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Abstract

Software process improvement (SPI) models such as the
Capability Maturity Model (CMM) and standards such as
ISO's SPICE focus on processes to achieve quality
software. Little attention has been paid to the effective
implementation of these models and standards which has
resulted in limited success for many SPI efforts. The
importance of SPI implementation demands that it be
recognised as a complex process in its own right and that
organizations should determine their SPI implementation
maturity through an organized set of activities. We have
extended the concept of critical success factors (CSFs) and
developed a SPI implementation framework. This
Jramework has three components - SPI implementation
plan,  SPl  implementation roadmap, and SPI
implementation model. This framework provides advice to
SPI  practitioners when designing effective SPI
implementation strategies.

1. Introduction

Software quality in the past several years has received
much attention in both academia and business. This
attention is due to the role software plays in modern-day
business and, to some extent, modern-day lives. Customer
satisfaction has also become the motto of many software
organizations. Efforts put into quality improvement will
ultimately produce high quality software, reduce cost and
time and increase productivity [3, 22, 32]. SPI models such
as the Capability Maturity Model (CMM) [20] (and more
recently CMMI) and standards such as ISO's SPICE [14]
focus on process to achieve quality software. Little
attention has been paid to the effective implementation of
these models and standards [10]. Studies show that 67% of
SPI managers want guidance on how to implement SPI
activities, rather than what SPI activities actually
implement [11]. The importance of SP! implementation
demands that it be recognised as a complex process in its
own right and that organizations should determine their SPI
implementation maturity through an organized set of
activities. Despite the importance of the SPI
implementation process, little work has been done on
developing ways in which to effectively implement a SPI
programme. In this paper we provide a framework to guide
practitioners when designing effective SPI implementation
strategies.

In order to design this SPI implementation framework we
have extended the concept of CSFs {26]. The CSFs concept
has been applied to different areas of IT and management
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and different studies have confirmed the value of the CSF
approach [13, 15, 16, 23, 27, 28]). We have analysed the
literature (i.e. case studies, technical reports and journal’s
papers) about factors that have a positive or negative impact
on the implementation of a SPI program and developed a
list of critical factors. We have also conducted preliminary
interviews with 10 SPI practitioners in order to establish
their SPI implementation experiences and concerns. Our
framework provides advice to SPI practitioners in designing
appropriate SPI implementation strategies.

In this paper we focus, in particular, on four research
questions:

RQ1. What factors, as identified in the literature, have a
positive impact on implementing SP1?

RQ2. What factors, as identified in the literature, have a
negative impact on implementing SPI?

RQ3. Do factors that have positive impact on implementing
SPI change in different periods of time?

RQ4. What are the necessary phases/steps for the
implementation of SPI programmes?

This paper is organised as follows. Section 2 describes the
background. In Section 3 a framework for SPI
implementation is described in detail. Section 4 provides
the conclusion.

2. Background

Improvement in the software process has been going on for
several decades. The software organizations have been
struggling with a questionable quality image for a long
time. The software quality has become more critical as
software pervades our day-to-day lives. The ability to
deliver quality software within budget and schedule
continues to elude most software organizations. The state
of affairs is sometimes referred to as the software crisis.

The search for solutions to these problems has continued
for many years and software organizations are now
realizing that their fundamental problem is the inability to
manage the software process [3, 22, 31]. Therefore, SPI has
become a popular approach to delivering improvements in
software products. SPI provides organizations with a
powerful means of assessing their current capabilities for
developing software systems and in so doing, identifying
their strengths and weaknesses [12].

In the last few years we have seen technical quality
initiatives such as CASE tools and organizational initiatives
such as CMM (and more recently CMMI) in order to
improve software processes. We suggest that whether a



quality initiative is technical or organizational, ineffective
implementation can significantly affect the success of SPI
efforts.

A number of studies have investigated factors that
positively or negatively impact SPI [10, 7, 8, 25]. Factors
affecting SPI, as identified by these studies, are summarised
in Table 1.
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Table 1. Factors affecting SPI (Adapted from [25])

The work we report in this paper complements work
previously done by [7, 8, 10, 25]. However, little attention
is paid to the improvement of SPI implementation process
in the literature. We believe that the identification of factors
is alone not sufficient for the improvement of SPI
implementation processes but a holistic approach is
required in order to successfully implement SPI
programmes. We have designed a framework that provides
a very practical structure with which to implement SPI
programmes. The basis of this framework is what we have
found in the literature as well as the findings from our
empirical study of SPI in practice.

