey based on
the frequency of responses.
o To identify the relationship between SPI success factors and varying
SPI experience among practitioners.
To identify the relationship between the most important SPI success factors
to SPI frameworks.
o To identify the relationship between “CMM and CMMI” related SPI
success factors and CMMI model key components.
o To identify the relationship between SPI frameworks and varying
SPI1 experience among practitioners.
To identify the relationship between the most important SPI success factors
and software process areas’ that undergo improvement.
o To identify the relationship between software process areas that
undergo improvement and varying SPl experience among
practitioners.

3. To identify whether the knowledge of the most important SPI success factors in
research differs from the industry knowledge.

To identify whether the relationship between most important SPI success
factors and SPI frameworks found in systematic review differs from
industrial perspective.

To identify whether the relationship between most important SPI success
factors and software process areas found in systematic review differs from

industrial perspective.

1.2  Research questions

In Table 1 we have presented the research questions that have to be answered during our
thesis project. Research questions are also given with respect to objectives they cover.

Table 1 - Mapping of research questions to objectives

Research Questions

Objective

Systematic review of SPI success factors

RQ1: What is the current state-of-art of SPI success
factors?

To identify state-of-art of SPI success factors.

RQ1.1: What success factors are reported in research?

To identify SPI success factors discussed in published
research.

RQ1.2: What success factors found in RQ1.1 are the
most important ones depending on the frequency?

To identify the most important SPI success factors
based on the frequency of occurrence in published
research. .

RQ1.3: Do SPI success factors found in RQ1.2 differ
across publications with respect to
definition/explanation?

To identify the variety of definitions or explanations
of the most important SPI success factors in research.

RQ1.4: Do SPI success factors found in RQ1.2 differ in
relation to what SPI framework is used?

To identify the relationship between SPI success
factors and SPI frameworks in published research.

RQ1.5: Do SPI success factors found in RQ1.2 differ in
relation to what software process area is under
improvement?

To identify the relationship between the most
important SPI success factors and software process
areas in published research.

RQ1.5.1: Do SPI frameworks found in RQ1.4 relate to
software process areas found in RQL.5 in terms of
success factors?

To identify the relationship between SPI frameworks
and software process areas that undergo improvement
with respect to their related success factors.
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Industrial validation - Survey with practitioners

RQ2: What is the current state-of-practice of SPI
success factors?

To identify industrial perspective on SPI success
factors.

RQ2.1: What success factors are reported in industry?

To identify SPI success factors discussed in industry.

RQ2.2: What success factors found in RQ2.1 are the
most important ones depending on the frequency?

To identify the most important SPI success factors
based on the frequency of responses in survey.

RQ2.2.1: Do SPI success factors found in RQ2.2 differ
in relation to varying experience of practitioners in
SPI?

To identify the relationship between SPI success
factors and varying SPI experience among
practitioners.

RQ2.3: Do SPI success factors found in RQ2.2 differ in
relation to what SPI framework is used?

To identify the relationship between the most
important SPI success factors to SPI frameworks used
in industry.

RQ2.3.1: Do SPI success factors related to “CMM and
CMMI” found in survey also relate to CMMI model
key components?

To identify the relationship between “CMM and
CMMI” related SPI success factors and CMMI model
key components.

RQ2.3.2: Do SPI frameworks found in RQ2.3 differ
across practitioners with respect to their experience in
SPI?

To identify the relationship between SPI frameworks
and varying SPI experience among practitioners.

RQ2.4: Do SPI success factors found in RQ2.2 differ in
relation to what software process area is under
improvement?

To identify the relationship between the most
important SPI success factors and software process
areas in industry.

RQ2.4.1: Do software process areas found in RQ2.4
differ across practitioners with respect to their
experience in SP1?

To identify the relationship between software process
areas that undergo the improvement and varying SPI
experience among practitioners.

Analysis of systematic review and survey findings

RQ3: Do SPI success factors found in RQ1.2 reported
in the systematic review differ from findings reported
in the survey from RQ 2.2?

To identify whether the knowledge of the most
important SPI success factors in research differs from
the industry knowledge.

RQ3.1: Do SPI frameworks with their related SPI
success factors found in RQ1.4 reported in the
systematic review differ from findings reported in the
survey from RQ2.3?

To identify whether the relationship between most
important SPI success factors and SPI frameworks
found in systematic review differs from industry’s
perspective.

RQ3.2: Do software process areas with their related SPI
success factors found in RQ1.5 reported in the
systematic review differ from findings reported in the
survey from RQ2.4?

To identify whether the relationship between most
important SPI success factors and software process
areas found in systematic review differs from
industry’s perspective.

1.3 Thesis structure

Thesis report is organized as follows. Section 2 describes the background and related
work of SPI success factors. Section 3 gives an insight on our research methodology
describing the systematic review and industrial survey procedure in detail. Section 4 and
section 5 present the results and analysis of systematic review and industrial survey
respectively. Section 6 highlights the analysis of comparison between systematic review and
industrial survey results. Section 7 discusses the validity threats. Section 8 presents the
conclusion. Section 9 describes the limitations of our research and provides future directions.
Section 10 contains Appendix. The appendix provides a list of selected publications used in
systematic review as well as the design of questionnaire that we used in industrial survey.
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2 BACKGROUND AND RELATED WORK

In the global and rapidly changing market environment, companies strive to produce and
deliver products and services with high quality that will create value for customers. It was
once sufficient for companies to concentrate on the quality of the final software product [1].
However, now more and more organizations also set the goal to have in place a high quality
development process. The mind shift from seeing quality through products to quality through
processes can be well explained with the example of quality movement history [11]. The
history of quality movement shows how quality was growing within a period of time in
business. The phases of Total Quality Management (TQM) show the development and
growth of quality starting from inspections (to eliminate defects after the product is
developed) to quality management (to establish and structure routines for avoiding defects in
the development process). This movement starts from the ‘quality through product’ and it
reaches its peak in the ‘quality through development” process [11].

Software industry has grown in maturity and in recent years it has realized the importance
of having good practices in software development process [3, 4]. SPI as a research field in
Software Engineering is related to investigating and identifying ways of improving processes
in software development [4]. For this purpose researchers develop different models or
frameworks that facilitate the implementation of SPI.

One of the pioneers of SPI, Basili together with other researchers summarized his work in
the field of SPI at Software Engineering Laboratory (SEL) [4]. During the years, SEL
developed Quality Improvement Paradigm (QIP) — a scientific approach to improve
processes. QIP was based on Goal Question Metric (GQM) — a methodology for selecting
and gathering required data to answer the questions that contribute in achieving the goals,
and Experience Factory — an approach to reuse experience from previous projects. These
finding were the foundations for developing the SPI framework. Some of the well known
SPI frameworks include Capability Maturity Model Integrated (CMMI), International
Organization for Standardization (ISO) standard 9001 series, Software Process Improvement
and Capability dEtermination (SPICE), ISO/IEC (International Electrotechnical
Commission) 12207 standard and standard ISO/IEC 15504. The main contribution of Basili
et al. [4] is the list of lessons learned while working at SEL. Some of the lessons e.g.
empowerment and encourage of managers to take decisions; buy-in from project managers;
upper management support; a commitment to SPI initiative were seen as key success factors
to SPI.

In the following subsections we will present core studies on SPI success factors. To the
best of our knowledge, researchers have not yet performed systematic reviews of SPI success
factors. Nevertheless, it is important to mention research studies that, to some extent, are of
systematic nature. Overall, we categorize these studies into:

e Semi-structured research. Research is conducted similar to systematic literature
review.

e Interviews and surveys with practitioners. Research is conducted in industry by
interviewing and questioning managers, developers and process engineers.

e Mixed method research. Research is conducted in two phases: performing a
literature review in one phase and then validating the findings through empirical
methods with practitioners in industry in the other phase.

e Studies on SPI barriers. Research in SPI field that discusses the concern of SPI
hindrances or barriers.

2.1  Semi-structured research

Rainer and Hall [3] tried to summarize core studies of SPI initiatives. They used a cross-
case analysis of SPI case studies of organizations that were assessed with CMMI. The
studies were selected from publications in journals and proceedings. They raised concern
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about the common conceptual definitions of success factor, because other publications
mentioned success factors, but they did not explain the rationale and definitions of them.

Dyba in [17] used an interesting approach to collect SPI success factors. He took a
broader point of view on SPI. He analyzed studies not only in SPI field, but also in Quality
management and Organizational learning. From his extensive literature review, Dyba found
nearly 200, ‘prescriptions’ (as he called them) for SPI success [17].

The systematic review made by Niazi et al. [12] investigated the motivation for adopting
CMM-based SPI. The authors followed Kitchenham guideline [13] for performing
systematic review. However, the study is mostly concerned with organizations that adopt
CMM-based SPI framework in particular. The main focus of the study is not the success
factors of SPI, but the motivation and rationale behind the adoption of CMM-based SPI
framework by organizations [12].

Another group of systematic publications in the field of SPI are systematic surveys. This
group of research systematically evaluated and gathered data by conducting interviews and
guestionnaires with practitioners [7, 14]. The study performed by Herbsleb and Goldenson
[7] investigated enabling and hindering factors in CMM initiative. The systematic survey
selection criteria were organizations that performed appraisal of CMM-based SPI. The
authors of this article found two new success factors that were not mentioned before: “SPI
awareness” and “Formal methodology”.

2.2 Interviews and Surveys

Rainer and Hall [6], to some extent, summarized SPI factors discussed earlier in three
other publications. They conducted interviews with three types of practitioners to find out
relevant factors that affect SPI. They also compared factors affecting SPI from interviews to
the ones mentioned earlier in those three publications. However, the authors did not
explicitly distinguish the factors to be either SPI success or failure factors. In total, they
found 26 critical factors potentially affecting SPI. Rainer and Hall limited themselves only to
CMM-based framework in their studies. On the contrary, we have found studies on SPI
reporting interviews and surveys with practitioners from organizations that adopt different
SPI frameworks, such as QIP, IDEAL model and SPICE [5].

In another empirical study Stelzer and Mellis [10] not only investigated SPI factors, but
also investigated SPI factors with relation to organizational change management. They
analyzed experience reports and case studies of 56 software organizations that either have
implemented 1SO 9000 quality system or have conducted a CMMI-based SPI initiative. They
have found that insufficient organizational change management is the main problem while
implementing SPI initiatives [10]. This indicates that software organizations usually
underestimate the efforts needed to accomplish the change process. Therefore Stelzer and
Mellis claimed that organizational change management has not been dealt with in either
CMM or ISO families. It is further said that both CMM and ISO inform the software
organizations ‘what’ to improve but do not inform ‘how’ to effectively implement the
practices described in both of the standards [10]. The result of the study showed that there
are 10 factors, such as “Management commitment and support”, “Unfreezing the
organizations”, “Setting relevant and realistic objectives”, that relatively affect
organizational change management towards SPI initiatives. Herbsleb and Goldenson [7]
conducted survey with organizations and focussed on finding out the impact CMM-based
SPI initiative had on organizations after appraisal. In their research they not only discussed
success factors in SPI but also discussed factors that hinder SPI success, called as SPI
barriers. Some of the SPI barriers included excessive organizational politics, paperwork, and
turnover in key senior management.

An interesting empirical study has been done by Montoni and Rocha [15] where they
addressed the issue of lack of unified interpretation of success factors of SPI. They agreed
with Rainer et al. and Niazi et al. [6, 12] that there are no uniform definitions and
explanations of success factors. If there are any, then there are no studies to provide
guidelines on how to manage success factors to achieve better results [6, 12]. Montoni and
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Rocha [15] designed a concept map of critical success factors that is shown in Figure 1. This
concept map was used to identify the properties of each critical success factor to ensure a
uniform definition of each factor. Montoni and Rocha have also identified core categories of
critical success factors of SPI [15].

cd CSF Concept Map

relates
CSF_Component CSF isgrounded on | CSF Finding_Data_Source
ST | - B B
CSF_Finding
has isof
CSF_Property | 1S@videnced by CSF_Finding_Type

Figure 1 - Concept map of critical success factors [15]

Dyba used an interesting direction towards SPI success factors to find out if organization
size had any contribution towards successful SPI initiatives [16]. Dyba, by conducting an
industrial mail survey, examined whether an organization’s size affects its SPI
implementation strategy and the degree of SPI success. He concluded that there are a few
factors that have critical and positive effect on software business performance in both large
and small organizations. Some of these factors were “Business orientation”, “Employee
participation”, and “Tailoring improvement initiatives”. Both small and large organizations
implement equivalently the SPI initiatives but smaller ones have to invest more in employee
participation and exploration of new knowledge to compete with their bigger counterparts
[16].

The empirical investigation by Dyba [5] was limited to QIP, IDEAL models and SPICE
SPI frameworks. The main contribution of this study was the conceptual model of success
factors [5]. As shown in Figure 2, it consists of six independent variables (SPI success
factors), two moderating variables (organization size and environmental conditions) and a
dependent variable — SPI success. The model addressed the lack of adequate theoretical
justification of SPI success factors [5].

Independent variables:
* Business orientation

* Involved leadership Dependent variable:
* Employee participation » SPI success
4 *Perceived level of success

* Concern for measurement
* Exploitation of existing knowledge
* Exploration of new knowledge

*Organizational performance

Moderating variables:
* Organizational size
* Environmental conditions

Figure 2 - Conceptual model of success factors [5]

2.3  Mixed method research

Niazi et al. [8] conducted research by interviewing 34 SPI practitioners after performing a
literature review. In the first phase, literature review, they found six critical success factors.
In the second phase, survey with practitioners, they identified seven critical SPI factors. In
the analysis part, they compared their empirical study results with the literature and
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confirmed the factors identified in the literature. Interestingly, they identified two new
critical success factors (CSF) through empirical study—“SPI awareness” and “Defined SPI
implementation methodology” that were not identified in the literature. This led them to the
conclusion that practitioners are very much aware of what is crucial for the successful
implementation of SPI initiative programs [8].

2.4  Study on SPI barriers

Research has also been done in the direction of finding the barriers that hinder the success
of SPI. There are studies conducted to see any demotivators associated with the failure of
SPI processes. For example, Niazi et al. [18] have found 23 such demotivators by conducting
empirical studies using a face-to-face questionnaire-based survey among software
organizations in different countries. Some of the demotivators according Niazi et al. are
“Lack of management direction/commitment”, “Lack of resources”, “Inexperienced staff”,
and “Workload”. They also made a comparison to see if the participant countries faced the
same demotivators that hinder the success of an SPI program. A ranking mechanism was
devised to see the perceived importance given to those factors. Identification and exploration
of such demativators actually lay emphasis on SPI success factors.

Moreover, Bannerman [19] took a practice-based view at some fundamental assumptions
about the SPI supported by case scenarios. Four such fallacies were examined thoroughly
and the researcher came up with some suggestions in order to manage these fallacies to get
the net benefit out of them. The study further said that future success of process
improvement is more of management strategy that is dependent upon the capability of
organizations to capture material gains.

In our thesis project, we have targeted all the above-mentioned approaches taken in
previous researches from various perspectives on SPI success factors. We have seen that
some studies investigated SPI factors related to certain SPI framework; others were
concerned with SPI factors and their relation to organizational change management where
few others explored the issue of lack of unified interpretation of SPI success factors.
Therefore, it was in our interest to cover studies on SPI from as many perspectives as
possible by conducting a systematic literature review.

Our thesis project contributes to the research discussed in section 2 in the following ways:

1. To best of our knowledge, there was no systematic review on SPI success factors.

The majority of the studies were done in semi-structured way where as systematic
review is a well-structured literature review with a pre-defined search strategy.

2. Studies on SPI success factors were isolated and dependent either on one or several
SPI frameworks. We believe it was important to identify relationship between SPI
success factors and various SPI frameworks. Through systematic review we can find
this relationship between SPI success factors and various SP1 frameworks.

3. There is a need to have a common interpretation of SPI success factors. To the best
of our knowledge, there were no common conceptual definitions used to define SPI
success factors. Some of the studies reported general factors affecting SPI initiative,
while some concentrated on critical or key success factors. Some of the studies
identified motivators for taking SPI initiatives. The variety of terms is confusing for
practitioners when they want to adopt an SPI framework for improvement initiatives.
The systematic review is the best approach in order to gain common interpretation of
SPI success factors as it is expected to cover a large number of publications.

4. Another issue with SPI literature is that it has mostly reported results of SPI success
factors based on some SPI frameworks without mentioning particular software
process areas. However, there might be different success factors for different
software process improvement areas. For example, Sommerville and Ransom [20]
identified and measured SPI success factors for Requirements Engineering (RE)
process. Their key/critical success factors of improving requirements processes were
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related to RE processes in particular and software development in general. Keeping
this issue in mind, we proposed use of systematic review of SPI success factors. It is
also a good way to identify the relationship of SPI success factors to particular
development processes.
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3 RESEARCH METHODOLOGY

We used a mixed method research approach to achieve the aim of the project. A mixed
method research approach is the one in which research is conducted in two phases:
performing a literature review in one phase and conducting interviews or surveys with
practitioners [25] in the other.

In Figure 3 we have presented graphically our research design and the steps we performed
to achieve the aim of the thesis project. In step 1 of Figure 3 we conducted systematic review
and it is described in detail with the help of section 3.1 and section 4. We performed step 2 to
get input for our survey design. In step 3 of Figure 3 we conducted industrial survey and it is
explained with the help of section 3.2 and section 5. Finally we compared and analyzed the
findings of systematic review and survey in step 4, 4.1, 4.2 and 4.3.and explained in section
6.
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Figure 3 - Graphical representation of research design and execution.
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3.1 Systematic review

The systematic literature review is, the best evidence-based approach to cover a broad
spectrum of research literature on a particular subject [13]. It is a well-structured approach
with pre-defined search strategy to cover current state-of-art in SPI field as researchers
follow certain protocol to find and review the literature. The advantage of the systematic
literature review is that it provides an evidence of the robustness of the phenomenon under
investigation [13]. We have followed Kitchenham et al. [13] guidelines to perform the
systematic literature review on current state-of-art of SPI success factors. Research questions
that we have answered during the systematic literature review are given in section 1.2.

We have performed systematic literature review in three major steps: planning the review,
conducting the review and reporting the results of the review. In the planning phase we
developed a review protocol that was approved by our thesis advisor and we followed in the
conducting phase. A review protocol describes the overall design of systematic review
comprising of research questions, search strings, search strategy, search resources
(databases), inclusion/ exclusion criteria, quality assessment of selecting publications, data
extraction strategy, designing of data extraction forms and data synthesis strategy.

Each stage of the systematic review was piloted before execution as recommended by
Kitchenham [13]. To further improve the quality of our systematic review, we involved our
advisor to clarify possible misinterpretations and misunderstandings between the two
participant researchers.

In the execution phase we selected publications based on the inclusion/ exclusion criteria
we defined in the review protocol. A search history log was maintained for documenting the
search results. The quality assessment was made on the selected publications on the criteria
we defined in the protocol. We designed data extraction forms and used them to extract data
from the selected publications. The extracted data was analyzed quantitatively. In the
following subsection we present the design and execution of systematic review in details.

3.1.1 Research questions for systematic review
Systematic review aimed to answer the following research questions that are also provided in
section 1.2.
1. RQ1: What is the current state-of-art of SPI success factors?
2. RQ1.1: What success factors are reported in research?
3. RQ1.2: What success factors found in RQ1.1 are the most important ones depending
on the frequency?
4. RQL1.3: Do SPI success factors found in RQL.2 differ across publications with
respect to definition/explanation?
5. RQ1.4: Do SPI success factors found in RQ1.2 differ in relation to what SPI
framework is used?
6. RQ1.5: Do SPI success factors found in RQL1.2 differ in relation to what software
process area is under improvement?
7. RQ1.5.1: Do SPI frameworks found in RQ1.4 relate to software process areas found
in RQ1.5 in terms of success factors?
Based on the research questions, following are the population, intervention, comparison and
the outcomes of the systematic literature review.
Population: Software processes, software development processes, software process
management, software process improvement success factors, software process improvement.

Intervention: success
Comparison: Not Applicable

Outcome: a list of most important success factors of SPI
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3.1.2 Search strategy

The purpose of search strategy is to formulate the search strings/terms, identify the search
resources (databases) and describe the study search procedure [13].

First, we discussed which terms to include into our search strings. We developed a list of
terms used in publications from our initial literature review. We then experimented with
different combinations of these terms. Our initial idea was to include ‘“Framework”,
“methodology”, “Standard”, and “Software Process” terms using different binary operators,
in addition to “Software Process Improvement”, “SPI” and “success” search strings.
However, after two meetings with the librarian and initial test searches we came to this
conclusion to use the following combination of terms in our search strings: “Software
Process Improvement” OR “SPI” AND “success”.

We used the following databases as the primary source for publications:

Inspec (Engineering Village 2)

Compendex (Engineering Village 2)

ACM portal

IEEEXxplore

Scopus.

For each of the databases we developed search strings. Search strings are shown in

Table 2. Apart from search terms, we specified the range of year of publications in our
search strings. The reason why we narrowed down our search from year 1990 to 2009 is that
SPI has became a major field of interest since 1990 [4] in research. Among databases, for
Compendex and Inspec databases we could also specify to search only for peer-reviewed
publications. For the rest of the databases we had to do it manually by looking at meta-data
of each publication.

Table 2 - Source databases and their respective search strings

Database Search string

IEEE ((((software process improvement)<in>metadata ) <and> ((success)<in>metadata ) )) <and>
(pyr>= 1990 <and>pyr<= 2009)

ACM ((Abstract:software and Abstract:process and Abstract:improvement and Abstract:success) )
and (PublishedAs:periodical OR PublishedAs:proceeding)
SCOPUS TITLE-ABS-KEY ("software process improvement")ANDTITLE-ABS-

KEY ("success")AND(EXCLUDE(EXACTSRCTITLE,"Lecture Notes in Computer Science
Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics")) AND(EXCLUDE(EXACTSRCTITLE,"IFIP International Federation for
Information Processing”)OREXCLUDE(EXACTSRCTITLE, "Lecture Notes in Computer
Science")OREXCLUDE(EXACTSRCTITLE,"Crosstalk™))AND(EXCLUDE(DOCTYPE,"re")
OREXCLUDE(DOCTYPE,"ed")OREXCLUDE(DOCTYPE,"ip")) AND(EXCLUDE(SUBJAR
EA,"MATH")OREXCLUDE(SUBJAREA,"PSYC")OREXCLUDE(SUBJAREA,"AGRI")OR
EXCLUDE(SUBJAREA,"ECON")OREXCLUDE(SUBJAREA,"ENVI")OREXCLUDE(SUBJ
AREA,"DENT")OREXCLUDE(SUBJAREA,"ENER")OREXCLUDE(SUBJAREA,"MEDI")
OREXCLUDE(SUBJAREA,"MULT")OREXCLUDE(SUBJAREA,"NURS")OREXCLUDE(S
UBJAREA,"PHYS")

Inspec Starting from 1990 and onwards (({software process improvement}WN CV) AND (success
WN KY) AND ([21]OR {CP}OR {JA}WN DT))

Compendex | Starting from 1990 and onwards (((((software process improvement) WN KY) AND ((success
) WN KY))) AND (((ca) OR (ja) OR (cp)) WN DT))

After we finalized search strings we piloted them through the following process:

e We randomly selected one search string from Table 2 and performed the search
independently.

e \We compared results in order to see if both the participant researchers have selected
the same publications. This ensured the same level of understanding among the
participant researchers.

e In cases where we reported different results, we conducted meetings to develop a
common interpretation of the inclusion/ exclusion criteria.
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e In addition, we consulted our advisor for an expert opinion regarding unresolved
conflicts.

After the piloting, we divided the databases among two of us and performed the selection
procedure independently. We used EndNote as a reference manager tool to store the
bibliographic references. With its help we were able to remove the duplicates and manage
references from all identified databases. In total, we removed 102 duplicates after merging
all databases search results. This left us with 348 publications. Table 3 summarizes the
results of databases search.

Table 3 - Source databases and publications

Number of Number of Number of

Database Name Number of duplicates duplicates publications
publications found found by found left for further

EndNote manually analysis
ACM 90 0 89
Compendex 196 3 190
IEEExplore 68 0 0 68
Merged IEEE and Compendex 264 14 3 247
Merged ACM, IEEE and
Compendex 336 17 73 246
Inspec 174 0 4 170
Scopus 65 0 0 65
Merged Inspec and scopus 235 14 17 204
Merged all databases 450 102 0 348

In addition to documenting the search strings, we also maintained the search history of
each database. The history contained the numbers of relevant publications found as primary
candidates, along with a list of selected and rejected publications.

3.1.3 Selection of publications

We developed a basic process for including/ excluding publications as recommended by
Kitchenham et al. [13]. It comprises of five steps shown in Figure 4.

For Step 1 in the process the publication was required to be peer-reviewed i.e. if it is
published in journal, conference proceedings. We excluded all other publications such as
workshops, reviews, technical reports, or summaries of tutorials from the systematic
literature review. As we mentioned in section 3.1.2, we were interested in publication
starting from year 1990 and until 2009. Before finally excluding any paper, we made sure
that one of participant researchers has also reviewed it. Publications that did not discuss SPI
in their abstract were not rejected because there was a risk that abstract could have been
poorly formulated. We chose to include such publications; however, their quality was
assessed with lower score.
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Figure 4 - Inclusion/exclusion process

Although selection of publications was performed individually by both of the participant
researchers, we still held meetings to discuss any doubtful publication. During the meetings
we reassessed the disputed publications on the basis of detailed inclusion and exclusion
criteria as shown in Figure 4. In some cases, we also requested expert opinion of our advisor
to minimize the risk of discarding any relevant publication.

Documentation was also an essential part of inclusion/ exclusion process. We organized
all publications into the groups as shown in Table 4. At any time of the inclusion/exclusion
process we could review publications from these groups. None of the publications was
physically deleted from our repository. This increased the reliability of the selected
publications as we could easily identify the reasons of rejected publications before finally
discarding them.
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Table 4 - Inclusion/exclusion summary

Distribution of number of publications
Group Total

Researcher 1 Researcher 2
Discarded at Step 1 (not peer reviewed) 15 17 23
Discarded at Step 2 (after reading abstract) 72 76 148
Discarded at Step 3 (after reading introduction) 12 24 36
Discarded at Step 4 (after reading conclusion) 23 17 40
Duplicates 7 0 7
Selected at Step 2 (after reading abstract) 27 26 53
Selected at Step 3 (after reading introduction) 3 7 10
Selected at Step 4 (after reading conclusion) 10 6 16
No text available 4 1 5
Not in English 1 0 1
Total 174 174 348

3.1.4 Quality assessment of publications

As a part of the design of systematic review, we also developed a checklist to assess the
quality of the selected publications. The purpose of the quality assessment was to analyze the
quality of each individual publication. The high quality of the publications adds value to both
the publication selection and data extraction processes.

We performed quality assessment to make sure that the selected publications are of a good
guality and we can rely on the findings of the study. We took the guidelines from
Kitchenham [13] and developed the following quality assessment checklist as shown in
Table 5. We designated categories for assessing each individual publication and developed
corresponding questions.

Table 5 - Quality assessment checklist for selected publications

Category

Question

Answer

General

Does the abstract clearly present the content of article?

Context

Is the aim of the study clearly stated?

Avre the research questions stated?

Is the context of the study stated?

Design

Is the sample representative of the population to which the results will
generalize?

Are there any validity threats discussed?

Do authors describe methods, tools, technique or methodology used for
collecting data?

Conduct
collection

and

data

Is data collection process adequately described?

Is the data collection process repeatable for another population?

Are there any deviations or outliers discussed?

Analysis

Do authors analyze the results using statistical methods?

Avre the study participants or observational units adequately described?
For example, SE experience, type (student, practitioner, consultant),
nationality, task experience and other relevant variables.

Is the basic data measurement and analysis adequately described?

Presentation of results

Avre there any results presented as the outcome of the study?

Can the results be generalized?

Yes/No/To
some extent
Yes/Not
Applicable

We also piloted the study quality assessment in the same way as we did in selecting

publications in the previous section 3.1.3. In Table 6, we present the results from study
guality assessment. For each of the categories in checklist, we had assessed publications with
respect to its questions. In the columns 3, 4, 5 and 6, we can see how many publications were
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assessed with a certain value: “Yes”, “No”, “To some extent Yes” and “Not applicable”. For
example, with respect to the question “Are the research gquestions stated?” in the “Context”
category in Table 6, seven publications did not state research questions. For nine
publications, the question was not applicable, 18 did state but not all research gquestions and
26 out of 60 publications clearly stated research questions.

Table 6 - Study quality assessment results

Number of selected publications for each
. . answer
Category Study Quality Assessment Question No | Not Tosome | Yes |Towl
Applicable | extent Yes
General Does the abstract clearly present the content 3 2 55
of article?
Context Is the aim of the study clearly stated? 1 3 3 53
Avre the research questions stated? 7 9 18 26
Is the context of the study stated? 2 1 53
Design Is the sample representative of the 3 26 25
population to which the results will
generalize?
Avre there any validity threats discussed? 20 18 6 16
Do authors describe methods, tools, 5 17 7 31
technique or methodology used for
collecting data?
Conduct Is data collection process adequately 2 21 12 25
and data described?
collection Is the data collection process repeatable for 3 32 7 18| 60
another population?
Are there any deviations or outliers 13 32 1 14
discussed?
Analysis Do authors analyze the results using 8 28 8 16
statistical methods?
Are the study participants or observational 2 9 1 48
units adequately described? For example, SE
experience, type (student, practitioner,
consultant), nationality, task experience and
other relevant variables.
Is the basic data measurement and analysis 6 23 9 22
adequately described?
Presentation | Are there any results presented as the 2 4 54
results outcome of the study?
Can the results be generalized? 1 8 16 35
Total answers 75 237 97| 491 900

In Table 6 we can see from the category “Context”, in 53 out of 60 publications
researchers clearly described the context in terms of aims, research questions and context.
From the category “Presentation results”, we can also observe that researchers in the selected
publications properly have presented outcomes of the studies (54 out of 60) and their results
can be generalized (35 out of 60). Moreover, from the “Analysis” category in Table 6 we can
state that researchers have adequately described participants of their studies in the majority
of selected publications (48 out of 60).

On the other hand, researchers tend to overlook the description of data collection process
and discussion of outliers in their publications. Most of the answers in category “Conduct
and data collection” in Table 6 remained ‘“Not applicable”. It means that information
regarding collection process and outliers was missing in selected publications. Moreover, as
we observe from the eighth row in Table 6, 1/3 of publications unfortunately did not discuss
validity threats. We believe that researchers should be more specific and pay more attention
to discuss data collection and validity threats sections in their publications.

In general, we rated the publications of a good quality because we found the majority of
the answers in affirmation to several questions in all categories (588 out of 900, which is
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65% of possible answers to the questions). However, for few other aspects we rated the
selected publications as “Not applicable” (237 out of 900, which is 26 % of possible answers
to the questions). This can be due to the following reasons:
e Study quality assessment checklist questions were not appropriate to rate quality of
studies on SPI success.
e Researchers in SPI field tend to overlook some recommended sections while
reporting their studies i.e. validity threats, data collection process and description of
statistical methods used in the analysis of the results.

3.1.5 Data extraction from publications

We developed data extraction strategy to extract information relevant to our research
guestions. For this purpose we divided selected publications equally among both of us and
did the extraction independently.

As a part of the design of the systematic review, we designed data extraction forms to
store extracted data. Data extraction form with mapping to corresponding research questions
is shown in Table 7. We were inspired by Dyba and used the conceptual model of success
factors [16]. His model was very useful in our context because we could collect data needed
to answer our research questions, i.e. data needed for identifying relationship of SPI success
factors with either SPI frameworks or software process areas. In addition to that, we used a
concept map of success factors shown in Figure 1 to map definitions of success factors.

Before the actual extraction of data we performed pilot on data extraction in order to
minimize the threat of misinterpretation among the participant researchers. First, we selected
the same publications and extracted data independently. Then we compared the extracted
data to see if we had a common understanding of what and how to extract. The results of
piloting showed we extracted the same information.

Table 7 - Data Extraction form contents and mapping to research questions

ID | Property Values LG I D .
research question

Type of context | Academia/Industry RQ1

2 | Type of study Interview/Survey/Observation/Case Study/Other RQ1

3 Success factor Name RQ1.1

Definition RQ1.3

4 Framework Model/Framework/Methodology/Standard name RQ1.4,RQ15.1

5 Software Process area (e.g. RE, Construct, Configuration Management, | RQ1.5, RQ1.5.1
Process areas’ Testing, Maintenance, Design)

We would like to mention that RQ1.2 could not be mapped to any of the properties, as the
answer to this research question would appear after analyzing the extracted data.

Data extracted from the selected publications was stored in a repository. For this matter,
we used MySQL database management tool [22]. We also used a tool called “refbase” [23]
to import meta-data of selected publications from EndNote to MySQL database. In addition
to this, we developed a PHP webpage with quality assessment checklist and data extraction
forms [24]. Data processing language MySQL made the synthesis of data quite simple and
quick. The analysis of extracted data was facilitated with this tool as we could use several
views to generate our queries and summarize the results.

! Software Process areas names are taken from Software Engineering Body of Knowledge [2] A. Abran and J. W.
Moore, Guide to the Software Engineering Body of Knowledge 2004 Version. Los Alamitos, CA: |IEEE Computer Society,
2004..
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3.2 Industrial survey

The industrial survey with practitioners has been performed to validate the findings of the
systematic literature review. Out of all known empirical research methods, we chose to
conduct the survey with practitioners due to the time and resource constraints for this thesis
project. We decided to design a web-based survey, as it is comfortable for participants to
answer questions at their convenience, preferred time and place. The questions of survey
were related to research questions stated in section 1.2. Details regarding the design of
guestionnaire can be found in section 3.2.2

In general, we used a checklist proposed by Creswell [25] to design a survey. We also
made use of the web-interface i.e. www.surveymonkey.com for designing and conducting
survey.

3.2.1 Population of the survey

We aimed to conduct a survey with no less than 50 practitioners. A sample population
was the employees at software companies that have at least a good knowledge of SPI
initiative and have practical experience of applying any SPI framework. The previous
working experience of both participant researchers in industry helped a lot in finding
participants for the survey. We contacted our personal contacts who we knew have had
experience with SPI practices. We recruited the participants by first sending personal
invitations and upon their agreement sent the link to survey. We further asked these
practitioners to forward the invitation to their peers having experience in SPI. In addition to
this, we sent invitations to different social networks and companies who we knew had some
experience with SPI e.g. SPIN networks on LinkedIn and CMMI group of SEI. We
performed random sample procedure to make sure that we could generalize the results [25].
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3.2.2 Survey instrument

We designed and used a questionnaire as an instrument to collect survey data. The questionnaire included items with multiple choices, Likert’s
scale and open-ended questions. The detailed questionnaire can be found in Appendix section 10.1. Mapping between research questions and survey

items is shown in Table 8.

Table 8 - Survey questionnaire and research questions

Item of Questionnaire

Explanation

Research question

1. Please specify your position, company name, country.

This question aims to gather demographics of
respondents

N/A

2. Please specify your working experience with software and experience
of improving practices (i.e. methods, tools, technology).

This question aims to find out respondents
experience working with software and improving
practices. It is needed for survey analysis. The
information was also used to connect SPI
frameworks/models and process areas mentioned in
Question 5 to this answer.

RQ2.2.1: Do SPI success factors found in RQ2.2
differ in relation to varying experience of
practitioners in SPI?

RQ2.3.2: Do SPI frameworks found in RQ2.3 differ
across practitioners with respect to their experience
in SPI1?

RQ2.4.1: Do software process areas found in
RQ2.4 differ across practitioners with respect to
their experience in SP1?

3. Please let us know about your experience with the improvement:

1. As a result of the improvement in your company, did you deliver
products of a better quality?

2. As aresult of the improvement in your company, did you notice a
positive change in company’s business?

3. As a result of the improvement in your company, did your
company spend less time to develop and introduce new products or
services?

4.  As a result of the improvement in your company, were customers
more satisfied with your services or products?

This question aims find out if respondents have
been involved in successful or unsuccessful SPI
initiative. SPI initiative is mostly associated with
delivering products of a better quality, bringing a
positive change to a company, saving time to
market and bringing value to customers. The
information was used to connect success factors
mentioned in Question 4 to this answer.

RQ2.1: What success factors are reported in the
survey?

4. When you think about your experience with the improvement, what
are the three most important success factors?

1. Success factor 1

2. Success factor 2

3. Success factor 3

This question aims to find out what are the three
important  success factors from respondent
perspective.

RQ2: What is the current state-of-practice of SPI
success factors?

RQ2.1: What success factors are reported in the
survey?

RQ2.2: What success factors found in RQ2.1 are
the most important based on the frequency of the
survey?

5. Please provide us with framework/model and area of the
improvement from your last improvement programme.

This question aims to find out which SPI
frameworks/models and software process areas are
most frequent among companies. The information
was used to connect success factors mentioned in
Question 4 to this answer. We also used

RQ2.3: Do SPI success factors found in RQ2.2
differ in relation to what SPI framework is used?
RQ2.3.1: Do SPI success factors related to “CMM
and CMMI” found in survey also relate to CMMI
model key components?
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information provided in Question 2 with this
Question to connect practitioners experience with
SPI frameworks/models and software process areas.

RQ2.3.2: Do SPI frameworks found in RQ2.3 differ
across practitioners with respect to their experience
in SPI1?

RQ2.4: Do SPI success factors found in RQ2.2
differ across participants in relation to what
software  development  process is  under
improvement?

RQ2.4.1: Do software process areas found in
RQ2.4 differ across practitioners with respect to
their experience in SP1?

6. When you think about the success of the improvement, to what extent
of importance would you rate the following factors?

Commitment at all organizational levels

Active participation of everyone involved

Dedicating staff, time and resources

Tools and technology support

Organization (structure, procedures, environment)

Managing improvement effort (plan, control, monitor)

. Documentation

NogaprwdE

This question aims to find out if the most important
SPI success factors given in research are also
important to respondents. We did not provide
respondents with the names of the factors, as this
might influence their answers.

RQ3: Do SPI success factors found in RQ1.2
reported in the systematic review differ from
findings reported in the survey?

7. When you think about the success of the improvement, to what extent

do you agree or disagree with the following statements?

1. Management commitment is about providing necessary resources
and ensuring everyone's involvement to support improvement
programme.

2. Active participation is about the contribution, cooperation and
active engagement of people involved in implementing the
improvement effort.

3. Allocating staff, time and resources is about adding workload to
regular schedules without providing additional resources.

4. Organization has to be supportive, flexible and ready to accept
changes in terms of its structure, culture and environment.

5. Support of tools and technology is essential for the successful
improvement effort.

6. Documents related to the improvement effort should be created,
maintained and updated on a regular basis.

7. Improvement effort's planning and monitoring is not as important
as making people aware of the improvement effort.

This question aims to find out if the perception of
SPI success factors in research is the same as
among respondents.

RQ3: Do SPI success factors found in RQ1.2
reported in the systematic review differ from
findings reported in the survey?
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3.2.3 Survey pilot

The initial questionnaire had more items than those present in Table 8. We piloted the
survey questionnaire with students of Blekinge Institute of Technology and software
engineers with SPI experience. The purpose of this pilot was to find out any drawbacks or
weak parts of the questionnaire design that could be confusing for respondents. The results
of the pilot showed that it was hard for practitioners to come up with five most important
success factors and some questions were hard to understand. Another very important
feedback was about the time survey consumed. It took on average 30 minutes for
respondents to complete a pilot survey. All the feedback was taken into account and we
developed a shorter questionnaire with only five questions relevant to our thesis. We
rephrased the questions making them more precise. Before sending survey invitations to
practitioners, we piloted the survey again with the same respondents to make sure we did
improve and survey was easy to fill in and understand. After piloting the second time and
getting approval from our advisor, we sent invitations to the practitioners.

3.2.4 Survey execution

We made the first contact with a small group of respondents via emails earlier during the
design phase of the survey. We sent them invitations with cover letters containing all
necessary information about our thesis project. However, we did not disclose the main aim in
detail to respondents prior to the survey in order to prevent any bias. In addition to that,
during the execution of the survey we constantly requested more SPI professionals to take
part in our survey. Since both of us have worked in industry, we also contacted our
professional contacts for this matter. Other than the known contacts, we also selected
professionals’ web-forums, discussion platforms and social networks to maximize the
practitioners’ participation.

Due to the time and resources constraints, we set the execution period for the survey to
two weeks. However, we reached our required number of respondents within one week. We
constantly followed the web interface www.surveymonkey.com for the updates. After the set
time, we closed the survey and analyzed the submitted results.
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4 RESULTS AND ANALYSIS OF SYSTEMATIC
REVIEW

In this section of the thesis, we have presented the result and analysis of the systematic
review. Each subsection from section 4.1 to section 4.5.1 starts with a relevant research
question followed by its results then analysis and ends with a short summary.

4.1 Current state-of-art of SPI success factors

RQ1: What is the current state-of-art of SPI success factors?