3. SPI implementation Framework
The framework proposed for SPI implementation comprises
three components:

e SPI implementation plan
¢ SPI implementation roadmap
e SPI implementation model

3.1. SPI implementation plan

The objective of this component is to provide practitioners
with sufficient knowledge about the nature of issues that
play a positive or negative role in the implementation of
SPI programmes and to assist them in effectively planning
SPI implementation strategies. We have analysed 50
published experience reports, case studies and papers in
order to identify factors that can play a positive or negative
role in the implementation of SPI programmes. We
analysed the factors using historical study over the period
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of 12 years. The literature we have analysed appeared to be
of well-known organizations. Organizations covered in our
study are shown in Appendix A. We consider these to be
important publications because the 34 organizations include
all the five organizations that have been awarded the IEEE
Computer Society Award for Process Achievement.

We identified 5 factors (senior management commitment,
staff involvement, staff time and resources, training and
mentoring, and creating process action teams) that
generally considered critical for successfully implementing
SPI. We also identified 6 barriers (lack of resources, time
pressure, inexperienced stafflack of knowledge,
organizational politics, staff turnover and SPI gets in the
way of real work) that can undermine the implementing of
SPI. We found (using chi-square test) that the CSFs for the
implementation of SPI do not change significantly in
different periods of time.

3.1.1 Findings

In this section we discuss the results relating to RQ1, RQ2
and RQ3. This section shows the CSFs and critical barriers
(CBs) cited in the literature and the frequency with which
they occurred. The percentage shows the proportion of
literature that cited a particular CSF.

e CSFs identified during 1991-to date

Table 2 shows the list of CSFs cited in the literature. The
results suggest that in practitioners’ opinion sponsorship
can play a vital role in the implementation of SPI programs.
It also shows that practitioners consider their involvement,
training and mentoring imperative for the successful
implementation of SPI programs. The results show that
staff time and resources and creating process action teams
are also important factors. Other factors are less cited in the
literature.

Success Factors Occurrence in
literature (n=47)
Freq. %
Senior management commitment 31 66
Staff involvement 24 51
Training and mentoring 23 49
Staff time and resources 18 38
Creating process action teams 15 31
Reviews 13 28
Experienced staff 13 28
Clear and relevant SPI goals 12 26
Assignment of responsibility of SPI 12 26
Process ownership 11 23
Encouraging communication and 10 21
collaboration or sharing best practices
Tailoring improvement initiatives 7 15
Reward schemes 7 15
Managing the SPI project 7 15
Providing enhanced understanding 7 15
Internal leadership 6 13
SP1 people highly/well respected S 11
Standards and procedures 4 9

Table 2. CSFs (1990-to date)

» CBs identified during 1991-to date

Our aim of identifying CBs [10, 29] is to understand the
nature of issues that undermine the SPI implementation



programmes. Table 3 shows the list of CBs cited in the
literature.

Barriers Occurrence in
literature
(n=14
Freq | %
Lack of resources 7 50
Time pressure 5 36
Inexperienced staffflack of knowledge | 5 36
Organizational politics 4 29
SPI gets in the way of real work 4 29
Staff turnover 4 29
Lack of support 3 21
Changing the mindset of management | 2 14
and technical staff
Paperwork required 1 7
Negative/Bad experience i 7
Inertia 1 7

Table 3. CBs (1991-to date)

It shows that most of the practitioners consider lack of
resources a major critical barrier for the implementation of
SPI. The results also suggest that in practitioners’ opinion
time pressure and inexperienced staff can undermine the
success of SPI implementation programs. It shows that
practitioners do not want organizational politics and staff
turnover during the implementation of SPI programs.

e CSFs in different periods of time

In order to answer RQ3, we have divided the literature into
different years. The column chart is shown in Appendix B
where the top five CSFs are shown in different years. It
shows that there are more similarities than differences
between the CSFs during different years of time. We
suggest that by identifying both similarities and differences,
practitioners can improve the SPI implementation process.
Focusing on similar CSFs during different periods of time
may offer SPI practitioners cost-effective opportunities in
order to improve the SPI implementation process. This is
because a small number of CSFs can be implemented that
have wide effect on the success of SPI implementation
process.

Our results show that all these studies recognise the
contribution of senior management commitment, staff
involvement, staff time and resources, training and
mentoring, and creating process action teams. Appendix B
shows that senior management commitment and staff
involvement are the most stable factors in different periods
of time. While training and mentoring, staff time and
resources and creating process action teams are less stable
factors. It shows that CSFs for the implementation of SPI
do not change significantly in different periods of time. Our
results suggest that organizations should focus on these
CSFs in order to successfully implement SPI programmes
because we have more confidence that a factor does indeed
have an impact on SPI implementation if it is critical in
different periods of time.

3.2. SPI implementation roadmap
The objective of this component is to provide a maturity
model for SPI implementation in order to guide
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organizations in improving their SPI implementation
processes.