The aim of conducting a systematic review was to find the current state-of-art of SPI
success factors. In order to achieve this aim, we wanted to find the context of publications,
important and most important success factors, their relationship to SPI1 frameworks and
software process areas. With our selection criteria and search strategy in section 3.1.2 we
selected 79 publications. Out of these 79 selected publications, only 60 provided us with
relevant data. We classified each publication into its respective context and type of study
with the help of our data extraction form in Table 7. Figure 5 depicts the classification we
performed.

[ Selected Publications ]

15% 85%

v A 4

Academia Industry

20%
Survey

\ 4

A 4

45% ‘] 0
Other |4 16%
__

16% ;
Interview
55% 204

\4

Literature review L

( J

A 4

27%
Case study

\ 4

7%

Action research

(.

\ 4

)

12% [

Experience

(.

Figure 5 - Systematic review: Classification for selected publication in systematic review
The first level of Figure 5 shows the context of each publication as either “Academia” or

“Industry”. On the second level of Figure 5, we classified the selected publications with
respect to their type. For example in the context of academia, we found the types of
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publications either to be “Literature review” or “Other”. Publications for which authors did
not specify any type we classified them as “Other” in both industry and academia.

In the context of “Industry”, we found the following types of studies:

Survey

Interview

Case Study
Literature review
Other

Action research

. Experience report

As Figure 5 shows, we found 15% of the selected publications in the context of academia
and 85% in the context of industry. The reason of a large number of publications from
industry perspective is that industry faces the real problems in the field of SPI. Any research
when conducted or validated in industry adds a value to the findings and solution proposed
by it. Researchers wanted their findings to be valuable to both the research community and
the practitioners thus the majority of the selected publications turned out to be in the context
of industry [7, 15, 17].

There are fewer purely academic publications because SPI is a very practical field of
Software Engineering and it is not possible to study the SPI initiatives without involving the
industry [4].

Figure 5 clearly shows that in the context of industry, a large number i.e. 27% of the
publications were case studies. Since success is a relative phenomenon and cannot be
described in absolute terms, this can be one of the reasons why researchers conducted a large
number of “Case studies” [10, 26]. The qualitative nature of the data related to success of
SP1 makes qualitative research methods like “Case studies” a better option.

NookrwdE

Summary:

The majority of the selected publications were found in the context of industry, which
gave value to our findings with respect to discover the current state-of-art of SPI
success factors. In the context of academia, researchers either tend to conduct
“Literature reviews” or have not specified the type of study. However, in the context
of industry, a large number of case studies were found due to the qualitative nature of
the data related to success of SPI.

4.2  SPI success factors found in research

RQ1.1: What success factors are reported in research?
RQ1.2: What success factors found in RQ1.1 are the most important ones depending
on the frequency?

In order to discover SPI success factors reported in the research we extracted certain
information from the selected publications. For the extraction and ranking of success factors
we developed a strategy similar to the one presented by Dyba [17]. We were also inspired by
the concept map introduced by Montoni and Rocha in [15]. We tailored this concept map to
our context and developed a map shown in Figure 6. It consists of three variables:

e “Success Factor” — the exact name of a success factor as it is given in a selected
publication. Success factors that were mentioned in the background section of a
selected publication were not considered.

e  “Success Factor Category” — the name of a category to which a success factor
belongs. Each factor is assigned to one and only one success factor category.

e “Definition/Explanation” — the information in a selected publication that can be
considered as definition or explanation of a success factor.
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relates
Success Factor Category Success Factor

has

Definition/Explanation

Figure 6 - Systematic review: Concept map of the success factors used in the systematic review

Based on the concept map we analyzed 79 publications, but only 60 of them provided
relevant data. The final findings resulted in a total of 558 SPI success factors.
We discovered a large number of success factors due to the following reasons:

1. Each publication was treated as a single study.

2. Some of the researchers used the same study results for publishing different research
articles, such as [8, 27-29].

3. SPI success depends on many variables. For instance, company size [16], maturity
level of an organization [28], environmental conditions [15].

4. The majority of the success factors were reported from the industry mostly through
case studies, interviews and surveys. It means that success factors were discovered
from many practitioners or companies with different success perspective, relating to
their personal experience and knowledge of SPI [5, 8, 12, 14, 16].

In Figure 7, we have shown the distribution of the SPI success factors among different
types of studies in the context of academia and industry. By looking at Figure 7 we have
observed that out of all success factors found in publications, 24% were discovered from
academia and 76% from industry.

Industry-Literature
review
2%

Industry-Action research
0

/_

Industry-Experience
report
8%

Figure 7 - Systematic review: Current state-of-art of SPI success factors

During data extraction, we noticed that there were some authors that re-used the same
study results in their different publications. We decided to exclude the publications from our
findings in order to see if they affected the results. The exclusion showed that the influence
was negligible and did not affect the results. For this reason, we included all publications in
the analysis.
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Due to a large number of discovered success factors, it was necessary to combine success
factors into groups for further analysis. Figure 8 shows how we grouped SPI success factors
into success factor categories.

SPI success factor categories

SPI success factors

Active participation of all involved parties Participation and

Management commitment ~ involvement
Measure SPI effort N
Job satisfaction \‘ Commitment

Process metric

Organization readiness Organization

Employee involvement

Commitment from senior/ middle
management A1

Measurement and metrics

Improvement goals are measurable —

Organization’s member motivation —
People related factors

W W NN N

Perform reviews ~

Provision of resources

Organization maturity

\‘ . .
Reviews > Reviews and Quality
Lack of support N
SPI initiative as single project N \ Staff, time and resources
External guidance and mentoring < v
Staff —
Project planning and role tracking ~ b: Guidance and moral support
Resources
Managing improvement project - \

\\ Project management

[~ (Control, Monitor, Plan)

Figure 8 - Systematic review: Grouping of success factors

We grouped success factors based on either having common names or similar
descriptions. For example, we grouped success factors “Management commitment”, “Senior
management commitment”, and “Commitment from other stakeholders” into the category
“Commitment”. Similarly, as one can see from Figure 8, we combined success factors
“Active participation of all involved parties”, “Developer involvement” and “Employee
involvement” into the category “Participation and involvement”.

The grouping of success factors was quite a difficult task. Some of the factors were
obvious, such as “Commitment” but factors such as “Balance practice push and process pull”
were difficult to group since they could have been assigned to several groups. In such cases,
we looked at the context in a selected publication to reach a final decision.

In addition to this, we also treated factors that were success inhibitors or barriers because
when such factors are applied properly they can eventually lead to success. For example, we
grouped “Lack of resources” and “Proper provision of resources” under one category “Staff,
time and resources” (the two statements are opposite views of the same category).

We will not claim that our strategy for grouping success factors was the only best possible
way to group success factors. Some other grouping strategy can also be developed and
applied e.g. we could have applied a grouping strategy based on stages of SPI initiative as
done by Komi-Sirvio [30]. He grouped success factors based on Plan-Do-Check-Act
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(PDCA) cycle. However, we could not extract any information that could point to which
stage of SPI initiative the success factors related to because the researchers did not report
any stages of SPI and they tend to look into SPI in general.

To find out which SPI success factors categories are the most important ones, we
calculated the frequency of occurrence of each success factor category. Table 9 represents
the result of grouping 558 success factors into 31 unique success factors categories along
with their respective frequencies. In Table 9 we sorted success factor categories based on the
frequency. This is how we identified the 15 most important success factor categories and
separated them by a thick black line. We called this sorted list as a ranked order of SPI
success factor categories.

We have presented 15 most important success factor categories in all the tables except
Table 9 and Table 18 because for these tables it was necessary to show all success factor
categories from the systematic review and the survey respectively. Similarly, other tables
where a reader might want to see all 31 success factor categories, we have indicated in the
text to find those tables in appendix in section 10. We decided to present 15 most important
success factor categories in the rest of the tables in order to ease the reader from going
through a long list of 31 factor categories. However, the calculations are made based on a
total success factors that we found from both of the phases of our thesis project. The 15 most
important success factor categories cover 75% of all SPI success factors we found from the
systematic review.

Table 9 - Systematic review: SPI success factors categories discovered from the systematic review

namber | order | Succes fator category name cuooess foctors.
1 1 PARTICIPATION AND INVOLVEMENT 41
2 2 IMPROVEMENT RELATED FACTORS 37
3 3 STAFF, TIME AND RESOURCES 35
4 4 ORGANIZATION 33
5 COMMITMENT 30
6 . PROJECT MANAGEMENT (CONTROL, MONITOR, 30
PLAN)

7 PEOPLE RELATED FACTORS 30
8 DEPLOYMENT AND IMPLEMENTATION 27
9 7 EXPERIENCE, COMPETENCE, SKILLS 25
10 MEASUREMENT, METRICS AND ASSESSMENT 24
11 8 GUIDANCE AND MORAL SUPPORT 24
12 9 SPI GOALS/OBJECTIVES 23
13 10 REVIEWS AND QUALITY 21
14 ADAPTABILITY/ACCEPTANCE TO CHANGE 19
15 11 I'TRAINING 19
16 12 KNOWLEDGE/LEARNING 14
17 13 COMMUNICATION 12
18 AWARENESS 11
19 ROLES AND RESPONSIBILITIES 11
20 14 PAT, SEPG TEAM 11
21 CUSTOMER, SUPPLIER 11
22 15 CULTURE 10
23 LEADERSHIP 9
24 16 TAILoRING 9
25 17 RESPECT 8
26 VISION 7
27 18 PROCESS SPECIFIC FACTORS 7
28 19 DOCUMENTATION 6
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Lty | kel Success factor category name R
number order gory success factors

29 REWARD

30 19 INNOVATION/IDEA/EXPLORATION

31 20 TOOLS 2
Total 558

By looking at Table 9, we have observed that the most important success factor category
is “Participation and involvement” followed by “Improvement related factors”, “Staff, time
and resources”, “Organization” moving towards the least important factors e.g. “Reward”,
“Tools”. We have also observed the close proximity of the frequency distribution among the
15 most important success factor categories in Table 9. Therefore, it would be a wrong claim
if we consider only one factor as the most important for SPI success. For example, if one has
ensured everyone’s participation and involvement while not taking into account the
resources needed to implement SPI initiative, the initiative probably will not succeed. On the
other hand, if SPI initiative has a profound measurement program but no one follows it, SPI
initiative will remain failure prone. Moreover, if there is no supporting organization
infrastructure or commitment from senior managers to SPI goals then no matter how
competent the SPI team is, SPI initiative probably will not succeed.

With reference to Table 9, the least important success factor categories are “Tools”,
“Reward”, “Innovation/exploration” and “Documentation”. From a researcher’s perspective,
these least important success factor categories are considered as supplementary requirements
and hence are not considered among the basic ones for SPI initiative. The reason that these
success factors categories are not that frequently discussed in literature can be that they are
indirectly related to SPI success and hence do not require profound research. Another reason
might be that the most important success factors categories are more challenging to consider
in practice and that is why they require more attention from a researcher’s perspective
compare to the least important ones.

Summary:

The most important success factor category based on frequency is “Participation and
involvement”. However, claiming that “Participation and involvement” is the only
important category would be wrong. Results show that success factors categories are
closely spaced apart among the most important success factor categories. It means
that instead of considering only one most important success factor category, one
should consider a set of factor categories while implementing SPI initiative, such as
“Organization” and “Commitment” together with ‘“Measurement, metrics and
assessment”, “SPI goals/objectives” and “Experience, competence, skills”.

4.3  SPI success factors and definitions

RQ1.3: Do SPI success factors found in RQ1.2 differ across publications with
respect to definition/explanation?

We also investigated the selected publications regarding explanations or formal
definitions of SPI success factors. The results show that out of 558 discovered factors, 252,
i.e. 45% of all success factors, did not have any explanations or definitions. Though, some of
these factors had self explanatory names which did not require any further explanations, such
as “Experienced staff”, taken from [9]. On the contrary, for success factors such as “Focus
on improving not on process” taken from [31], a formal definition was necessary to
understand the underlying meaning but it was not given. We could interpret this factor in at
least the following two ways:

1. One should focus on the improvement of a process rather on a process itself.
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2.

One should focus on improvement initiative rather on processes.

For such a vague factor name, it was more difficult to assign a category as it could have
many meanings. We could have assigned it to “Deployment and implementation” category
or to “Improvement related factors” category. In such cases, it was necessary to read the
corresponding context of a publication in order to reach a final decision. We present the
definitions of 15 most important success factor categories. The definitions are based on the
explanations given in the selected publications.

1.

10.

11.

12.

13.

14.

Participation and involvement — mutually beneficial co-operation, exchange of
knowledge and engagement of all employees at all organizational levels that indicate
interest in SPI initiative by actively proposing improvements [5, 17, 30, 32-35].
Improvement related factors — category refers to success factors related to process
that is undergoing SPI initiative. These factors include the adequate definition,
standardization and institutionalization of a process undergoing improvement by
incorporating best practices suitable for an organization to make it practical and
useful [15, 35-38].

Staff, time and resources — the allocation of supporting infrastructure, finances,
resources and staff, time for SPI initiative and maintaining the balance between staff
workload and time pressure [15, 20, 37, 39, 40].

Organization — enforcement of an organization’s formal/informal rules together
with policies, the design of work procedures, supportive hierarchy and infrastructure
[40-43].

Commitment — buy-in and support at all management levels, provision of essential
resources, ensuring and steering group members to participate in SPI initiative and
making best practices an integral part of an organization [28, 44-48].

Project management (Control, Monitor, Plan) — SPI project planning with
necessary scoping and scheduling, estimating cost and effort, monitoring and
controlling progress [30, 35, 49-52].

People related factors — driving motivation, enthusiasm, appreciation and job
satisfaction of staff by self-motivated visionary people; additionally, providing staff
with success opportunities and avoiding penalties for failure to promote acceptance
to change [15, 34, 37, 45, 53].

Deployment and implementation — incremental approach to implement SPI in
small steps by first piloting on small projects to get early payback and then
institutionalizing it in an organization with the use of flexible methods and tools
adjustable to the implementation strategy [30, 38, 45, 52].

Experience, competence and skills — experience, competence and skills of people
involved in SPI initiative together with their technical and domain knowledge of SPI
implementation [28, 50].

Measurement, metrics and assessment — the collection of quality data for simple
metrics to assess the progress or impact and justify the success of SPI initiative [5,
38, 44, 52, 54].

Guidance and moral support — guidance, mentoring and moral support both from
management and external consultants; support in advocating various SPI issues,
especially from visionary people [36, 39, 55].

SPI goals/objectives — clearly defined and well-understood realistic and
measureable SPI goals aligned with business or organizational goals [5, 30, 49, 55,
56].

Reviews and quality — the presence of quality improvement program including
regular workshops, meetings and reviews to assure the high quality of SPI initiative
[26, 28, 35, 41].

Adaptability/acceptance to change - organization’s capability to iteratively
introduce few changes in order to reduce resistance to change and create the
perception of freedom for people involved in SPI initiative [10, 37, 45, 46].
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15. Training — the presence of comprehensive training program, which includes case-
specific and repeatable training sessions to raise the awareness among people,
involved in SPI initiative and to develop their skills needed for SPI implementation
[30, 35, 38, 51].

Summary:

Most of the selected publications either did not provide any formal definition of success
factors or the definitions were too ambiguous and difficult to analyze. All publications
which at all give a definition of SPI success factors tend to define it on their own
although they still retain the same meanings.

4.4  Relationship of SPI success factors and SPI
frameworks

RQ1.4: Do SPI success factors found in RQ1.2 differ in relation to what SPI framework
is used?

Apart from finding the most important SPI success factors and their definitions, we were
also interested in finding the relationship between SPI success factors and SPI frameworks
that were used while implementing SPI initiative. Thus, we also extracted data related to SPI
frameworks from the selected publications. In Table 10 column 1 and 2, we have shown the
list of SPI frameworks that we used from Jacobs [1]. Table 10, column 1 shows the SPI
frameworks that we extracted from publications.

Table 10 - Systematic review: SPI frameworks in selected publications.

SPI frameworks
SPI frameworks found in publications | SPI frameworks not found in publications
CMM Bootstrap
CMMI ISO/IEC 15504
SW-CMM P-CMM
SW CMM Level 2 Trillium
SW CMM Level 3 COBIT
SW CMM Level 4 MOF (Microsoft Operations Framework)
SW CMM Level 5 QIP
1SO 9000 series TicklT
SPICE SWEBOK
SPIRE SEI TSP
TQM SEI PSP
IDEAL PMBOK
PDCA (PDSA)
Six Sigma
ISO/IEC 12207

Table 10 has 27 possible SPI framework names that we used from Jacobs [1] in our
extraction database. The extracted data showed that selected publications contained either
single SPI frameworks like the ones mentioned by Jacobs [1] or they contained several SPI
frameworks. For example, we did not find any publications with ISO/IEC 12207 mentioned
as a single framework, but we did find publications where this framework is used along with
CMMI [15]. We marked such frameworks that were used along with some other frameworks
as “Combinations of SPI frameworks”. Therefore, in addition to the SPI frameworks in
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Table 10 column 1 we introduced the following SPI framework groups, which we also used
in our extraction database:

1.

Not mentioned: If a selected publication did not provide any information about SPI
frameworks against the reported success factors we marked SPI frameworks
information against those success factors as “Not mentioned”.

Other: Are those SPI frameworks that either were not among the ones mentioned in
Table 10 or were developed by researchers themselves based on their research
project.

Combination of SPI frameworks: Are those SPI frameworks that were used in
combination with some other frameworks.

In Table 11 we have presented all SPI frameworks discovered from the systematic review
with their 15 most important success factor categories and their corresponding frequencies.
The complete results for 31 success factor categories with SPI frameworks can be found in
Appendix 10.3 Table 36.

Table 11 shows all SPI frameworks with corresponding frequency of 15 most important
success factor categories varying from one to 13. Due to a large number of SPI frameworks,
we decided to group them into the following groups for further analysis also shown in Table

11:

1.

2.

“CMM-based”. We included the following frameworks into this group: CMM,
CMMI, SW-CMM and its variants, and a combination of CMM and CMMI.

“Other frameworks”. We included the following frameworks into this group: ISO
9000 series, SPICE, SPIRE, Six Sigma, IDEAL, PDCA (PDSA), TQM, a
combination of ISO/IEC 12207,15504 and CMMI, a combination of SPICE and
IDEAL, a combination of Six Sigma, CMM and ISO 9000, a combination of
Bootstrap, CMM, 1SO and PROFES, a combination of IDEAL and ISO/IEC 15504.
Success factors that were related to frameworks that researchers developed
themselves based on their research project were also gathered under the group
“Other” frameworks, which is also a part of this group.

“ISO 9000/ISO 9001 and CMM”. We decided to have it as a separate group because
we discovered many success factors categories in relation to “ISO 9000 and CMM”
and “ISO 9001 and CMM” combined. The presence of “CMM” framework in two
groups i.e. “CMM-based” and “ISO 9001 and CMM” might seem a contradiction.
Publications under the group i.e. “ISO 9001 and CMM” did not distinguish which
success factors were discovered using 1SO 9001 /ISO 9000 and using CMM,; that is
why we could not put these factors into the group “CMM-based”.

“Not mentioned”: We included all such success factors into this group that did not
give any information about SPI framework.
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Table 11 - Systematic review: 15 most important SPI success factor categories and SPI frameworks
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TO CHANGE
TRAINING 2 1 1 0 1 0 0 1 olofo| o o[ o o 0 1 3[0 o1
TOOLS 0 0 0 0 0 0 0 ofoJo| o o] o o 0 0 110 oo
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In the last row of the Table 11, we observed that most of the success factors i.e. 174 were
unrelated to any SPI frameworks thus gathered under “Not mentioned” group followed by
“Other” with 136, “ISO 9000/ISO 9001 and CMM” with 131, and “CMM-based”
frameworks with 117 success factors out of 558. The reason that there were so many success
factor categories with no relation to any SPI framework might be that researchers did not
relate success of SPI to certain SPI frameworks. Another reason might be that SPI
framework relation to SPI success factors was not the center of attention for researchers.
Many SPI success factors were related to “Other” SPI frameworks. It might be because
publications presented findings from interviews, surveys or case studies of various
companies, with various SPI goals, needs and structure. The reason we have many success
factors related to “CMM-based” or “ISO 9000/ISO9001 and CMM?” is that these two SPI
frameworks are popular among other standards for SPI and are widely used by companies in
software industry [1].

We wanted to know which of the success factor categories are important for the “CMM-
based”, “Other” and “ISO 9000 and ISO 9001 and CMM” framework groups. For this
reason, we compared the ranked order of the success factor categories among these three
framework groups in Table 12.

Table 12 - Systematic review: Comparison of the ranked order of 15 most important success factor
categories among SPI framework groups

Ranked order of success factor categories among
Success factor category name SPI framework groups
gory CMM- other ? 1SO 9000/1SO 9001

based and CMM

PROJECT MANAGEMENT (CONTROL, MONITOR,
1 7 6

PLAN)
STAFF, TIME AND RESOURCES 1
IMPROVEMENT RELATED FACTORS 2 4 4
REVIEWS AND QUALITY 3 7 3
ORGANIZATION 1
PARTICIPATION AND INVOLVEMENT 2 4
COMMITMENT
DEPLOYMENT AND IMPLEMENTATION 4 3 5
TRAINING 5
MEASUREMENT, METRICS AND ASSESSMENT 6 7
GUIDANCE AND MORAL SUPPORT 4
EXPERIENCE, COMPETENCE, SKILLS 5 7 2
ADAPTABILITY/ACCEPTANCE TO CHANGE 6 4
PEOPLE RELATED FACTORS 6 1
SPI GOALS/OBJECTIVES 7 5 °

In Table 12 the comparison shows that “Project Management (Control, Monitor, Plan)” is
the most important success factor category for “CMM-based” framework group. It means
that success of CMM-based SPI depends largely on treating SPI initiative as a project with
activities like planning, controlling and monitoring. As for “Other” frameworks, “Project
Management (Control, Monitor, Plan)” is the seventh and sixth most important to “Other”
and “ISO 9000/ISO 9001 and CMM?” groups respectively.

“Organization” and “People related factors” are the most important success factor
categories for “Other” framework group. It means that success of SPI initiative based on
“Other” frameworks depends mostly on considering organization structure, environment and
with competence and skills of human resources in SPI. On the other hand, “Organization” is

2 150 9000 series, SPICE, SPIRE, Six Sigma, IDEAL, PDCA (PDSA), TQM, a combination of ISO/IEC 12207, 15504 and
CMMI, a combination of SPICE and IDEAL, a combination of Six Sigma, CMM and 1SO 9000, a combination of Bootstrap,
CMM, ISO and PROFES, a combination of IDEAL and ISO/IEC 15504
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fourth and “People related factors” is sixth most important to both “CMM-based” and “ISO
9000/ISO 9001 and CMM?” groups.

“Staff, time and resources” is the most important success factor category for “ISO
9000/ISO 9001 and CMM” frameworks. It means that for “ISO 9000/ISO 9001 and CMM”
based SPI initiative, the success depends on allocating sufficient staff, time and other
resources. However, “Staff, time and resources” is the second most important to “CMM-
based” and fourth most important to “Other” groups.

“Reviews and Quality” is third most important to “CMM-based” and “ISO 9000/ISO
9001 and CMM” groups but seventh most important to “Other”. It means that it is also
important to have regular reviews, walkthroughs and other meetings to achieve success in
SPl initiative based specially on CMM, ISO 9001 or ISO 9000 SPI frameworks.

However, we have observed in Table 12 that most of the success factor categories have
almost the same ranked order in “CMM-based”, “Other” and “ISO 9000/ISO 9001 and
CMM” framework groups. For example, “Participation and Involvement”, “Staff, time and
resources”, “Improvement related factors”, “Commitment”, and ‘“Deployment and
Implementation” are almost equally important for these framework groups. It may mean that
these factor categories should be considered important while applying “CMM-based” or
“Other” or “ISO 9000/ISO 9001 and CMM” framework in the SPI effort in addition to the
most important ones in each of these individual frameworks.

Moreover, for both “CMM-based” and “ISO 9000/ISO 9001 and CMM” groups,
“Reviews and Quality”, “Participation and Involvement”, “Organization” and ‘People
related factors” are equally important as seen in Table 12. This emphasizes the importance of
these factor categories of SPI effort using both of the SPI framework groups. However, the
rest of the success factor categories are of a different importance for “CMM-based” and
“ISO 9000/1SO 9001 and CMM”.

e Firstly, it is because the latter group also contains 1SO 9000 and ISO 9001 SPI
frameworks.

e Secondly, it is due to the inherent nature of ISO 9000 or ISO 9001 standard and
CMM-based frameworks. 1SO 9001/ISO 9000 is actually a set of requirements that
companies in any kind of industry have to obey to achieve success in the
improvement effort. As for CMM-based frameworks, these frameworks are specific
to the software industry. CMM-based frameworks encompass the best practices from
large companies, which should be considered to achieve either specific or general
goals [1] in the improvement effort.

In general, by looking at Table 12, we have observed that for all SPI frameworks
“Training” is not so important success factor category among the 15 most important ones.
Jacobs [1] in his SPI framework (Accelerating Process Improvement Model), which is based
on IDEAL and agile methodology combination, describes the stages of SPI initiative. In his
framework, training and deployment come in the later stages of SPI initiative. This conforms
to our findings in Table 12 for “Training”, and “Deployment and Implementation” which are
ranked low and thus are not so important success factor categories.

For “Not mentioned” group, researchers in the selected publications did not mention any
SPI framework for 174 success factors. One of the reasons can be that they did not relate
their reported success factors to any of the frameworks and hence considered them important
for the success of SPI initiative in general. Therefore, we first generated a ranked order of
success factors categories for the rest of the three framework groups by combining their
frequencies. We then compared it to the ranked order of success factor categories unrelated
to any SPI framework in Table 13.
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Table 13 - Systematic review: Comparison of ranked order of 15 most important success factor
categories among "Not mentioned" and rest of the three mentioned SPI frameworks

Ranked order of success Ranked order of
Success factor cateqory name factors in CMM-based, success factors “Not
gory Other and 1SO 9000/1SO mentioned” group
9001and CMM groups

PARTICIPATION AND INVOLVEMENT 1 1
IMPROVEMENT RELATED FACTORS 2 2
STAFF, TIME AND RESOURCES 3 9
ORGANIZATION 4 8
COMMITMENT 5 5
PEOPLE RELATED FACTORS 6 6
PROJECT MANAGEMENT (CONTROL, 7
MONITOR, PLAN)

DEPLOYMENT AND IMPLEMENTATION 7 8
EXPERIENCE, COMPETENCE, SKILLS 6
MEASUREMENT, METRICS AND ASSESSMENT 3
GUIDANCE AND MORAL SUPPORT 9 10

SPI GOALS/OBJECTIVES 10 4
REVIEWS AND QUALITY 11 11
ADAPTABILITY/ACCEPTANCE TO CHANGE 10
TRAINING 12 12

It was interesting to note in Table 13 that columns 2 and 3 have the same success factor
categories among the 15 most important ones with a slightly different order. “Participation
and involvement”, “Improvement related factors”, “Commitment”, “Project Management
(Control, Monitor, Plan)”, “Reviews and Quality”, and “Training” are equally important for
“Not mentioned”, “Other”, “CMM-based”, and “ISO 9000/ISO 9000 SPI frameworks.
These success factor categories in particular and the rest of the success factor categories in
general in Table 13 are actually important for the success of SPI initiative even if they are
not related to any SPI framework.

Summary:

Researchers mostly do not explicitly relate SPI success factors to SPI frameworks.
However, publications in which success factors were related to some framework we
have found most of them were related to either CMM-based, 1SO 9001/ISO 9000, or
a combination of frameworks. The most important success factor categories differ
slightly in their ranked order among these frameworks. In a researcher’s opinion, the
success of SPI effort whether or not using any SPI frameworks depends mostly on
considering organization structure and environment, personnel skills and
competences, managing project, performing reviews, ensuring participation,
commitment and involvement of staff and providing training and sufficient resources
dedicated to SPI effort.

4.5 Relationship of SPI success factors and Software

Process Areas

RQL.5: Do SPI success factors found in RQ1.2 differ in relation to what software
process area is under improvement?

After discovering the important success factor categories in section 4.2, we further
investigated if the SPI success factors differ across different software process areas. For this
reason, we also gathered information related to software process areas. In the selected
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publications we tried to find software process areas as listed in SWEBOK [2]. In Table 14
we have shown which software process areas were mentioned and which were not
mentioned by publications.

Table 14 - Systematic review: Software process areas in selected publications

Software process areas from SWEBOK

Found in publications Not found in publications

Software Configuration Management Software Maintenance

Software Construction Software Engineering Tools and Methods
Software Engineering Management Software Design

Software Engineering Process

Software Quality

Software Requirements

Software Testing

In Table 14 column 2 we have seen that “Software Maintenance”, “Software Engineering
Tools and Methods”, and “Software Design” process areas which were not mentioned by any
of the selected publications. That is why we excluded these process areas from our analysis.
We also added two new groups i.e. “Combination of process areas” and “Not mentioned” to
the list of process areas mentioned in publications to Table 14 column 1. We added these
two groups because the initial literature review showed that many SPI success factors were
related to either combinations of process areas or the software process areas were not
mentioned at all.

In Table 15 we have presented all software process areas discovered from systematic
review with their 15 most important success factor categories and their corresponding
frequencies. The complete results for 31 success factor categories with software process
areas can be found in Appendix 10.3 Table 37.

The results inTable 15 last row show that “Software Testing”, “Software Configuration
Management” and “Software Engineering Process” had altogether only 19 success factors
with a frequency of five, seven and seven respectively. We decided to exclude these software
process areas from our analysis because of their very small frequency.
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Table 15 - Systematic review: 15 most important success factor categories with their corresponding
frequencies among software process areas

n c 0
8 i=l S o o IS
o = i)
Success factor category name g s sz | 52 (2 S| g| &
S |8 8|08 | O || ol 2| L
g © c |o £ o o € |o (5] @ (5]
fu -E > _ D 1. _ D 1 wn S 1 S
= 5, 2ls2| s|88|s8| | 8| ¢
T EE| sE5 | £E5|EE| 2] €| 2
E O Z w2 | o= oo | & | & | &
PARTICIPATION AND INVOLVEMENT 41 3 25 0 1 1 0 8 2 1
IMPROVEMENT RELATED FACTORS 37 5 24 0 3 0 1 1 3 0
STAFF, TIME AND RESOURCES 35 1 27 1 1 3 0 1 1 0
ORGANIZATION 33 0 24 0 0 1 1 7 0 0
COMMITMENT 30 4 21 0 1 1 0 2 1 0
PROJECT MANAGEMENT (CONTROL, 30 4 19 1 2 3 0 1 0 0
MONITOR, PLAN)
PEOPLE RELATED FACTORS 30 2 17 1 2 1 0 7 0 0
DEPLOYMENT AND 27 3 18 0 1 1 0 0 3
IMPLEMENTATION
EXPERIENCE/COMPETENCE/SKILLS 25 1 21 0 0 1 0 1
MEASUREMENT, METRICS AND 24 2 15 0 0 2 0 4 0
ASSESSMENT
GUIDANCE AND MORAL SUPPORT 24 3 16 1 1 0 0 1 2 0
SPI GOALS/OBJECTIVES 23 0 13 0 0 2 0 6 2 0
REVIEWS AND QUALITY 21 0 16 0 1 0 0 2 1 1
ADAPTABILITY/ACCEPTANCE TO 19 1 10 1 3 1 1 2 0 0
CHANGE
TRAINING 19 2 11 0 0 1 1 1 2 1
TOOLS 2 0 1 0 0 1 0 0 0
Total 558 40 | 367 7| 24 23 7] 64| 21 5

From the last row in Table 15 we have observed that 84% of all success factors were
either not related to any software process area or related to “Software Quality” or to
“Combination of process areas”. Researchers did not mention any software process area for
66% of all success factors across different success factor categories and so we assigned them
to “Not mentioned” group. The reason for not mentioning any software process area might
be that researchers were not interested in discussing success factors for improving specific
software process areas. They tend to discuss overall success of SPI in the software
development life cycle.

On the contrary, the majority of the selected publications reported cases studies with
companies as seen in section 4.1. This method of the research is about exploration of a
company’s processes [25]. For that reason, we expected the researchers to be very explicit in
finding what software process areas have been undergoing SPI initiative. However, the
results showed the opposite.

“Software Quality” and “Combination of process areas” were the most mentioned
software process areas with 11% and 7% of all the success factors related to them
respectively. We could generate only eight most important success factor categories in Table
16 for both of these software process areas since the frequencies for the rest of the categories
were too low to be analyzed.
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Table 16 - Systematic review: Eight most important success factor categories of *Combination of
software process areas" and "Software Quality" software process areas

Combination of software process areas Software Quality
S 1.
D D
- | B -~ | B
o o (&) o
Success factor category name § Q |Success factor category name § 3
X X
g |5 |5
LL © LL ©
IMPROVEMENT RELATED FACTORS = | 1 |PARTICIPATION AND s | 1
INVOLVEMENT
COMMITMENT PEOPLE RELATED FACTORS
PROJECT MANAGEMENT (CONTROL, 4 | 2 |ORGANIZATION 7|2
MONITOR, PLAN)
PARTICIPATION AND INVOLVEMENT SPI GOALS/OBJECTIVES 6 | 3
GUIDANCE AND MORAL SUPPORT s | 3 [MEASUREMENT, METRICS AND
ASSESSMENT
DEPLOYMENT AND IMPLEMENTATION COMMUNICATION
PEOPLE RELATED FACTORS CUSTOMER/SUPPLIER 4 | 4
MEASUREMENT, METRICS AND 2 | 4 [KNOWLEDGE/LEARNING
ASSESSMENT

From the results of Table 16 we have observed that for the improvement of “Software
Quality” process area, researchers emphasize ‘Participation and Involvement”, “People
related factors” and “Organization” success factors categories. It means that success in the
improvement of “Software Quality” is largely associated with competent and skilled people
involved in the SPI effort and the organization structure for setting SPI goals and objectives.

For “Combination of process areas”, “Improvement related factors”, “Commitment” and
“Project Management (Control, Monitor, Plan)” are considered the most important success
factor categories. It means that success in the improvement of several process areas is
achieved through treating SPI as an iterative, staged project at the same time getting buy-in
and commitment of all people involved in SPI.

Three factor categories e.g. “Participation and Involvement”, “People related factors”, and
“Measurement, Metrics and Assessment” are found to be common in both of the groups for
the success of SPI initiative though in a different ranked order. It means no matter which
process area in particular undergoes the improvement; one should always actively involve all
stakeholders, collect metrics and perform assessments for success of the SPI effort.

We also compared the ranked order of the “Software Quality” process area with other
software process areas since it was the most frequently mentioned (11%) software process
area among the specific ones. For this purpose, in Table 15 we compared “Software Quality”
in column 9 to “Software Construction”, “Software Engineering Management” and
“Software Requirements” in columns 6, 7 and 10 respectively. The comparison
unfortunately did not provide us with any interesting results. The reason why “Software
Quality” is the most mentioned specific process area is that researchers consider “Software
Quality” more of an attribute rather than an independent process area. They visualize quality
as an integral part of every software process area. It was interesting to know that SWEBOK
standard also claims that “Software Quality” cross cuts across all software process areas [2].
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Summary:

From the analysis of data related to the research question RQ 1.5 we can conclude
that there is no strong relationship between SPI success factors and software process
areas. In addition, researchers mostly did not specify which software process areas
they investigated while discussing success of SPI. We could have performed a deeper
analysis if this information would have been reported.

Researchers, who do specify process area in their publications, discuss success of SPI
mostly in terms of improving “Software Quality”. They see “Software Quality” as an
important attribute in SPI initiative but not as a software process area that undergoes
the improvement. This conforms to the claim of SWEBOK standard that “Software
Quality” cross cuts across all software process areas [2]. In their opinion, the success
of the SPI initiative for improving quality depends on “Participation and
involvement” together with ‘“People related factors” and “Organization” success
factor categories.

4.5.1 Relationship between SPI frameworks and software process
areas

RQ1.5.1: Do SPI frameworks found in RQ1.4 relate to software process areas found
in RQL.5 in terms of the success factors?

Since the majority of the reported success factors did not relate to any software process
area, we were eager to find out what SPI frameworks do not relate to any of the software
process areas in terms of success factors. For this reason, we looked into selected
publications that related SPI success factors to a certain SPI framework but did not relate
them to any software process area.

In Table 17 we have shown SPI framework groups distribution among software process
areas. We used a metric “frequency of related success factors” to describe the relationship
between SPI frameworks and process areas. For example, we found 10 success factors from
“Other” SPI framework group related to “Combination of process areas”.

Table 17 - Systematic review: The distribution of software process areas among SPI frameworks

Frequency of related success factors
Software process area
° Other | 150 9000MISOR0L |y e

Combination of process areas 10 0 26
Not provided 53 101 73
Software Configuration Management 0 0 2
Software Construction 15 0
Software Engineering Management 11 8
Software Engineering Process 0 0 4
Software Quality 36 10 3
Software Requirements 7 14 0
Software Testing 4 0 1
Total 136 131 117

Table 17 shows that 77% of SPI success factors in “Not provided” process area, were
discovered either from “CMM-based” or “ISO 9000/ISO 9001 and CMM” frameworks. The
reasons that publications which related SPI success factor categories either to “CMM-based”
or “ISO 9000/ISO 9001 and CMM” frameworks but did not relate them to any software
process area can be as follows:
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“ISO 9001/ISO 9000 is a standard with requirements that organizations have to
fulfill in order to ensure high quality of service/products they provide. The
requirements of “ISO 9001/ISO 9000” are generic and broad in nature, that is why
this SPI framework did not relate to any of the software process areas [11].

On the other hand, CMMI, which is a part of CMM family SPI frameworks, consist
of many key process areas similar to software process areas we used in our research
from SWEBOK [2]. We had expected the selected publications to provide software
process areas while discussing CMM family frameworks. However, the results
showed that researchers did not discuss any software process area when they

analyzed “CMM-based” success factors.

Summary:

Researchers who do not specify any software process area mostly discuss “CMM-
based” or “ISO 9000/ ISO 9001 and CMM” SPI frameworks. “ISO 9001/ ISO 9000~
framework is a standard with quality requirements for any kind of industry, thus it is
natural for it not to discuss any software process area. On the other hand, “CMM-
based” SPI frameworks have many key process areas. In this case researchers should
have been more specific about which software process area is undergoing
improvement.
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5 RESULTS AND ANALYSIS OF INDUSTRIAL SURVEY

In this section of the thesis, we have presented the result and analysis of our industrial
survey. The purpose of the survey was to validate the findings of the systematic review. Each
subsection from section 5.1 to section 5.4.1 starts with a relevant research question followed
by its results then analysis and ends with a short summary.

5.1 Current state-of practice of SPI success factors

RQ2: What is the current state-of-practice of SPI success factors?

We wanted to compare the current state-of-practice to the current state-of-art of SPI
success factors. We have already identified the current state-of-art of SPI success factors by
conducting a systematic literature review. In the survey, we asked respondents to provide us
with factors, which in their perspective are important for the success of SPI through their
experiences with the SPI initiative. The survey was conducted for duration of two weeks. We
received 91% complete responses i.e. 53 complete responses out of 57. Here in Figure 9,
Figure 10 and Figure 11 we have shown the demographics of the respondents of the survey
that we asked in questions one and two of the survey in Table 8.

Middle manager
17%

Figure 9 - Survey: Job positions of survey respondents

Figure 10 - Survey: Geographic location of survey respondents
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Figure 11 - Survey: Working experience of survey respondents in SPI

Before asking the respondents for the three important SPI, success factors in their
perspective we wanted to know if their general experience with SPI was successful or
otherwise. We grasped their experience by asking them in question three of the survey in
Table 8; the extent to which they agree or disagree to the four success outcomes of an SPI
initiative they have had experience with. We wanted to know whether practitioners had:
delivered better quality products, noticed positive change to the company, shortened
product/service development time (time to market) or increased customer satisfaction as a
result of SPI. Figure 12 shows the experience of survey respondents with SPI initiative in
terms of these four outcomes.

80%
70%
60% ® Delivered better quality
products
50%
O Noticed a positive change in
40% company
30% B Shortened development time for
products or services
20%
M Increased customer satisfaction
10%
0%
Yes No Tosome Tosome |donot
extent yes extentno  know

Figure 12 - Survey: SPI experience of respondents with respect to SPI success outcomes

It is clear from Figure 12 that the majority of responses were in affirmation to these
outcomes. Out of these approximately 70% respondents responded in affirmation to the
outcome of the better quality of products. However, some of the respondents indicated an
unsuccessful SPI experience. For example, 26% respondents indicated that the target of
shorter time to market was not achieved after SPI initiative. These results indicated that we
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had captured both the successful and unsuccessful SPI initiative experience of the 53
respondents. We had anticipated by asking this question three of the survey in Table 8 that
the positive or negative SPI experience of survey respondents will be reflected while
reporting three SPI success factors later in the survey. This would lead us to those hidden
factors behind the success or failure of the SPI initiative. Our anticipation was successful
when we found success factors especially for the unsuccessful SPI initiatives that we will
describe in section 5.2. With positive or negative SPI experience along with the next sections
5.2, 5.3 and 5.4, we were able to find the current state-of-practice of SPI success factors.