3.2.1 A SPI implementation maturity model

We have adapted a CMM [20] perspective and developed a
maturity mode! for SPI impiementation in order to guide
organizations to improve their SPI implementation
processes. The structure of our maturity model is built upon
the following elements:

e Maturity stage dimension
e CSFs dimension

» Maturity stage dimension

The CMM [20] is structured into five maturity levels
ranging from level 1 to 5. For SPI implementation maturity
model several adjustments to this stage structure are
necessary to take account of SPI implementation
characteristics:

¢ We have adopted stage 1 directly from CMM. This is
the stage where the SPI implementation process is chaotic
and few processes are defined.

o Different studies emphasise the importance of
awareness for the implementation of SPI programmes [19,
21, 30]. SPI implementation is the process of adoption of
new practices in the organization. It is therefore very
important to promote awareness activities of SPI and to
share knowledge among different practitioners. These
awareness activities include series of working sessions for
practitioners to fully understand the benefits of SPI.
Therefore, stage 2 of our maturity model is called aware.

o Stage 3 and stage 4 of the implementation model are
adopted from CMM. Stage 3 is the stage where SPI
implementation processes are documented, standardized,
and integrated into a standard implementation process for
the organization. Stage 4 is the stage where organizations
establish structures for continuous improvement.

Maturity stages of SPI implementation model are shown in
Table 4.

Maturity Stage Description

1 - Initial The implementation of SPI is not
planned and changes randomly.

2 — Aware Awareness to SPI implementation
process has been gained.

3 — Defined This stage focuses on the systematic
structure and definition of SP1
implementation process.

4 — Optimising The focus of this stage lies on
establishing structures or continuous
improvement.

Table 4: Maturity stage dimension

o CSFs dimension

The CMM consists of 18 key process areas (KPAs)
categorized across the five maturity levels. We believe that
successful SPI implementation process should be viewed in
terms of CSFs rather than KPAs. This is because:

o Different studies have confirmed the value of the CSF
approach in the field of information technology [7, 8, 10,
15, 16, 25, 27]. A review of the CSF literature reveals that
the concept has not been employed to any great degree in



research on the topic of SPI implementation. Therefore, we
believe that CSFs approach can also be useful in the
implementation of SPI.

e Implementation of SPI programmes require real life
experiences where one learns from mistakes and
continuously improves the implementation process. CSFs
are often identified after the successful completion of
certain activities. Hence these factors are near-to real life
experiences.

Keeping in view the above facts we have identified
different CSFs and CBs from the literature. We used
frequency analysis technique and calculated the relative
importance of each factor (see Tables 2 and 3). As CSFs
are a small number of important issues on which
management should focus their attention [26], we have only
considered top 50% of the success factors and barriers as
CSFs and CBs for the SPI implementation.

The 18 KPAs of CMM can be split into three categories [9].
We have adopted this approach and categorised CSFs and
CBs into three categories, i.e. awareness, organizational and
engineering. The three categories with the corresponding
CSFs and CBs are shown in Table 5. The basis of this
categorisation is the perceived coherence between the CSFs
and CBs identified. It should also be pointed out that these
factors and barriers are not necessarily mutually exclusive
and there may be a certain degree of overlap among them.

Category CSFs CBs
Awareness Senior management Organizational
commitment, politics
Training and mentoring
and

Staff involvement
Creating process action

Organizational Time pressure,

teams, Inexperienced
Experienced staff, staff,
Staff time and SPI gets in the
resources, way of real work
Clear and relevant SPI | and
goals and Staff turnover
Assignment of
responsibility of SPI

Engineering Reviews

Table 5: Categories of CSFs and CBs

In order to divide these categories among different stages of
maturity model, we have used the perception of KPA
division among different maturity levels of CMM. The
awareness category can be directly linked to maturity stage
2, ie. aware of the maturity model. While the
organizational category can be linked to maturity stage 3,
i.e. defined, because the focus in this stage is on the
systematic structure and definition of SPI implementation
process. The focus in stage 4 of the maturity model is on
continuous improvement; therefore engineering category is
linked with this stage. We also believe that these factor
categories may overlap and one should continuously
monitor previously implemented categories. Thus, we
called the current category “front-end category” and the
previously implemented category “back-end category”.

369

The final division of factors’ categories among four
maturity levels of implementation model is shown in
Table 6.

Maturity Front-end Back-end Quality
Stage category category
4 — Optimising Engineering Awareness,
Organizational

3~ Defined Organizational | Awareness
2 — Aware Awareness
1 — Initial

Table 6: CSFs dimension

3.3 SPI implementation model

The objective of this componerit is to empirically explore
the viewpoints and experiences of practitioners regarding
SPI implementation and to develop a model in order to
guide practitioners for effectively implementing SPI
programmes. In this section we discuss the results relating
to RQ4.