Summary:

All respondents were aware of the factors that influence the success of SPI initiative
despite of their varying SPI experiences, different job positions and geographical
backgrounds. It is also interesting to note that most of the respondents had successful
experience with SPI initiatives.

5.2 SPI success factors found in industry

RQ2.1: What success factors are reported in the survey?
RQ2.2: What success factors found in RQ2.1 are the most important ones depending on
the frequency in the survey?

In order to find the current state-of-practice, we asked respondents to provide us with
three important success factors of SPI initiative in question four of the survey in Table 8. In
response to this question, we got 159 success factors, reported by 53 respondents. One
respondent specified only one factor instead of three, thus we worked with the remaining 157
success factors for the analysis.

Interestingly we were able to group the SPI success factors reported by the practitioners
into the same categories as we did for SPI success factors discovered from the systematic
review in section 4.2. We used the same grouping strategy to group success factors due to
the same perception of SPI success factors categories’ definitions among the practitioners
and researchers. We provided practitioners with some of the definitions from systematic
review in question seven of the survey in Table 8 to assess the degree of agreement. The
majority of the respondents responded in affirmation to the definitions. Figure 13 depicts the
same perception of definitions of SPI success factors categories among practitioners.
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70%

60%

50%

40%

30%

20%

10%

I strongly | disagree to |Idonotknow Iagreeto | agree I strongly I do not
disagree  some extent some extent agree understand

B Management commitment is about providing necessary resources and ensuring everyone's involvement to
support improvement programme.

= Active participation is about the contribution, cooperation and active engagement of people involved in
implementing the improvement effort.

H Organization has to be supportive, flexible and ready to accept changes in terms of its structure, culture and
environment.

B Support of tools and technology is essential for the successful improvement effort.

= Documents related to the improvement effort should be created, maintained and updated on a regular basis.

= Improvement effort's planning and monitoring is not as important as making people aware of the improvement
effort.

= Allocating staff time and resources is about adding workload to regular schedules without providing additional
resources.

Figure 13 - Survey: Respondents affirmation to definitions of SPI success factor categories.

Figure 13 shows that the majority of the respondents agreed to the definitions we provided
them from our systematic review. Therefore, we can conclude that practitioners have the
same understanding of success factor categories as it is in the research community. Thus, we
grouped all 157 success factors into unique 31 success factor categories the same way as we
did for the systematic review and reported their corresponding frequencies in Table 18.
InTable 18, we have separated 15 most important success factor categories by a thick line.
These 15 most important success factor categories cover 81% of all SPI success factors
reported by practitioners.

Table 18 - Survey: Success factor categories and their corresponding frequency

Number of respondents
Category | Ranked reporting the
number | order SIGEESS [FIRT E2BR0IT) Frequency corresponding success
factor category
1 REVIEWS AND QUALITY 16 14
2 ORGANIZATION 14 13
3 COMMITMENT 12 12
4 3 IMPROVEMENT RELATED 12 10
FACTORS
5 DEPLOYMENT AND 10 10
4 IMPLEMENTATION
STAFF, TIME AND RESOURCES 10
5 PROCESS SPECIFIC FACTORS
8 6 PROJECT MANAGEMENT
(CONTROL, MONITOR, PLAN)
9 7 MEASUREMENT, METRICS AND 7 6
ASSESSMENT
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Number of respondents
number | order | Suecessfacto category Freauency | (o0 onding success
factor category
10 SPI GOALS/OBJECTIVES 6 6
11 8 CUSTOMER, SUPPLIER 6 6
12 9 PEOPLE RELATED FACTORS 5 5
13 ADAPTABILITY/ACCEPTANCE TO 4 4
CHANGE
14 COMMUNICATION 4 4
15 10 PARTICIPATION AND 4 4
INVOLVEMENT
16 EXPERIENCE, COMPETENCE, 4 4
SKILLS
17 GUIDANCE AND MORAL SUPPORT 4 4
18 TRAINING 3 3
19 1 INNOVATION/IDEA/EXPLORATION 3 3
20 AWARENESS 2 2
21 ROLES AND RESPONSIBILITIES 2 2
22 12 DOCUMENTATION 2 2
23 KNOWLEDGE/LEARNING 2 2
24 PAT, SEPG TEAM 1 1
25 CULTURE 1 1
26 LEADERSHIP 1 1
27 RESPECT 1 1
28 13 TAILORING 1 1
29 VISION 1 1
30 REWARD 1 1
31 TOOLS 1 1
Total 157

We have observed in Table 18 that the most frequently mentioned success factor category
is “Reviews and Quality”. 14 respondents out of 53 mentioned this success factor category
with a total frequency of 16. The success in SPI from a practitioner’s point of view lies in
conducting regular peer reviews/walkthroughs to assure the quality of the process
undergoing the improvement. Thus, it can be inferred that in a practitioner’s perspective,
reviews are the foundation for the success in SPI. It means that respondents emphasize
prevention in early stages of the development cycle instead of correction of defects in later
stages [21].

As mentioned earlier, we asked the respondents about their positive or negative
experience in question three of the survey in Table 8. 17% of respondents with successful
experience responded in affirmation to the outcome of delivering better quality of products.
We have found later in question four of survey in Table 8 that “Reviews and Quality” is
indeed the most important success factor category among practitioners. However, 7% of
respondents with unsuccessful experience indicated that the outcome of shorter time to
market was not achieved after SPI initiative. We have found that the success factors
mentioned by these respondents were mostly related to the inadequate time they got for the
SPI initiative. Such factors turned out to be barriers i.e. the factors, which if not treated
properly, will result in the failure of SPI initiative. In Table 18 we have also observed that
“Staff, time and resources” is the fourth most important success factor category. These
findings conformed to the other findings of our survey and also reflected the results of
positive or negative SPI experience of practitioners as anticipated.
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Summary:

The important success factor category based on frequency is “Reviews and Quality”.
Due to the close proximity of frequencies one should consider a set of the most
important success factor categories for a successful SPI initiative, such as
“Organization”, “Commitment”, and “Improvement related factors”. Another
interesting finding is that researchers and practitioners have the same perception
regarding the definitions of success factor categories.

5.2.1 SPIl success factors and varying SPl experience of
practitioners

RQ2.2.1: Do SPI success factors found in RQ2.2 differ in relation to varying
experience of practitioners in SP1?

For finding the current state-of-practice of SPI success factors, the varying SPI experience
of the practitioners was another aspect to analyze. We captured the SPI experience of the
practitioners in question two of the survey in Table 8. In Table 19 we summarize the
frequencies of SPI success factor categories with respect to SPI experience of practitioners.

Table 19 - Survey: 15 most important SPI success factors and varying SPI experience of survey

respondents

SPI success factor frequencies among different groups of practitioners
Success factor category 1-3 3-6 6-9 9-12 | 1215 15 years and
fame years years years years | years more
REVIEWS AND QUALITY 10 3 1 2 0 0
ORGANIZATION 5 0 2 1 1
COMMITMENT 4 2 1 1 2
IMPROVEMENT RELATED 7 1 0 0 0
FACTORS
STAFF, TIME AND 2 1 0 1 2 4
RESOURCES
DEPLOYMENT AND 2 2 4 0 1 1
IMPLEMENTATION
PROCESS SPECIFIC 5 1 2 1 0 0
FACTORS
PROJECT MANAGEMENT 2 4 0 1 1 0
(CONTROL, MONITOR,
PLAN)
MEASUREMENT, 1 3 1 1 1 0
METRICS AND
ASSESSMENT
SP1 GOALS/OBJECTIVES 3
CUSTOMER, SUPPLIER
PEOPLE RELATED 3 1 0 0 0
FACTORS
EXPERIENCE, 1 0 1 0 1 1
COMPETENCE, SKILLS
ADAPTABILITY/ACCEPTA 4 0 0 0 0 1
NCE TO CHANGE
GUIDANCE AND MORAL 2 1 0 0 0 1
SUPPORT
COMMUNICATION 2 1 1 0 0 0
PARTICIPATION AND 1 2 1 0 0 0
INVOLVEMENT
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We have observed from the last row of Table 19 that respondents up to 6 years of SPI
experience reported altogether 67% of 157 success factors. In the last row of Table 19
respondents with nine years and above of SPI experience reported altogether 22% of 157
success factors.

Moreover, we have seen that the most important success factor category among
practitioners up to six years of SPI experience is “Reviews and Quality”. Practitioners up to
six years of experience in SPI mentioned it 13 times. After looking at the definition of this
success factor category in section 4.3, we have found it to be more process related.
Therefore, we think these practitioners emphasized the technological and engineering aspect
of a product or service that undergoes SPI initiative.

For very experienced group of practitioners i.e. with nine years and above of SPI
experience, “Staff, time and resources” is the most important success factor category.
Looking at Table 19 row 6 columns 5, 6 and 7 respectively we can see that they mentioned
this success factor category 7 times. By looking at the definitions of this success factor
category in section 4.3, we have found it to be more management related. This may mean
that practitioners with a lot of SPI experience pay more attention to the management of SPI
initiative, that is why, provision of resources and staff came first in their perspective.

Summary:

We can conclude that every practitioner group carries some perspective about SPI
success factors. However, the importance of SPI success factor category varies with
the varying SPI experience of practitioners. The more SPI experienced practitioners
consider management related factors to be more important than process related ones
and vice versa. As experience of practitioners in SPI grows they tend to change their
views regarding the success of SPI initiative and so do the success factors behind SPI
initiative change in the level of importance.

5.3 Relationship of SPI success factors and SPI
frameworks

RQ2.3: Do SPI success factors found in RQ2.2 differ in relation to what SPI
framework is used?

For validating the findings of the relationship between SPI success factors and SPI
frameworks found in the systematic review, we also investigated the same relationship
through the industrial survey.

In pursuit of finding a relationship between SPI success factors and SPI frameworks, we
asked respondents to provide us with SPI framework, which they had used in their last SPI
initiative in question five of the survey in Table 8. Table 20 shows SPI frameworks we
provided in our survey.
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Table 20 - Survey: SPI frameworks in survey

SPI frameworks provided to the respondents SPI framework specified by
SPI1 frameworks chosen by the SPI frameworks not chosen ‘r‘espon(’j’ents I Eeleliene] e
respondents by the respondents Other
CMMI Bootstrap 1SO, Six Sigma, ITIL
Combination of frameworks COBIT ITIL
I do not know IDEAL SCRUM
1SO 9001:2000 ISO/IEC 12207 Mootools and own developments
CMM ISO/IEC 15504 MSFT
TicklT MOF 1SO 27001
1SO 9000 series P-CMM Scrum Process
PMBOK PDCA (PDSA) Six Sigma
Six Sigma QIP 1S09001, PMBOK and IDEAL
SEI PSP Agile & COBIT
SEI TSP CMMI, P-CMM, ISO 9001 and
27001
SPICE ISO 27001 (Information Security
Management System)
SPIRE Scrum Methodology
SW-CMM
SWEBOK
TQM
Trillium
Bootstrap
COBIT
IDEAL
ISO/IEC 12207
ISO/IEC 15504
MOF
P-CMM
PDCA (PDSA)
QIP

In first two columns of Table 20 we provided a list of options that respondents could
choose from. Apart from SPI frameworks that we used from Jacobs [1] we additionally
provided options of “Combinations of frameworks” and “I do not know”. We provided these
two options for those respondents who had worked either with more than one SPI framework
or were not aware of any SPI framework in their SPI initiative respectively. However,
column 1 of Table 20 shows all those SPI frameworks that were chosen by the respondents
and column 2 shows all those SPI frameworks that were not chosen by any of the
respondent.

Moreover, we also provided respondents with an additional field “Other” to supply any
SPI framework not available in the options from columns 1 and 2 of Table 20. The SPI
frameworks that respondents specified in additional field are shown in column 3 of Table 20.
In total, respondents reported 18 either single or combinations of SPI frameworks. Although,
the additional field “Other” was intended for respondents to supply any SPI framework not
available in the options as seen in column 1 of Table 20, yet a few respondents did not
interpret it correctly. For example, they chose “Combination of frameworks” from the given
options as seen column 1 of Table 20 but used this field to supply with what the
combinations were in their applied frameworks. Due to this reason, we found some SPI
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frameworks with only a small frequency of reported success factor categories we decided to
group them as shown in Table 21.

Table 21 - Survey: SPI frameworks grouping

Corresponding Corresponding
SPI1 framework Frequency of number of
success factors respondents

1| CMM 6 2

2 | CMMI 39 13

Group 1 CMM and CMMI 45 15
3 | CMMI, Agile & COBIT 3 1

4 | CMMI, ISO 27001 6 2

5 | CMMI, ISO, Six Sigma, ITIL 3 1

6 | CMMI, 1ISO9001, PMBOK and IDEAL 3 1

7 | CMMI, ITIL 3 1

8 | CMMI, MSFT 3 1

Group 2 CMMI and others combined 21 7
9 | CMMI, P-CMM, ISO 9001 and 27001 3 1

10 | Combination of frameworks 33 11

14 | Mootools and own developments 3 1

15 | PMBOK, Six Sigma 1

Group 3 Combination of frameworks 42 14
11 | I do not know 22 8

Group 4 Unknown 22 8
12 | 1SO 9000 series 3 1

13 | 1SO 9001:2000 12 4

Group 5 1SO 9000 series, 1SO 9001:2000 15 5
16 | SCRUM 3 1

17 | Six Sigma 1

18 | TickIT 2

Group 6 Other 12 4

The grouping is described as follows:

e Group 1:“CMM and CMMI”: We had a few success factors reported with respect to
CMM so we combined it with CMMI since CMMI integrates several CMM models
including CMM.

e Group 2:“CMMI and others combined”: There were 13% of all respondents, who
made their first choice as “CMMI” and then provided several framework names
additionally in the “Other” field. Such responses were gathered under this group.

e Group 3:“Combination of frameworks”: In this group, we gathered those
respondents who first chose option “Combination of frameworks” and then provided
us with specific but several frameworks in the “Other” field. For example, PMBOK
and Six Sigma.

e Group 4:“Unknown”: Respondents who chose option “I do not know” were
gathered under this group.

e Group 5:“ISO 9000 and ISO 9001, 2000 series”: Respondents who chose “ISO
90007 series or “ISO 9001:2000” were gathered into this group.

e Group 6: “Other”: Respondents who wrote SPI framework in the additional field
“Other” for frameworks not available in the survey options of column 1 of Table 20
were placed in the group “Others”. All such frameworks are presented in column 3
of Table 20.

As a result, we had six groups of SPI frameworks presented in Table 22 along with their
corresponding 15 most important success factor categories and frequencies. The complete
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results for 31 success factor categories and SPI frameworks can be found in Appendix 10.4
Table 38.
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Table 22 - Survey: Frequency of the 15 most important success factor categories among SPI frameworks
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IMPROVEMENT RELATED 0] o 0o o] ol o o 2 1] 1 ol 1 1] 0] o
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COMMUNICATION 0l 0| o
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We have observed in Table 22 columns 18, 21 and 25 that many success factor categories
were related to “Unknown”, “ISO 9000 series with ISO 9001:2000” and “Other” SPI
frameworks but only a few times. For that reason it was not possible to find most important
success factor categories for these framework groups. For the rest of the SPI framework
groups we found the most important success factor categories.

We have also observed in the last row of Table 22, columns 5 and 17, that the majority of
the success factors were related to either “CMM, CMMI” or “Combination of frameworks”
making 29% and 27% of the total success factors respectively.

In Table 23 we have presented the comparison of ranked order of the success factor
categories among different SP1 framework groups.

Table 23 - Survey: Ranked order of thel5 most important success factor categories among different

SPI1 frameworks

Success factor category name CMM, CMMI e Gl a’.‘d other
frameworks combined

COMMITMENT 1 1

IMPROVEMENT RELATED FACTORS N/A

DEPLOYMENT AND 3 3 3

IMPLEMENTATION

MEASUREMENT, METRICS AND

ASSESSMENT 4 4 NIA

GUIDANCE AND MORAL SUPPORT 5 3 3

PEOPLE RELATED FACTORS 6 5 N/A

STAFF, TIME AND RESOURCES 2 1

ORGANIZATION 5

TRAINING 7 4 N/A

EXPERIENCE, COMPETENCE, SKILLS N/A

SPI GOALS/OBJECTIVES 5 3

PROJECT MANAGEMENT (CONTROL, 1 2

MONITOR, PLAN)

REVIEWS AND QUALITY 8 4 N/A

PARTICIPATION AND INVOLVEMENT 3

ADAPTABILITY/ACCEPTANCE TO

CHANGE N/A N/A

Note: All the boxes marked with “N/A” in this table means there is no rank available due to zero frequency of the

corresponding success factor category

By looking at Table 23 we can find the following:

1. “Commitment” is the most important success factor category in “CMM, CMMI”

3.

and “CMM and other combined” but it is the least important in “Combination of
frameworks”. However, “Improvement related factors” is the second and
“Measurement, metrics and assessment” fourth most important to “CMM, CMMI”
and “Combination of frameworks” frameworks. In practitioners’ view, for CMM,
CMMI or combinations of frameworks, buy-in and commitment comes first in
ensuring the success of SPI, but it is also important to collect metrics and perform
regular assessments of the SPI effort. As for the effort itself, the SPI effort should
be implemented in iterative and incremental way to be a successful project.

“Project Management (Control, Monitor, Plan)” is the most important success factor
category in “Combinations of frameworks”, second most important in “CMM and
other combined” but it is among the least important ones in “CMM, CMMI”.
“Deployment and Implementation” is third most important to “CMM, CMMI”,
“CMM and other combined” and “Combination of frameworks”

The majority of the success factors in Table 22 i.e. 29% and 27% of all success factors
were related to “CMM, CMMI” or “Combination of SPI framework™ respectively. We
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decided to analyze SPI success factor categories with respect to the ranked order of these two
framework groups only. The rest of the reported SPI frameworks did not have enough
success factor categories related to them for further analysis. The analysis of “CMM,
CMMTI” framework group comes in a later section 5.3.1.

Table 23 evidently shows that the second most reported SPI framework was
“Combinations of frameworks”. The reasons why we gathered so many factors related to this
group can be among the following:

e SPI initiative has several goals that cannot be achieved by applying only one SPI
framework.

e Practitioners have worked concurrently on several SPI initiatives that required
different SPI frameworks.

e During the implementation of SPI initiative, the requirements to SPI framework
might have evolved and at some point practitioners might have realized that they
need another SPI framework.

e Respondents did not read the question carefully in survey and simply reported all
SPI frameworks they have had experience with. However, they were asked to
choose an SPI framework from their last improvement initiative.

Summary:

Practitioners tend to use CMM, CMMI or a combination of frameworks to achieve
success in a SPI effort. However, the biggest part of respondents applied a
combination of frameworks. For the implementation of a successful CMM or CMMI
based SPI initiative practitioners consider commitment, measurement, and
incremental approach to SPI effort as crucial.

5.3.1 Relationship of “CMM and CMMI” success factor categories
and CMMI model key components

RQ2.3.1: Do SPI success factors related to “CMM and CMMI” found in the survey
also relate to CMMI model key components?

In order to understand why certain success factor categories e.g. “Commitment”,
“Improvement related factors”, “Deployment and Implementation” and ‘“Measurement,
metrics and assessment” were reported among the most important ones with respect to
“CMM and CMMI” SPI frameworks; we analyzed CMMI framework. Since CMMI is an
integral framework for the CMM based family of frameworks, we decided to look closely at
this framework.

CMMI framework has different goals, best practices and process areas [1]. As we can see
in Table 24, the CMMI model consists of five levels with key process areas and four main
categories. Each process area has specific defined goals for the improvement. There are
specific practices to achieve specific goals. Process areas are grouped into the following four
main categories:

1. Project Management: This category has process areas that are related to project
management e.g. project planning, controlling, or integrating teams and supplier
management.

2. Support: This category has process areas that are related to process and product
quality, configuration management and others.

3. Process Management: This category has process areas that are related to
organizational training, innovation, deployment and others.

4. Engineering: This category has process areas that are related to requirements
development, verification, validation, technical solution and others [1].

Out of the 15 most important success factor categories related to “CMM and CMMI”
framework in Table 23, we could relate nine success factor categories to the main categories,
process areas, specific goals and practices of CMMI framework [1] as provided in Table 24.
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The rest of the success factor categories for example “Guidance and moral support” and
People related factors” could not be related to any of the specific goals or practices. The
reason can be that either these categories are of a general nature or they are indirectly related
to many specific goals of CMMI.
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Table 24 - Survey: Mapping of “CMM, CMMI” success factor categories to CMMI framework components.

Success factor category name CMMI level CMMI process area CMMI Specific goal CMMI Specific Practice CMMI  Main
Category
Eﬂe;nl;'rzmzzt; Manage Requirements Obtain commitment to requirements Engineering
COMMITMENT Level 2 - Managed g - - -
. . Obtain commitment to . . Project
Project Planning Obtain plan commitment
the plan Management
Determine process-
improvement Identify the organization's process improvements.
Organizational process opportunities
IMPROVEMENT RELATED Level 3 -Defined focus Plan and_ implement Incorporate process related experiences into the organizational Process
FACTORS process-improvement Management
L process assets
activities
Organizational process Establish organizational Establish standard processes. Establish tailoring criteria and
definition process needs guidelines. Establish organization asset library
Align measurement and Establish measurement objectives. Specify measures. Specify data
MEASUREMENT, METRICS Level 2- Managed Measurement and analysis activities collection and storage procedures. Specify analysis procedures. Subport
AND ASSESSMENT 9 analysis Provide measurement Collect and analyze measurement data. Store data with results and PP
results communicate results.
Organizational process Plan and implement Implement process action plans. Deploy organizational process
Level 3 -Defined foc%s P process-improvement ass?ets P plans. Deploy org P
DEPLOYMENT AND activities ) Process
IMPLEMENTATION Organizational Management
Level 5 - ) - . R .
Optimizi innovation and Select improvements Pilot improvements. Select improvements for deployment
ptimizing
deployment
Level 4 - Quantitative project Quantitatively manage
SPI GOALS/OBJECTIVES ﬁzﬁgtlglvely management the project Establish the project's objectives. Project
EXPERIENCE ’ Establish team Management
COMPETENCE, SKILLS Level 2 - Managed Integrated teaming (IPD) composition Identify needed knowledge and skills
Establish an Establish the strategic training needs. Determine which training
organizational training needs are responsibilities of organization. Establish an Process
TRAINING Level 3 -Defined Organizational training capability organizational training tactical plan. Establish training capability.
- - — - — — Management
Provide necessary Deliver training. Establish training records. Assess training
training effectiveness.
Level 2 - Managed Project Planning Obtain commitment to Reconcile work and resources. Project
STAFF, TIME AND the plan Management
RESOURCES . Manage people for Establish mechanism to balance team and home organization
Organizational . B L
] . integration responsibilities.
Level 3 -Defined environment for Provide IPPD Support
integration (IPPD) infrastructure Establish an integrated work environment
ORGANIZATION Protect
Level 2- Managed Integrated teaming (IPD) | Govern team operation Establish a team charter. Establish operating procedures. MaJn agement
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As we can notice from Table 24 some of the success factor categories were related to
more than one main categories of CMMI. For example, “Staff, time and resources” is related
to both “Project Management” and “Support”. “Commitment” is related to “Project
Management” and “Engineering” main categories. Since “Project Management” was mapped
by four success factor categories, it may mean that on a large extent success of CMMI-based
SPI initiative relies on the achievement of goals in the management area.

Concurrently, we have also analyzed success factor categories reported by the respondents
in relation to CMM and CMMI SPI framework in the light of their varying SPI experience.
In Table 25, we have presented practitioners’ SPI experience with success factor categories
and their corresponding frequency with respect to “CMM and CMMI” SPI framework.

Table 25 - Survey: 15 most important SPI success factors categories related to “CMM and CMMI”
SPI framework along with their frequencies and corresponding varying SPI1 experience of respondents

Success factors frequency among different groups of
practitioners

Success factor category name 1-3 3-6 6-9 9-12 12-15 15 years
years years years years years and more

COMMITMENT 0 2 1 1 1 2

IMPROVEMENT RELATED 2 3 1 0 0 0

FACTORS

DEPLOYMENT AND 0 1 0 0 1 1

IMPLEMENTATION

GUIDANCE AND MORAL 1 1 0 0 0 1

SUPPORT

PEOPLE RELATED 2 0 0 0 0 1

FACTORS

MEASUREMENT, METRICS 0 1 0 1 1 0

AND ASSESSMENT

EXPERIENCE, 0 0 0 0 1 1

COMPETENCE, SKILLS

STAFF, TIME AND 0 0 0 0 1 1

RESOURCES

ORGANIZATION 0 0 0 0 1

SPI GOALS/OBJECTIVES 0 0 0 1 0

TRAINING 0 1 0 0 0

Total 5 11 3 2 6 8

We have observed in Table 25 that “Commitment” is not only the most important success
factor category but it is reported by all groups of practitioners, except the ones up to three
years of SPI experience. We have also observed in Table 25 that experienced practitioners
with more than nine years of SPI experience have mentioned “Deployment and
Implementation”, “Measurement, metrics and assessment”, “Experience, Competence,
Skills”, and “Staff, time and resources” as the most important success factor categories.
Interestingly we were also able to map these categories mostly to “Project Management” and
“Engineering” categories of CMMI model in Table 24.

This explains the reason why these success factor categories are among the most
important ones. Based on the findings, we can say that success of SPI initiative for “CMM
and CMMI” SPI frameworks is concerned mostly with the set of success factor categories as
seen in Table 23 and supported by Table 24 with Table 25.
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Summary:

There is a strong relationship between SPI success factor categories provided by
practitioners and CMMI model’s main categories. SPI practitioners who implemented
SPI initiative by applying the CMMI model believe that success is achieved if we
emphasize on “Commitment”, “Deployment and Implementation”, ‘“Measurement,
metrics and assessment”, and “Improvement related factors”. In addition we were
able to map these categories to the four main categories of CMMI framework. These
mappings conform to the reported success factor categories related to CMM and
CMMI SPI frameworks by practitioners with SPI experience.
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5.3.2 SPI frameworks and varying SPI experience of practitioners

RQ2.3.2: Do SPI frameworks found in RQ2.3 differ across practitioners with respect to
their experience in SPI?

We have also analyzed which practitioners’ group chose what SPI frameworks in the light
of the varying SPI experience of practitioners in the survey. In Table 26 we show which
groups of practitioners have worked with what SPI frameworks.

Table 26 - Survey: SPI frameworks and varying SPI experience of practitioners

SPI framework group SPI1 experience, in years

1-3 3-6 6-9 9-12 12-15 15 and more
CMM, CMMI 4 4 1 1 2 3
CMMI and other combined 1 2 1 1 1 1
Combination of frameworks 7 5 1 0 1 0
Unknown 5 2 0 1 0 0
1SO 9000 series, 1SO 1 2 1 1 0 0
9001:2000
Total 20 16 5 4 4 4

Looking at Table 26 we have observed that five respondents i.e. 25% of respondents up to
three years of SPI experience did not know which SPI framework they used for SPI initiative
in their company. In contrast, only one highly experienced respondent with nine to 12 years
of SPI experience was not aware of which SPI framework he/she used for SPI initiative in
his/her company. Moreover, we have also noticed in Table 26 that all respondents with six to
nine years of SPI experience specified SPI frameworks in their responses. It means that
respondents with more SPI experience are more aware of SPI frameworks than those with
less experience.

From the results in Table 26, we have found that respondents with less than six years of
SPI experience have used different SPI frameworks to achieve the improvement goals. On
the other hand, only one experienced respondent with 12 to 15 years of experience specified
“Combination of frameworks”. It may mean that more experienced SPI practitioners use
specific SPI frameworks in their SPI initiatives.

Moreover, out of all experienced respondents with nine years and above, 50% mentioned
“CMM, CMMI” SPI framework” (Table 26, columns 5, 6 and 7). “CMM, CMMI”
framework was also mentioned by 22% of respondents up to six years of SPI experience.
The reason that “CMM, CMMI” frameworks are mentioned mostly by more experienced
respondents is that these frameworks require more experienced practitioners and company’s
maturity to implement them. For smaller companies, the achievement of certain “CMM,
CMMI” levels is challenging, that is why they prefer simpler, less demanding frameworks
[11].

Summary:

Some of the less experienced practitioners are less aware of which SPI framework their
companies use in SPI effort. We can also conclude that more experienced practitioners
have more working experience with CMM or CMMI framework in taking up the SPI
initiative. Moreover, smaller companies prefer simpler less demanding frameworks
over CMM, CMMI because for them the achievement of certain CMM level is
challenging [11].
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5.4 Relationship of SPI success factors and software
process areas

RQ2.4: Do SPI success factors found in RQ2.2 differ across participants in relation to
what software process area is under improvement?

In order to validate the findings of the relationship between SPI success factors and
software process areas found in the systematic review, we investigated the same relationship
through the industrial survey. We asked respondents to provide us with software process
areas, which they had worked with in their last SPI initiative in question five of the survey in
Table 8. Columns 1 and 2 of Table 27 show the options for software process areas we used
from SWEBOK [2] and provided in our survey.

We also provided the options of “Several areas of improvement”, “We improved practices
in general” and “T do not know” in column 1 of Table 27 additionally. These options were
provided for those respondents who had worked with more than one software process area or
took SPI initiative to improve in general or were not aware of any software process area in
their SPI initiative. Column 2 of Table 27 shows the mapping we used for the software
process areas names for our analysis.

Table 27 - Survey: Software process areas in survey

Software Process Areas provided in survey

Software Process Areas used in the analysis

Requirements

Software Requirements

Design Software Design
Code Software Construction
Testing Software Testing

Maintenance

Software Maintenance

Configuration Management

Software Configuration Management

Measurements

Software Engineering Management

Software Processes

Software Engineering Processes

Tools and Methods

Software Engineering Tools and Methods

Software Quality

Software Quality

Several areas of improvement

Combination of process areas

We improved practices in general

Improvement in general

| do not know

Unknown

15 most important success factor categories with respect to software process areas are
presented in Table 28. The complete results for 31 success factor categories and software
process areas can be found in Appendix 10.4 Table 39.
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Table 28 - Survey: 15 most important success factor categories and software process areas

REVIEWS AND QUALITY 16 0 0 2 0 0 0 1 1 2 0 4 6 0
ORGANIZATION 14 1 2 0 1 0 1 1 1 1 0 2 4 0
COMMITMENT 12 0 0 0 0 0 0 0 0 0 0 10 2 0
IMPROVEMENT RELATED FACTORS 12 1 0 0 0 1 1 0 0 2 0 7 0 0
DEPLOYMENT AND IMPLEMENTATION 10 0 0 1 0 0 1 0 0 0 0 6 2 0
STAFF, TIME AND RESOURCES 10 0 0 0 1 0 0 0 0 0 0 8 1 0
PROCESS SPECIFIC FACTORS 9 2 0 0 0 0 0 0 1 0 0 3 3 0
PROJECT MANAGEMENT (CONTROL, 8 1 0 0 0 0 0 0 0 1 0 3 3 0
MONITOR, PLAN)

MEASUREMENT, METRICS AND 7 0 0 1 0 0 0 0 0 0 0 5 1 0
ASSESSMENT

SPI GOALS/OBJECTIVES 6 0 0 0 0 0 0 0 0 1 0 3 2 0
CUSTOMER, SUPPLIER 6 1 0 1 0 0 0 1 1 2 0 0 0 0
PEOPLE RELATED FACTORS 5 0 1 0 0 1 0 0 0 0 0 1 2 0
ADAPTABILITY/ACCEPTANCE TO CHANGE 4 0 0 0 0 0 0 0 0 0 0 1 2 1
COMMUNICATION 4 0 0 0 0 0 0 0 0 0 0 1 3 0
PARTICIPATION AND INVOLVEMENT 4 1 0 0 0 0 0 0 0 0 0 2 1 0
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Looking at Table 28 we observed that “Software Quality” is the only software process
area that was never mentioned by respondents. On the other hand, “Reviews and Quality” is
the most frequent success factor category in Table 28 among all process areas, which may
seem a contradiction. Moreover, “Reviews and Quality” is most frequently mentioned by
“Combination of process areas” and “Improvement in general”.

Also by looking at the last row in Table 28 we observed that 40% of respondents
mentioned “Combination of process areas” while working with SPI initiative and 27% of
respondents improved practices in general i.e. they did not aim to improve a specific process
area. The majority of the respondents related their reported success factors categories to two
Software process area groups i.e. “Combination of process areas” and “Improvement in
general”. That is why we decided to analyze these two groups. We have presented the
frequencies and ranked order of the important success factor categories for “Combination of
process areas” and “Improvement in general” software process area groups in Table 29.

Table 29 - Survey: 15 most important success factor categories of software process areas
“Combination of process areas” and “Improvement in general”

Success factors categories among software process areas

Success factor category name Frequency Ranked order
Combination of | Improvement | Combination of | Improvement
process areas in general process areas in general

COMMITMENT 10 2 1 4
STAFF, TIME AND RESOURCES 8 1 2 5
IMPROVEMENT RELATED
FACTORS ! 0 3 NIA
DEPLOYMENT AND 6 2 4 4
IMPLEMENTATION
MEASUREMENT, METRICS 5 1 5 5
AND ASSESSMENT
REVIEWS AND QUALITY 4 6 6 1
PROCESS SPECIFIC FACTORS 3 3
PROJECT MANAGEMENT 3 3 7 3
(CONTROL, MONITOR, PLAN)
SPI GOALS/OBJECTIVES 3 2 4
ORGANIZATION 2 4 2
PARTICIPATION AND 2 1 8 5
INVOLVEMENT
PEOPLE RELATED FACTORS 1 2 4
COMMUNICATION 1 3 9 3
ADAPTABILITY/ACCEPTANCE 1 2 4
TO CHANGE
EXPERIENCE, COMPETENCE,
SKILLS 1 1 10 5

Note: The box marked with “N/A” in this table means there is no rank available due to zero frequency of the
corresponding success factor category

We observed the ranked order of the success factor category “Commitment” in Table 29.
It is the most important success factor category in “Combination of process areas” whereas it
is fourth most important in “Improvement in general”. Here in Table 29 we have seen that
“Reviews and Quality” is the most important success factor category in “Improvement in
general” software process area and is sixth most important in “Combination of process
areas”. On the contrary, practitioners did not mention “Software Quality” software process
area at all. Thus, we can claim that practitioners do not see “Software Quality” as an
independent software process area. Rather they treat it is as a factor influencing the success
of the SPI initiative which should be ensured in every software process area that undergoes
improvement.
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Moreover, by comparing the ranked order of “Combination of process areas” and
“Improvements in general” we wanted to figure out if respondents by choosing
“Combinations of process areas” meant whether they have deployed SPI initiative in order to
improve practices in general. We observed in Table 29 rows 7 and 8, columns 4 and 5 that
“Deployment and Implementation” together with “Measurement, metrics and assessment”
are equally important for both “Improvement in general” and “Combination of frameworks”.
However, if we look at their corresponding frequencies in Table 29 rows 7 and 8, columns 2
and 3 respectively, they differ a lot. “Deployment and Implementation” was mentioned six
times in “Combination of frameworks” but twice in “Improvement in general”. In the same
way, “Measurement, metrics and assessment” was mentioned five times in “Combination of
frameworks”, but only once in “Improvement in general”. This analysis showed that
respondents who chose “Combination of process areas” did not mean to say that they
improved practices in general and vice versa.

Other than these, we found that “Reviews and Quality”, “Deployment and
Implementation”, “Staff, time and resources”, and “Commitment” are related to
“Combination of process areas” and “Improvement in general”. Their corresponding
frequencies in other software process areas are very low. This means practitioners associate
these factor categories with the success in improving several process areas or improve
practices in general though in different ranked order in their SPI initiative.

Summary:

Practitioners tend to either improve several process areas concurrently or improve
practices in general while taking up a single SPI initiative. From practitioners’ view, in
order to improve several software process areas concurrently, it is important to
consider “Commitment”, “Staff, time and resources” together with “Deployment and
Improvement” success factor categories. For those, who tend to improve practices in
general it is essential to pay attention to “Reviews and Quality”, “Organization”,
“Project Management (control, plan, monitor)” together with “Communication”.

Based on our results, it is also important to mention that practitioners do not consider
“Software Quality” as an independent software process area. They consider it as an
essential attribute of SPI that has to be ensured in every software process area that
undergoes improvement.
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5.4.1 Software process areas improvement and varying experience
of practitioners

RQ2.4.1: Do software process areas found in RQ2.4 differ across practitioners with
respect to their experience in SPI?

We have also tried to discover if different groups of practitioners improve different
software process areas in their SPI initiatives. Both the questions two and five of the survey
in Table 8 helped us exploring this aspect.

In Table 30 we have listed all software process areas reported by practitioners having
varying SPI experience.

Table 30 - Survey: Software Process areas and SPI experience of respondents

Respondents with SPI experience, given in years
Software Process Area 1-3 3-6 6-9 9-12 12-15 15 and

more
Software Requirements 3 0 0 0 0 0
Software Design 2 0 0 0 0 0
Software Construction 1 0 1 0 0 0
Software Testing 0 1 0 0 0 0
Software Maintenance 1 0 0 0 0 0
Software Configuration Management 0 2 0 0 0 0
Software Engineering Management 0 0 0 1 0 0
Software Engineering Processes 1 0 0 0 1 0
Software Engineering Tools and Methods 1 2 0 0 0 0
Software Quality 0 0 0 0 0 0
Combination of process areas 6 5 3 2 3 2
Improvement in general 4 6 1 1 0 2
I do not know 1 0 0 0 0 0
Total 20 16 5 4 4 4

Table 30 evidently shows in row 14 and column 2, that the only respondent who was not
aware of which software process area had undergone improvement turns out to be less
experienced, having up to three years of SPI experience. In Table 30 we have observed a
trend that in initial years of SPI experience practitioners improved specific software process
areas. These process areas were mostly related to the initial stages of the software
development life cycle e.g. “Software Requirements”, “Software Design” and “Software
Construction”,

As seen in Table 30, 38% of the respondents up to six years of experience have initiated
the SPI effort to improve specific software process areas. On the contrary, only 16% of the
respondents with nine years and above of SPI experience initiated SPI effort to improve
specific software process areas. As the experience grows, practitioners start to concentrate
either on the improvement of several software process areas concurrently or on improvement
in general.

Moreover, the process areas mentioned by the more experienced practitioners belong to
the later stages of the software development life cycle e.g. “Software Engineering
Management” and “Software Engineering Process”. There can be other explanations for this
trend. One possibility can be that their roles and responsibilities in the organization
demanded them to work either in one or several process areas. Other possibility can be that
with the growing experience practitioners start to see a broader picture of SPI. They realize
the success of SPI is actually associated with management activities. Thus, they concentrate
more on management related success factors than on process related. However, less
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experienced practitioners emphasize process related success factors more in their SPI
initiative for improving software process areas.

Summary:

Less experienced practitioners are more concerned with the improvement of main
phases of the development process like maintenance and testing. On the contrary, more
experienced practitioners emphasize the continuous improvement of the development
process by managing, measuring and assessing the activities in the development cycle.
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6 ANALYSIS OF SYSTEMATIC REVIEW AND
INDUSTRIAL SURVEY

In this part of the report, we have presented the comparison of results and analysis of both
systematic review and survey. Each subsection from section 6.1 to section 6.3 starts with a
relevant research question followed by its results then analysis and ends with a short
summary.

6.1 SPI success factors found in academia and iIn
industry

RQ3: Do SPI success factors found in RQ1.2 reported in the systematic review differ
from findinas reported in the survev?

The comparison of success factor categories reported by systematic review and survey
would lead us to know the difference between the current state-of-art and state-of-practice of
SPI success factors. In section 4.2 we were able to discover 558 success factors from 60
selected publications in systematic review. We grouped them in 31 unique success factor
categories in Table 9. On the other hand, in section 5.2 we were able to find 157 success
factors reported by 53 survey respondents. We grouped the 157 success factors from the
survey into 31 unique categories in Table 18, which were the same categories as listed in
Table 9. We applied the same grouping strategy in the survey as in the systematic review
because practitioners have the same understanding of success factor categories. This is
evident in Figure 13 where the majority of the respondents responded in affirmation to the
definitions we provided them from our systematic review results in section 4.3.

Though the categorization of success factors was the same in both the phases of our thesis
project, yet the 31 success factor categories reported in both phases of our thesis project
appear slightly different in their order of importance.

We compared the 15 most important success factor categories discovered from systematic
review and the ones reported in survey in Table 31.We have found the difference in order of
importance by comparing their respective ranked orders.