In this section we report on our recent empirical study
which explored the experiences and perceptions of
practitioners about SPI implementation. We went to 8§
companies and conducted interviews of practitioners with
the specific aim of:

1. Establishing what their typical SPI implementation
experiences are

2. ldentifying their
implementation

3. Exploring different phases/steps necessary for the
implementation of SPI programmes?

3.3.1 The Companies

Eight Australian companies participated in this study. All of
the 8 companies responded to a request for participants
which was posted via the email. Although we do not claim
this is a statistically representative sample, this study does
cover companies from very small software house to very
large multinational companies and a wide range of
application areas. It is further important to acknowledge
that the data was collected from companies who were
tackling real issues on a daily basis; therefore we have high
confidence in the accuracy and validity of data [1]. Of the 8
companies in this study, two were CMM level-2, one was
planning to use CMM, one was ISO 9001 certified, three
had implemented internal formal quality assurance
programmes while one claimed assessment against
AS3563.

3.3.2 Methodology

We have conducted in-depth interviews with 10
practitioners in order to identify the phases/steps necessary
for the implementation of SPI programmes. Each interview
lasted approximately 45-90 minutes. All the interviews
were tape recorded and then transcribed. The content
analysis technique [17] was used in order to analyse each

major concerns about SPI



interview. Ten practitioners voluntarily participated in this
study. By volunteering to participate they have become
self-selecting sample. The target population in this research
was the software producing companies and practitioners.
The extent, to which the sample of participants in a research
adequately represents the target population, gives the
results validity [17].

Self-sampling as opposed to random sampling though more
practical is often prone to bias. In this research because the
sample of companies form an original self-selected group
(that is software producing companies), it is important to
ensure that one particular group is not over represented [5].
This research addresses the issue of over representation by
using a sample of companies of varying complexities, size,
nature of business, type of applications etc [1, 25].

It is further important to acknowledge that the practitioners
sampled within companies are representative of
practitioners in organisations as a whole. In this research,
one to two practitioners from each organisation self-
selected to participate. The sample of practitioners
researched includes developers, business analysts, technical
directors, project managers and senior management.

3.3.3 Findings

Using the content analysis of the recorded interviews, we
have identified six stages for the implementation of SPI
programmes.

e Awareness: Practitioners felt the need for awareness of
SPI programmes in order to fully understand the benefits of
SPI. Practitioners said that as SPI implementation is the
process of adoption of new practices in the organization, it
is very important to conduct high-level sessions for
practitioners in order to provide them sufficient knowledge
of SPI. Different studies have also revealed the importance
of awareness for the implementation of SPI programmes
[19, 21, 30].

e Learning: Learning appears as an important factor for
SPI implementation success. For learning, practitioners
emphasized training in SPI skills in order to achieve
mastery of its use. Different studies have also confirmed
training as an important factor for the implementation of
SPI programmes [2, 4, 6, 9, 19, 21, 24].

e Pilot implementation: Practitioners advised to first
implement SPI programs at a low level and see how
successful it is within a particular department. This is also
important for practitioners in order to judge their SPI skills
in this pilot implementation. This is the phase where
practitioners can decide about how much resources, training
and commitment is required in order to implement SPI
practices across the organization.

e SPI implementation action plan: Practitioners stressed
the need for proper planning and management. They said
after pilot implementation a proper plan with activities,
schedule, allocated resources, budget and milestone should
be designed. This plan should be based on the results and
experiences of pilot implementation. Often, SPI projects
have no specified requirements, project plan, or schedule
[7]. It was recommended by the practitioners to treat SPI as
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a real project that it must be managed just as any other
project.

¢ Implementation across the organization: After proper
planning and using the pilot implementation experience,
practitioners suggested to implement SPI practices in other
areas/departments of the organization. It is also important to
give reference of pilot implementation to different
departments in order to get support and confidence.

¢ Maintenance: The important theme in maintenance is to
continuously monitor previously implemented SPI
activities. Practitioners suggested continuing awareness and
training programmes since often practitioners switch jobs.
Also SPI efforts do not have long lasting effects because
practitioners often slide back to their old habits [7]. It is
therefore very important to continuously provide them with
feedback, guidance, motivation and reinforcement to stay
involved in the improvement effort [7, 18, 26].

4. Conclusion

In this paper a new framework is presented that has the
potential to help companies to improve their SPI
implementation processes. This framework has three
components and provides a very practical structure with
which to implement SPI programmes. In order to design
this framework we have extended the concept of CSFs.
However, this framework is in very initial stage and need
further improvement and evaluation. Multiple case studies
will be conducted in order to test and evaluate this
framework and to highlight areas where this framework has
deficiencies. To progress on this framework, a research
project at faculty of IT, University of Technology Sydney,
is currently being carried out in co-operation with SPI
practitioners.
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