Table 31 - Comparison of 15 most important success factor categories found from systematic review

and survey

Ranked order of success | Ranked order success
Success factor category name factor categories in | factor categories in

Systematic review Survey
PARTICIPATION AND INVOLVEMENT 1 10
IMPROVEMENT RELATED FACTORS 2 3
STAFF, TIME AND RESOURCES 3 4
ORGANIZATION 4 2
COMMITMENT 3
PROJECT MANAGEMENT (CONTROL, 5 6
MONITOR, PLAN)
PEOPLE RELATED FACTORS 9
DEPLOYMENT AND IMPLEMENTATION 6 4
EXPERIENCE, COMPETENCE, SKILLS 7
MEASUREMENT, METRICS AND 7
ASSESSMENT 8
GUIDANCE AND MORAL SUPPORT
SP1 GOALS/OBJECTIVES 9 I
REVIEWS AND QUALITY 10 1
ADAPTABILITY/ACCEPTANCE TO CHANGE 11 10
TRAINING
PROCESS SPECIFIC FACTORS 5
CUSTOMER, SUPPLIER 8
COMMUNICATION 10
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Note: All the empty boxes in this table show that the rank of the corresponding success factor category does not
come in the 15 most important success factor categories

Results in Table 31 indicate the following commonalities and differences among the 15
most important success factor categories found from systematic review and survey. The
following are commonalities:

It is interesting to note in Table 31 that 12 out of 15 success factor categories are
reported most important commonly in both the systematic review and survey. Figure
14 and Figure 15 show the distribution of success factor categories in systematic
review and survey respectively with respect to their ranked orders.
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Figure 14 - The distribution of success factor categories (SFC?) in systematic review
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Figure 15 - The distribution of success factor categories (SFC) in survey

From Figure 14 and Figure 15 we have observed in general that the ranked order of
15 most important success factor categories in both cases shows a similar pattern.
Success factor categories like “Improvement related factors”, “Staff, time and
resources”, “Project management”, “Deployment and implementation” are among
the six most important ones in both systematic review and survey.

The differences are as follows:

Although, the majority of the success factor categories that are considered, as the
most important ones are the same according to both practitioners and researchers,
but their ranked order slightly differs. For example, “Participation and Involvement”

3 SFC — Success factor category. The number next to SFC corresponds to the ranked order of a success factor category
taken from Table 31
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is the most important success factor category among researchers but with respect to
practitioners, it is ranked as tenth most important one. Similarly, “Reviews and
Quality” is the most important success factor category among practitioners but it is
ranked tenth among researchers.

e Moreover, looking at Table 31 rows 10, 12 and 16 respectively, we have observed
that “Experience, Competence, Skills”, “Guidance and moral support” and
“Training” are considered important among researchers. However, they are not
ranked among the 15 most important success factor categories among practitioners
therefore rows 10, 12 and 16 in column 3 are left blank. Similarly, “Process Specific
Factors”, “Customer, Supplier” and “Communication” were considered among most
important ones from practitioner’s perspective, whereas in literature, researchers did
not count them among the most important ones. Therefore, in Table 31 rows 17, 18
and 19 in column 3 are left blank.

The consideration of the same success factor categories as the 15 most important ones
from both researchers and practitioners is an encouraging finding. This validates our findings
from the systematic review in two ways:

o Firstly, we asked respondents to specify the three important success factors in
guestion three of the survey in Table 8. After getting the responses from
respondents, we recorded the frequency of reported success factors and sorted them.
This sorted list of success factor categories turned out to be the same to the one we
found after conducting the systematic review.

e Secondly, we asked respondent’s agreement about the importance of a few SPI
success factors given in question six of the survey in Table 8. We provided
respondents with some statements regarding SPI success factors and asked
respondents to rate them with respect to the importance in their perspective. The
statements were taken from the most important success factor categories found in the
systematic review. We did not provide respondents with the exact names of success
factor categories in order to avoid any bias. We also designed the questionnaire in a
way so that question four and six of the survey in Table 8 appeared on different
pages i.e. we first asked respondents to provide with three SPI success factors and
after that asked them to rate the statements regarding SPI success factors. By this,
we avoided giving hints or ideas to respondents about the success factors. The
statements and their respective rating are depicted in Figure 16.
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Figure 16 - Respondent's rating of success factor importance
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Figure 16 evidently shows that 98% of the respondents reported in affirmation that
“Commitment at all organizational levels” and “Active participation of everyone involved”
are the most important factors. “Dedicating staff, time and resources” is extremely or
somewhat important to 96% of respondents. “Managing improvement effort (plan, control,
monitor)” and “Organization (structure, procedures, environment)” each got affirmation
from 92% of respondents for being important SPI success factors. “Tools and technology
support” was still important with respect to the 85% of respondents but not as important as
commitment or active participation. This conforms not only to the finding of SPI success
factors reported in the survey in section 5.2 where “Tools” comes among the less important
SPI success factor categories but also validates the findings of the systematic review in
section 4.2.

The success factors data we gathered from the survey is also supported by first asking in
guestion three of survey in Table 8 about the successful or unsuccessful experience of
practitioners and after that asking the respondents to rate statements regarding success
factors in question six of survey in Table 8. For example, the respondents who indicated an
unsuccessful experience with SPI initiative with respect to the time to market outcome in
guestion three of the survey in Table 8 also agreed strongly to “Dedicating staff, time and
resources” statement in question six of the survey in Table 8 while implementing an SPI
initiative. These ratings not only strengthen the results of the survey but also provided basis
for validation of the systematic review findings.

The ranked order of the most important success factor categories differs in systematic
review and survey results. In order to find the reasons why research and industry considered
different success factor categories as more or less important for the success of SPI, we
analyzed the results of Table 31 from another angle. We compared our findings of SPI
success factors categories from survey listed in Table 18 with the success factor categories
we discovered from publications specifically in an industrial context. In Table 32 we have
presented the comparison of ranked order of 15 most important success factor categories
reported in survey and those that discovered from publications in industrial context in
systematic review.

Table 32 - Comparison of 15 most important success factor categories found from selected
publication in industrial context and survey

Ranked order of success | Ranked order of

Success factor cateqory name factor categories in | success factor

gory systematic review- | categories in survey
industrial context

PARTICIPATION AND INVOLVEMENT 1 10

IMPROVEMENT RELATED FACTORS 2

STAFF, TIME AND RESOURCES 3 4

PROJECT MANAGEMENT (CONTROL,

MONITOR, PLAN) 4 6

ORGANIZATION 2

COMMITMENT 3

PEOPLE RELATED FACTORS > 9

DEPLOYMENT AND IMPLEMENTATION 4

GUIDANCE AND MORAL SUPPORT 6 NA
REVIEWS AND QUALITY 1
SPI GOALS/OBJECTIVES "
MEASUREMENT, METRICS AND ASSESSMENT

EXPERIENCE/COMPETENCE/SKILLS 10 N/A
ADAPTABILITY/ACCEPTANCE TO CHANGE 10
TRAINING 1 N/A
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Ranked order of success | Ranked order of
factor categories in | success factor
Success factor category name . . .
systematic review- | categories in survey
industrial context
PROCESS SPECIFIC FACTORS 5
CUSTOMER, SUPPLIER 8
COMMUNICATION 10

Note:
e  All the empty boxes in this table show that the rank of the corresponding success factor category does not come in the 15
most important success factor categories.

e All the boxes marked with “N/A” in this table means there is no rank available due to zero frequency of the corresponding
success factor category

While comparing success factor categories in Table 32 we have observed that 12 out of 15
success factor categories are reported most important by both publications in industrial
context in systematic review and survey, though in different ranked order. This again
correlates and validates our findings of Table 31. We have seen the same 15 factor categories
in both Table 31 and Table 32 are important to both systematic review and survey for the
success of SPI initiative and in a different ranked order.

Now looking at Table 32, we have observed that among the success factor categories
mentioned by publications in an industrial context the most important are e.g. “Participation
and involvement”, “Staff, time and resources”, “Commitment” and “Organization”. By
looking at the definitions of these success factor categories in section 4.3, we have found
them to be more of management related factor categories. On the other hand, among the
success factor categories in the survey the most important are e.g. “Reviews and Quality”,
“Process Specific factors”, “Improvement related factors” and ‘“Deployment and
implementation”. By looking at the definitions of these success factor categories in Section
4.3, we have found them to be more of process related factor categories.

This may mean that researchers in publications in an industrial context considered
management related factors categories more important, whereas practitioners considered
process related factor categories more important. The reason can be that researchers in
publications from an industrial context came across more experienced personnel/companies
who emphasized management related factors more. Moreover, the majority of the survey
respondents had less experience in SPI and they emphasized process related factors more
compare to management related factors.

This means that success factor importance differs with respect to the experience of
practitioners. The same can also be inferred from section 5.2.1, where we have seen that
practitioners with varying working experiences of SPI reported different success factor
categories important for success of SPl. More experienced practitioners considered
management related factors more important whereas less experienced practitioners
considered process related factors more important for the success of SPI initiative.

Therefore, we can infer that researchers must have consulted experienced practitioners
while finding SPI success factors and so we got different order of importance of success
factor categories reported by both researchers and practitioners in literature and survey
respectively. As the experience grows, the vision is also broadened and so does the
abstraction level. At a high level of abstraction, practitioners visualize a broader picture of an
SPI initiative. Therefore, more experienced practitioners considered management related
factors to be important more than process specific factors for the success of an SPI initiative.
On the other hand, less experienced practitioners did not seem to visualize on a higher
abstraction level and concentrate on specific issues of SPI. Therefore, they considered
process related factors to be more important than management related factors.
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Summary:

Out of the 15 most important success factor categories reported by both systematic
review and survey, 12 are found to be the same though in slightly different ranked order.
Factors like “Participation and involvement”, “Staff, time and resources”,
“Commitment” and “Organization” are rated among the most important ones for the
success of SPI initiative by both the phases of our thesis project.

We have also noticed that researchers are more abstract in their vision of SPI success
and tend to discuss success factors from a management perspective, whereas
practitioners are mostly concerned with success factors specific to SPI.
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6.2 Relationship of SPI success factors and SPI
frameworks found in academia and in industry
RQ3.1: Do SPI frameworks with their related SPI success factors found in

RQ1.4reported in the systematic review differ from findings reported in the survey
from RQ 2.3?

In order to explore the current state-of-art and current state-of-practice of success factors
in academia and industry we also wanted to compare the relationship of reported SPI success
factors to SPI frameworks from both phases of our thesis project. From the results in section
4.4 we were able to relate 384 out of 558 success factors to 23 SPI frameworks listed in
Table 11. We then grouped these 23 SPI frameworks in four groups as seen in section 4.4.
Success factors found from publications without any information of SPI framework were
assigned to an additional group i.e. “Not mentioned”.

Similarly, in section 5.3 out of 157 success factors reported in survey, respondents related
135 success factors to 18 SPI frameworks listed in Table 20. We then grouped these 18 SPI
frameworks in five groups as seen in section 5.3. Success factors reported by respondents
who did not know any SPl frameworks were assigned to an additional group i.e.
“Unknown”.

We have listed SPI frameworks groups in Table 33 column 1, their corresponding 23
frameworks in column 2, and frequency of related success factors in column 3, that we found
in systematic review. Similarly, we have listed SPI framework groups in Table 33 column 4,
their corresponding 18 frameworks in column 5, and frequency of related success factors in
column 6 that we found in the industrial survey.
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Table 33 - SPI frameworks, their groups and related success factors frequencies in systematic review and survey

Systematic review Survey
SP1 frameworks | SPI frameworks Frequency of related | SPI frameworks Groups | SPI frameworks Frequency of related
Groups success factors success factors

CMM CMM
CMMI CMM and CMMI CMMI 45
SW-CMM CMMI, Agile & COBIT
SW CMM Level 2 CMMI, ISO 27001

CMM-based SW CMM Level 3 117 CMMI, IS0, Six Sigma, ITIL
SW CMM Level 4 CMM!I and others CMMI, 1509001, PMBOK and 21

combined
IDEAL
SW CMM Level 5 CMMI, ITIL
CMM and CMMI CMMI, MSFT
1SO 9000 series SCRUM
SPICE Other TickIT 12
SPIRE Six Sigma
Six Sigma CMMI, P-CMM, ISO 9001 and
27001
IDEAL Combination of frameworks
PDCA (PDSA) Mootools and own developments
Other TQM 136 PMBOK, Six Sigma

ISO/IEC12207, 15504 and CMMI Combination of Combination of frameworks "
SPICE and IDEAL frameworks
Other
SIX SIGMA, CMM, 1SO 9000
Bootstrap, CMM, ISO and
PROFES
IDEAL and ISO/IEC 15545

1SO 9000 and 1SO 9000 and CMM a1 1SO 9000 series, 1SO 1SO 9000 series 5

CMM 1SO 9001 and CMM 9001:2000 1SO 9001:2000
Not mentioned Not mentioned 174 Unknown I do not know 22
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Unfortunately, we cannot compare all SPI framework groups with respect to success
factor categories discovered in academia and industry because we did different grouping of
SPI frameworks in both phases of our thesis project. For example, we found combinations of
SPI frameworks reported in both systematic review and survey. In the systematic review, we
had such combination of SPI frameworks with a very few number of success factors related
to them. Therefore, we combined them with frameworks, which were also mentioned only a
few times and named this group as “Other”. It is explained in the grouping strategy in section
4.4 and shown in Table 33 column 1. However, in the survey we assigned such combination
of SPI frameworks to a separate group of frameworks, i.e. “Combination of frameworks” as
explained in the grouping strategy in section 5.3 and shown in Table 33 column 4. Since
both groups contained different SPI frameworks, we could not compare and analyze them.

The following are commonalities we have observed in the analysis of our results with
respect to SPI frameworks:

e Interestingly, we have found in both phases of our thesis project that CMM family
SPI frameworks are widely used among both researchers and practitioners. Table 33
column 6 indicates that among practitioners CMM was the most frequently
mentioned framework family in the SPI effort. In the systematic review, according
to Table 33 column 1, we had 21% of all success factors related to “CMM-based”
framework group. The reason CMM family frameworks are widely discussed in
research and used in industry can be that these frameworks were developed by the
Software Engineering Institute (SEI) to support SPI effort. CMM-based frameworks
are recognized as one of the well-established standards for SPI in Software
Engineering. Another reason can be that in order to achieve better market positions
and attain customer loyalty; companies strive to reach CMM-levels as their business
goals [1].

e Similarly, in both academia and industry we had success factors that were not related
to any of SPI framework. In Table 33, last row column 3, we have observed that
31% of 558 success factors were not related to any SPI framework in systematic
review. On the other hand, in industry we observe a small number of success factors
i.e. 14% of 157 remains unrelated to any SPI framework group and were assigned to
group “Unknown” in Table 33 last row, column 6. As we mentioned earlier, there
can be many reasons for researchers in academia not to relate success factors to
frameworks however, we assumed they actually did not consider the success of SPI
is related to application of any SPI framework. Then we wanted to know what
factors researchers considered most important without relating them to any SPI
framework. The results in Table 13 showed ‘Participation and involvement”,
“Improvement related factors”, “Commitment”, “Project Management (Control,
Monitor, Plan)”, “Reviews and Quality”, and “Training” are among the most
important factor categories. In a researcher’s perspective, these success factor
categories in particular are actually important for the success of SPI initiative even if
they are not related to any SPI framework.

Since CMM family SPI frameworks have been found in both phases of our thesis project,
we wanted to know which success factor categories were related to CMM family of
frameworks. In Table 34 we have presented some of the success factor categories related to
“CMM, CMMI” framework group that we found through survey and “CMM-based”
framework group discovered through systematic review.
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Table 34 - Success factor categories for CMM-based frameworks in systematic review and survey

Ranked order of success factor categories
Success factor category

“CMM-based” in | “CMM, CMMI” in

systematic review survey
PROJECT MANAGEMENT (CONTROL, MONITOR, PLAN) 1 8
IMPROVEMENT RELATED FACTORS 2 2
REVIEWS AND QUALITY 3 8
MEASUREMENT, METRICS AND ASSESSMENT 4
COMMITMENT 4 1
DEPLOYMENT AND IMPLEMENTATION 3
PAT, SEPG TEAM 5
CULTURE

N/A
RESPECT 7
ROLES AND RESPONSIBILITIES
COMMUNICATION g 8
VISION
AWARENESS
N/A

DOCUMENTATION 9
LEADERSHIP
INNOVATION/IDEA/EXPLORATION 8
KNOWLEDGE/LEARNING N/A
PROCESS SPECIFIC FACTORS N/A 8
TOOLS N/A
Note: All the boxes marked with “N/A” in this table means there is no rank available due to zero frequency of
the corresponding success factor category.

As we can see from Table 34, both researchers and practitioners emphasized equally the
importance of “Improvement related factors”, “Measurement, metrics and assessment”,
“Communication”. Moreover, both researchers and practitioners did not report any success
factors in categories “Knowledge/Learning” and “Tools”. It may mean that these success
factors do not influence the successful implementation of SPI while working with CMM-
based frameworks.

The consideration of the same factors to be important for the success of SPI in survey
validated our findings from the systematic review. We were also able to relate important
success factor categories e.g. “Commitment”, “Improvement related factors”, “Measurement,
metrics and assessment”, “Deployment and Implementation” to CMMI framework key
components in section 5.3.1 and this further strengthen our findings.

Summary:

The most noticeable difference between results reported in research and industry, is that
practitioners relate their success factor categories to either specific SPI frameworks, or
their combinations. However, in academia, researchers mostly discuss SPI success
without considering SPI frameworks. Moreover, in both academia and industry CMM-
based SPI frameworks are widely used. “Commitment”, “Improvement related factors”
“Measurement, metrics and assessment” are considered as the most important success
factors related to CMM based family frameworks. We are also able to relate these
success factor categories to the key components in CMMI framework.
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6.3 Relationship of SPI success factors and software
process areas found in academia and in industry

RQ3.2: Do software process areas with their related SPI success factors found in RQ1.5
reported in the systematic review differ from findings reported in the survey from
RQ2.4?

For the profound analysis of current state-of-art and state-of-practice of SPI success
factors, we believed it was also necessary to discover the relationship between SPI success
factors and software process areas in both phases of our thesis project.

From the results in section 4.4 we could relate only 44% of success factors to seven out of
10 software process areas as shown in Table 14. The most mentioned software process area
in systematic review was “Software Quality”. For the improvement of this process area,
researchers considered ‘Participation and involvement”, “People related factors”, and
“Organization” important for the success of an SPI initiative.

66% of all success factors were not related to any of software process areas so we
assigned them to the group “Not mentioned”. In addition to that, we have also discovered in
the systematic review that the majority of success factors assigned to “Not mentioned”
process area group were mostly related to “ISO 9000/ISO 9001 and CMM” framework
group as seen in Table 17 in section 4.5.1.

From the results in section 5.4 we could relate success factors reported in the survey to all
software process areas shown in Table 27 except “Software Quality”. Looking at Table 28
we have found that most of the respondents initiated SPI either to improve several process
areas or to improve in general. For the improvement of “Combination of process areas”
practitioners considered “Commitment”, “Staff, time and resources” together with
“Deployment and Improvement” success factor categories important for the success of SPI
the initiative. For improving practices in general, “Reviews and Quality”, “Organization”,
“Project Management (Control, Monitor, Plan)” together with “Communication” were
reported essential to achieve SPI success by practitioners.

In Table 35 we have presented software process areas along with their related success
factor frequencies and percentages that we found through systematic review and survey.

Table 35 - Software process areas with their related success factor frequencies and percentages in
systematic review and survey

Systematic review Survey

Software process area

Frequency Percentage Frequency Percentage
Combination of process 40 7% 63 40%
areas
Not mentioned 367 66% 1 1%
Software Configuration 7 1% 6 4%
Management
Software Construction 24 4% 6 4%
Software Engineering 23 4% 3 2%
Management
Software Engineering 7 1% 6 4%
Process
Software Quality 64 11% 0 0%
Software Requirements 21 4% 9 6%
Software Testing 5 1% 3 2%
Software Design 0 0% 6 4%
Software Maintenance 0 0% 3 2%
Software Engineering 0 0% 9 6%
Tools and Methods
Improvement in general 0 0% 42 27%
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The results of the systematic review and the industrial survey show that academia and
industry have different perspective on the relationship between SPI success factors and
software process areas.

e “Software Quality” process area was not mentioned at all by respondents of the
survey and, on the contrary, they reported “Reviews and Quality” as the most
important success factor category with respect to improving practices in general as
seen in Table 29. On the other hand, “Software Quality” was the most frequently
mentioned software process area in the systematic review. However, “Reviews and
Quality” was not ranked as the most important success factor category in this
process area.

e By looking at Table 35, we can state that in academia, the majority of success
factors, 66% of all 558 extracted success factors, were not related to any process
area. On the contrary, in industry 72% of 157 practitioners related success factors to
either some specific or to several software process areas.

e As an evidence of the observation from Table 35, we found all process areas were
reported in industry except “Software Quality”. However, in research we had to
discard “Software Design”, “Software Maintenance”, and “Software Engineering
Tools and Methods” from the analysis because there were no factors related to
them.

e “Combination of process areas” was related to 40% of 157 success factors in the
survey and only 7% of 558 success factors in the systematic review. Moreover, in
the survey, we were also able to discover the relationship of SPI success factors and
software process areas with respect to practitioners’ experience in SPI. As we
discussed in section 5.4.1, practitioners with longer SPI experience improved
practices in general in their SPI effort, while less experienced improved several
process areas in their SPI effort.

Based on these differences, we can claim that researchers did not explicitly specify any
process areas that undergo improvements because they tend to investigate the early stages of
the SPI initiative. However, practitioners seemed to explicitly specify one or combination of
process areas. The resources and time required to implement SPI is demanding. Moreover,
software development models themselves can have a requirement to improve the whole
development process at once. Therefore, practitioners might have found it convenient to
concurrently improve several areas of software development life cycle. In addition,
practitioners visualized software quality more of an attribute than an independent process
area, which should be ensured in every software process area. That is why they did not report
this process area at all and considered “Reviews and Quality” as the most important success
factor category in general. Researchers also visualized software quality is an attribute but
irrespective of any software process area. That is why they considered “Participation and
involvement” more important compare to “Reviews and Quality”.

Summary:

Academia and industry reported different results with respect to software process areas.
Practitioners mostly improve several process areas in one SPI initiative to save time and
resources. As for researchers, they do not relate SPI success to specific software process
areas. Jacobs in his book [1], discusses the reasons why SPI initiatives fail. One of the
reasons is that it is hard to keep up the improvement spirit during the whole
implementation process. And it is very important to get buy-in from all involved parties
at the beginning of SPI [1]. Thus, we also believe that the reported success factors by
researchers are very vital at the kick off of SPI. In such cases, improving the process in
general is preferred over improving a specific process area.
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I VALIDITY THREATS

7.1 Internal Validity

In the following paragraph, we have discussed internal validity threats from the first phase
of our thesis project i.e. the systematic review.

Since we conducted a systematic review, it was expected to capture as much as possible
of all the available literature to avoid any bias to ensure the reliability of data. To avoid the
bias, both the participant researchers were involved in every step of the systematic review
execution. We performed the data extraction of the same pilot articles to ensure the same
level of understanding. The same procedure was performed to gain a common understanding
of the study quality assessment data. Upon finding any inconsistencies, we had discussion
session with our advisor for assistance. A “research bias” can be one of the threats in
conducting systematic review. It means that researchers can select publication based on their
expectations [13]. Inadequate conduct of the review is another threat to internal validity. To
overcome this threat we developed and followed a review protocol. Prior to conducting the
review we submitted a review protocol for peer reviewing.

Data extraction procedure was another potential threat to reliability of data we used in our
thesis project. We never tried to interpret the author’s writings. The devised criteria were to
look for words mentioned as “critical success factors” or “lessons learned” in the
publications. We searched for the factors mentioned clearly either in the table or in the
results of selected publications.

The procedure of combining success factors into categories in the systematic review was
also a potential threat to find the frequency and eventually the ranked order of the most
important success factor categories. To minimize this threat, we together were involved in
the categorization of SPI success factors. The initial literature review showed that it is a
common practice to group success factors based on their names. However, we grouped
success factors into categories not only based on their names, but we also considered
definitions and context of selected publications to make sure we did put factors in the right
category. The grouping of SPI frameworks was another threat to internal validity as it could
have affected the frequency of SPI framework groups. To avoid this threat we came to a
common decision to group SPI frameworks based on common features such as a common
framework or a small frequency. We consistently followed these specific criteria in both
systematic review and survey to make sure relevant SP1 frameworks come in same groups.
In the following paragraph, we will discuss internal validity threats for the second phase of
our thesis project i.e. survey.

During participation in the survey, the participants may mature (the accuracy of their
answers improves as they develop and increase their understanding) [57]. To address this
threat we have used different types of questions e.g. multiple choice, Likert’s scale and open-
end questions. Another threat related to participants of the study was that they might try to
guess that we were aiming to compare knowledge of SPI success factors from published
research to industry. To address this potential threat we did not disclose our main aim to
respondents prior to the survey.

We had also expected that some of the participants might refuse to fill in or leave the
guestionnaire incomplete. To address this threat, we sent invitation to a large number of
respondents keeping in mind that not all of them were going to answer questions until the
end of the survey. As for the characteristics (e.g. experience, knowledge, position in
company etc) of participants that could be a threat to internal validity, we solved this issue
by inviting practitioners from companies that have experience in SPI. In addition to sending
invitation to personal contacts who we knew have had SPI experience we sent invitations to
authenticated social networks who claim to have been working in SPI practices for long.
Despite their claim, we are not fully confident if the practitioners from these networks have
really had SPI experience or if they were only interested in SPI field. This can threat the
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validity of the results. To minimize this threat we asked respondents their experiences with
respect to both industry as well as SPI field. Moreover, web-survey has its own limitations
and we believe we could have improved the validity of the results if only we had time to
supplement the study with other data validation methods e.g. interviews.

In addition, participants may have misinterpreted the questions. For example, we asked
the respondents to provide us with framework and process area from their last improvement
effort but few respondents might have overlooked and provided us with all frameworks they
have had worked with. Similarly, we could not ask respondents to associate each success
factor with its corresponding SPI framework and process area due to the shortage of space.
Unfortunately, we could not mitigate this threat because we conducted an electronic survey.
However, we piloted our initial questionnaire on students at Blekinge Institute of
Technology to find out any drawbacks or weak parts of the questionnaire that could have
been confusing for respondents.

Piloting with student body could also have been a threat. To overcome this threat we
made sure the students have had the required knowledge of SPI prior to piloting. Since
students have had taken courses of process improvement, process modelling and project and
quality management. In addition to this, the students have had the prior working experience
in industry in related fields. With this information we hope we have had minimize this threat.

7.2  Conclusion Validity

The reliability of data extracted from the systematic review can be a threat to conclusion
validity. To overcome this threat we tested the data extraction forms in the pilot phase of the
systematic review.

The second threat can be the small number of companies we conducted the survey with.
Due to this small sample of population, we might not be able to generalize our analysis and
findings. This threat could have been overcome if we had much time and resources, and if
we could have managed to conduct interviews or other empirical methods in addition to
surveys.

7.3  External validity

The threat related to the small number of companies can be also an external validity
threat. It would not be honest to claim that the results of the study were definitely applicable
to the industry. However as said earlier, we believe we could have grasped more companies
if we had much time, resources and that if we could manage to conduct interviews or other
empirical methods in addition to surveys.

The publication bias in the systematic review was a threat to external validity. We already
raised the concern about the lack of publications on SPI failure factors. Due to the short time
constraints, we did not include studies on SPI failure factors in our systematic review. This is
a threat to generalize the findings of SPI success factors without considering failure factors.

7.4  Construct Validity

Due to the shortage of time, we only used one empirical method for validating our
findings i.e. survey. We believe our results would have been more generalizable if we could
collect more qualitative and quantitative data. Supplementing our research with other
empirical methods for validation e.g. industrial interviews or case studies would have
strengthened the results. Unfortunately, we could not overcome this threat and thus the
results may not be generalizable.
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8 CONCLUSION

With the help of the extensive effort made in our thesis project we have devised some
conclusions. The findings of the systematic literature review and their validation from
industry not only aided us in finding answers to our research questions but also revealed
some interesting aspects. We have discovered the 15 most important SPI success factor
categories, their relations to both the SPI frameworks and the software process areas in
academia as well as in industry. In academia, researchers widely conducted case studies or
interviews to grasp knowledge about SPI success factors. Selected publications mostly
discussed SPI success in general terms without formal definitions of SPI success factors and
usually did not relate them to SPI frameworks or software process areas.

We could not find sufficient formal definitions in publications instead; we found
explanations or relevant context of SPI success factors. With the help of these explanations,
we were able to create definitions for the most important SPI success factor categories in
section 4.3 and therefore have contributed to the body of knowledge. We further validated
these definitions in survey and it was encouraging to find that industry shared similar
perspective on these definitions.

We have found that in academia, researchers considered the cooperation and involvement
of everyone at all levels in the organization associated with SPI initiative important for its
success. In their opinion, success in SPI depends on more than one factor and thus one
should consider a set of factors for SPI to be successful.

The analysis of the SPI success factors in an industrial perspective showed that
performing reviews is considered most important. Although the opinion about the
importance of success factors differs in both academia and industry, yet the 15 most
important success factor categories reported by both were the same. Interestingly,
practitioners like researchers also think that it is important to consider a set of factors for SPI
initiative to be successful.

In both phases of our thesis project, we identified the relationship of success factor
categories and SPI frameworks. In academia, we found that researchers did not relate SPI
success factors to SPI frameworks. Success factor categories e.g. “Participation and
involvement”, “Improvement related factors”, “Project management (Control, Monitor,
Plan)”, “Reviews and quality” and “Training” were considered important for the success of
SPI but independent of SPI framework. On the other hand, in industry, practitioners mostly
related their most important success factor categories to either one or combination of SPI
frameworks. CMM based family of frameworks were mentioned by both academia and
industry. Success factor categories like “Commitment”, “Improvement related factors” and
“Measurement, metrics and assessment” were the most important related to this family of
frameworks, which were related to CMMI framework components as well.

We have also found the relationship between SPI success factors and software process
areas. In research, the majority of the success factors were not related to any specific
software process area. However, among the ones mentioned, “Software Quality” was the
most frequent. “Participation and involvement” was reported as the most important success
factor for this area. It seems researchers in academia concentrate on the management related
factors more than on process related factors regarding the success of SPI. Other than that, we
could not draw any strong relationship between software process areas and success factors.

In survey, practitioners mostly related SPI success factors to some specific process areas
except “Software Quality”. However, practitioners seemed to improve either practices in
general or several process areas concurrently. This may mean that practitioners visualize
“Software Quality” more as an attribute than an independent software process area and thus
want to ensure quality in every process area. That is why they reported “Reviews and
Quality” as the most important success factor category. From the results, we can infer that
researchers seem mostly concerned to improve SPI initiative in general as compare to
practitioners who seem to relate the success factors to some specific process areas that
underwent improvement in SPI.
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In our thesis project, we have also analyzed success in SPI with respect to practitioners’
experience in SPI. We have observed that less experienced practitioners emphasized on
process specific success factors while concentrating on improving specific process area in
their SPI effort. Whereas more experienced practitioners’ considered management related
success factors while concentrating on improving practices in general in their SPI effort.

87



9 LIMITATIONS AND FUTURE WORK

In this section, we present the limitations of our research and future directions.

9.1 Limitations

The results and conclusions of our research project can be generalized to some extent but
they do have limitations too. A generalizable conclusion while taking an SPI initiative is to
consider a subset of most important SPI success factors with respect to their SPI frameworks
(if they are related) as well as software process areas (if they are related) instead of
emphasizing only one or two SPI success factors. The concept of categorization of SPI
success factors can be generalized. It is useful for the organizations taking up SPI initiatives
as well as for researchers. It can guide SPI leaders in organization to figure out which factor
requires attention and how it can be dealt with. But some of the factors for which the authors
did not specify any explanations, we did their categorization based on our perception that we
developed after studying all the selected publications, yet this can be a threat. However, with
a time this categorization may require updating and as a result we can get even more refined
and unambiguous categories.

The definitions in section 4.3 may provide some initial guidelines to the body of

knowledge in order to develop an understanding of SPI success factors. Nevertheless,
research that is more extensive is required to find more formal definitions of SPI success
factors. Yet at present, it can still give a direction to others in order to discover some more
concrete and precise definitions of SPI success factors.
Due to the shortage of time, we could not conduct survey with practitioners for more than
two weeks time. Moreover, from the small number of population i.e. 53 respondents having
different positions with varying working experience of SPI, the results and conclusion may
not be generalized. In addition to survey, we need to use other supplementary empirical
methods to validate our results e.g. industrial interviews and collect more qualitative and
guantitative data. Further, the grouping strategy we adopted for SPI frameworks cannot be
generalized since it was specific to this study context. As said earlier in section 4.4 and
section 5.3 we had to combine some of the frameworks due to the negligible number of
success factors related to them. Therefore, the results that we devised specifically with the
grouped frameworks may not be generalized. We need more concrete research and empirical
methods to do so.

9.2 Future work
The following are future directions that can complement the work we did here:

e We would like to uncover the SPI barriers in order to see their effects on success of
SPI initiative. To best of our knowledge, there are only few studies considering the
failure factors of SPI initiative. We believe it is also important to identify failure
factors of SPI in order to understand the underlying meaning of the SPI success
factors.

e We would also like to find success factors not only based on their frequency of
occurrence across several publications but also with respect to their ratings made in a
particular publication. However, it is an extensive effort but it can give very
promising results. In our systematic review, we did not come across any such
publication but we would really like to make an effort in this direction. By finding
the different rating scales, mechanisms and categorization we can figure out more
concretely which factors are the most important with respect to their scenario and
study context. The comparison of various rating methods can yield results that are
more concrete.

e We are also interested in knowing whether the definitions of SPI success factors are
different among different groups of practitioners. With this direction, we can find if
practitioners have a different perception of the same SPI success factors. The results
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here may comprise of several different perceptions of the similar concept and thus
can guide the SPI leaders in considering same SPI success factor but from various
angles.
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10

10.1 Survey questionnaire design

APPENDIX

Item of Questionnaire

Type of Question

Answer options

1. Please specify your position, company name, country

Demographic question with three text boxes to fill
position, company name and country.

N/A

2. Please specify your working experience with software and
experience of improving practices (i.e. methods, tools,
technology

Two drop down menus for selecting experience with
software and improvement practices respectively with
labels:

1. Working experience with software.

2. Experience with improving practices.

Both the drop down menus contained the following
answer options for experience in years:

1-3 years

3-6 years

6-9 years

9-12 years

12-15 years

15 years and more

oakrwnE

3. Please let us know about your experience with the
improvement:

1. As a result of the improvement in your company, did
you deliver products of a better quality?

2. As a result of the improvement in your company, did
you notice a positive change in company’s business?

3. As a result of the improvement in your company, did
your company spend less time to develop and introduce
new products or services?

4.  As aresult of the improvement in your company, were
customers more satisfied with your services or
products?

Four drop down menus for the four sub-questions, one
in front of each sub-questions in question three.

All four drop down menus contained the following
answer options for each of the four sub-questions in

question3:
1. Yes
2. No
3. To some extent yes
4. To some extent no
5. 1 do not know

4. When you think about your experience with the improvement,
what are the three most important success factors?

1. Success factor 1

2. Success factor 2

3. Success factor 3

Three text boxes to fill in the three success factor
names asked in question four. One text box in front of
each success factor label in question four.

N/A

5. Please provide us with framework/model and area of the
improvement from your last improvement programme.

Two drop down menus to select framework and
improvement area respectively with label:
1. Framework/model.
2. Areas.
3. One text box with label: “Other” for filling
in any framework not found in first drop box.

A. Drop down menu for choosing framework/model
had the following answer options:

1. CMM

2. CMMI

3. SW-CMM
4. P-CMM
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5. 1SO 9001:2000
6. 1SO 9000 series
7. TicklT
8. Bootstrap
9. ISO/IEC 12207
10. ISO/IEC 15504
11. SPICE
12. SPIRE
13. PMBOK
14, SWEBOK
MOF
15. Six Sigma
16. IDEAL
17. QIP
18. PDCA(PDSA)
19. Trillium
20. TQM
21. COBIT
22. SEITSP
23. SEI PSP
24. Combination of frameworks
25. 1do not know

B. Drop down for the areas of improvement had the

following answer options:
26. Requirements
27. Design
28. Code
29. Testing
30. Maintenance
31. Configuration Management
32. Measurements
33. Software processes
34. Tools and method
35. Software Quality
36. Several areas of improvements
37. We improved practices in general
38. 1 do not know

C. No option was provided for the text box to fill in
any other framework not mentioned in the first drop

down menu.
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6. When you think about the success of the improvement, to what
extent of importance would you rate the following factors?

1.

Nk LD

Commitment at all organizational levels

Active participation of everyone involved

Dedicating staff, time and resources

Tools and technology support

Organization (structure, procedures, environment)
Managing improvement effort (plan, control, monitor)
Documentation

Rating scale. All seven sub-questions of question six
were given with five rating scales to rate them with
respect to their level of importance.

Each sub-question in question six were given the
following five rating scales answering options:

1.

TR W

Not important at all
Not very important

I do not know
Somewhat important
Extremely important

7. When you think about the success of the improvement, to what
extent do you agree or disagree with the following statements?

1.

Management commitment is about providing necessary
resources and ensuring everyone's involvement to
support improvement programme.

Active participation is about the contribution,
cooperation and active engagement of people involved
in implementing the improvement effort.

Allocating staff, time and resources is about adding
workload to regular schedules without providing
additional resources.

Organization has to be supportive, flexible and ready to
accept changes in terms of its structure, culture and
environment.

Support of tools and technology is essential for the
successful improvement effort.

Documents related to the improvement effort should be
created, maintained and updated on a regular basis.
Improvement effort's planning and monitoring is not as
important as making people aware of the improvement
effort.

Rating scale. All seven sub-questions of question
seven were given with seven rating scales to rate them
with respect to their degree of agreement.

Each sub-question in question seven were given the
following seven rating scales answering options:

NogapwhE

| strongly disagree

I disagree to some extent
I do not know

| agree to some extent

| agree

| strongly agree

I do not understand
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10.3 Complete result sets for systematic review

Table 36 - Systematic review: SPI success factor categories and SPI frameworks
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Table 37 - Systematic review: SPI success factor categories and software process areas

PARTICPATION AND INVOLVEMENT 3 0| 1 1 0] 8 2| 1
IMPROVEMENT RELATED FACTORS 37 5| 24 0| 3 0 1 1 3] O
STAFF, TIME AND RESOURCES 35 1 27 1] 1 3 0] 1| 1| O
ORGANIZATION 33 0| 24 0] O 1 1 71 0] O
COMMITMENT 30 41 21 0] 1 1 0] 2 1| O
PROJECT MANAGEMENT 30 41 19 1 2 3 0] 1 of O
(CONTROL,MONITOR, PLAN)

PEOPLE RELATED FACTORS 30 2| 17 1 2 1 0| 71 o O
DEPLOYMENT AND IMPLEMENTATION 27 3| 18 0| 1 1 0] Oof 3| 1
EXPERIENCE/COMPETENCE/SKILLS 25 1( 21 0| O 1 0] 1 1| O
MEASUREMENT/METRICS/ASSESSMENT 24 2| 15 0| O 2 0| 4 O 1
GUIDANCE AND MORAL SUPPORT 24 3| 16 1 1 0 0] 1| 2| O
SPI GOALS/OBJECTIVES 23 0| 13 0| O 2 0] 6 2| O
REVIEWS AND QUALITY 21 0| 16 0] 1 0 0] 2 1| 1
ADAPTABILITY/ACCEPTANCE TO CHANGE 19 1( 10 1 3 1 1 21 0] O
TRAINING 19 2] 11 0| O 1 1 11 2] 1
KNOWLEDGE/LEARNING 14 0 9 0| 1 0 0| 4/ o O
COMMUNICATION 12 1 6 1 0 0 0| 4 o O
AWARENESS 11 0| 10 0] O 0 0] 1 of O
ROLES AND RESPONSIBILITIES 11 2 6 0] 1 1 0] Oof 1 O
PAT, SEPG TEAM 11 0] 11 0] O 0 0| Oof of O
CUSTOMER/SUPPLIER 11 1 5 0| O 1 0| 4/ o O
CULTURE 10 1 6 0| O 1 2| 0 of O
LEADERSHIP 9 0 7 0| O 0 0] 2 o O
TAILORING 9 1 5 1] 1 0 0| 1| of O
RESPECT 8 1 6 0| O 1 0| Oof of O
VISION 7 1 3 0| 1 0 1 1 0] O
PROCESS SPECIFIC FACTORS 7 0 1 0| 4 0 0] Oof 21 O
DOCUMENTATION 6 1 5 0] O 0 0| Oof of O
REWARD 6 0 6 0] O 0 0| 0] O O
INNOVATION/IDEA/EXPLORATION 6 0 3 0] O 0 0| 3] 0 O
TOOLS 2 0 1 0] O 1 0| Oof of O
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10.4 Complete result sets for survey

Table 38 — Survey: SPI success factor categories and SPI frameworks
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Table 39 — Survey: SPI success factor categories and software process areas
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