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Abstract

A fundamental problem in the software engineering community is how to achieve a state of
continuous improvement. Over the last ten years a number of studies have been made concerning
various tools, methods and software process improvement project life-cycle models, but the
problem persists and in many cases the software process improvement program dies off within a
year.

This thesis takes the assumption that the answer cannot be reduced to a single tool or method,
as there are no silver bullets to complex problems. Instead the entire Software Process Engineering
system should be studied to find out what elements are necessary for sustaining improvement
activity on a long-term basis. Through understanding the fundamental elements of a Software
Process Engineering system, the organization can manage and improve the system, tune it up to the
environment and make it efficient and effective. When the system is operational, the software
process improvement program, which is a part of the system, can be sustained.

This research studies a case in which the Software Process Engineering system of a large,
multi-site telecommunications company was successfully revised to meet the increasing
improvement challenges. The revised system has proven to be capable of sustaining continuous
improvement and case is used here to derive architectural design models of a Software Process
Engineering system.

Two such models are established here. One is a system model that is independent of
implementation and identifies the main elements of a Software Process Engineering system. With
the help of this model, those responsible for process improvement in their organizations can design,
evaluate, and revise complete Software Process Engineering systems. The other model is a design
of a multi-site Software Process Engineering organization, and identifies not only the operative part
of the organization but also the key non-operative elements that a Software Process Engineering
system needs to work with. With the help of this model a multi-site organization can set up the
operative Software Process Engineering organization and plan for strategies for managing the
cooperation with the interfacing entities up front, rather than ending up managing such contacts on
a reactive fashion.

Keywords: software process improvement, improvement program, management,
organization
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1. Introduction

Over the last decade, mankind has been witnessing an exponential growth of the software
industry and the use of software. Today, software has a much wider use than just word
processors or other PC applications. To an increasing degree it is also hidden away,
embedded in other electronic products, such as automobiles, household appliances, air-
traffic control systems, communications devices, etc. What most people do not realize is
that already today, software controls and affects our daily routines to the degree where
software failure is the greatest single threat to our lives (Ebert 1997, Gray & Smith 1998).

As the world is heading towards ubiquitous computing, the role of software will
become even greater than today. The vision of intelligent environment is that the simplest
piece of equipment or even clothing has the capability to process data and to interact with
its surroundings, independently. Machines become more intelligent, self-guided and
aware. Computers and data processing will exist everywhere, from toasters to tennis
shoes. Tomorrow your jacket might carry as much processing power as your laptop has
today and even more. (Negroponte 1995.)

The need for software has increased dramatically, and the ubiquitous era will put even
greater demand on it. The need to decrease the software development cycle will become
more pronounced while there will be also demand for more functionality. Both trends
will unfortunately also increase the potential for errors in software, and the studies
indicate that the rate of defects is not a linear function of size, instead the defect rate
increases exponentially (Brown 1996).

However, at the same time the demand is for better and more reliable software
(Collier & Collofello 1996). Especially in the consumer electronics markets, the
manufacturers must strive towards zero defect, as a recall of hundreds thousands of
products after the product has been launched will be extremely costly, both financially
and as a negative image for the company (Roojimans et al. 1996). As a result, when
consumer goods gain more embedded software in them, the ability to produce reliable
software quickly and to keep a uniform quality across products becomes a key factor for
the success or failure of companies worldwide.
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All this is already quite visible to the industry and companies are looking for solutions
to meet the challenge. Several approaches are being tried, but they share the common
goals of developing better quality products, decreasing the development cycle time and
increasing the effectiveness and efficiency of development resources.

One solution that has been quite popular over the last ten years has been to improve
the software development process. The currently accepted paradigm is that the quality of
the process influences the quality of the product. There is also evidence that process
improvement will increase the speed, effectiveness and efficiency of software
development (Wesner et al. 1994). As a consequence, the management and improvement
of software processes has become a task that cannot be ignored by any company that
produces software.

What is not usually realized, however, is that process improvement also carries a risk
to the organization that utilizes it. First, it consumes resources that could otherwise be
used in product development. Second, whatever the software process improvement
activities are, they always have an impact – whether for good or bad. This becomes a
major risk when process improvement is applied to product development process, which
is the most vital element of a commercial company. For this reason, from the industry
viewpoint, process improvement is not a trivial task and the way that processes are
changed and managed is a critical issue.

To minimize the risks to the host organization, software process –related activities
need to apply a good engineering approach and discipline – just as the product
development does. Process work is a process, too, and needs to be improved in a
systematic fashion to achieve higher maturity – i.e. to make the process more predictable,
effective and efficient, and to improve the quality of the output. The software process
communities in companies should take an introspective look at how software process
improvement is being done and strive towards Software Process Engineering, i.e. to an
disciplined approach for managing and further developing processes and process assets.
A good starting point for this is to understand the Software Process Engineering system
itself – define what are the activities that need to be carried out and establish a
comprehensive infrastructure to support them. Furthermore, to keep the Software Process
Engineering system efficient and effective, the infrastructure as well as the approach to
process engineering in general needs to be consciously managed, improved and adapted
to reflect the changes in the environment where it has to operate.



2. Background

This chapter establishes the motivation for this research, gives an overview of the case
that has been studied, and defines the scope of the thesis.

2.1. Motivation

Over the last years the software engineering community at large has gained more
experience in carrying out the process work, and articles of lessons learned are now
readily available from both journals and conferences. There are also several annual
conferences dedicated solely for software process improvement issues, the most
prominent of them being the SEPG (Software Engineering Process Group) conference
sponsored by Software Engineering Institute (SEI).

Despite of this, there are still major questions to be resolved in the field of software
process work (hereinafter SPE, Software Process Engineering).

“We are doing a reasonably good job of assessing organizations and the
effectiveness of their technical and organizational practices. There are
several methods...for getting organizations to recognize the problems they
must solve to get better. The interesting research problem is now shifting to
what it takes for an organization to sustain a serious improvement program so
that they are able to realize the promised benefits – many drop the ball on
their improvement activities within a year.” – Bill Curtis

(Rombach 1998, 12)

A literature study reveals that much of the research done in the area of SPE since
1987 has concentrated on developing and describing specific methods, models and tools
for different aspects of process work, most notably for those of defining, evaluating and
improving software processes. Conversely there are few studies of the SPE system itself,
i.e. the SPE process and the infrastructure that has to be set up to support and sustain SPE
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activities. Furthermore, what has been published is mostly focused on single-site systems
and the issues related to multi-site SPE systems remain unaddressed.

Such studies are important for several reasons. First, the people responsible for
establishing and managing an SPE system in their organization need to have an
understanding of the entire system, not just detailed knowledge of particular methods or
tools. Second, a good understanding of the system is needed in order to improve it, so
that the SPE process can become both effective and efficient. As the host company may
already have – or in future grow into – a multi-site environment, the specific challenges
of such environments need to be studied to provide the SPE managers information on
how to build a multi-site SPE system.

None of the current publications presents a comprehensive model of the entire SPE
system. The most notable process reference models which define activities related to
process work are the ISO 12207 (ISO/IEC 1995), ISO 15504 (ISO/IEC 1998a, b, c), and
IDEALSM 1.0 (McFeeley 1996). The main references for SPE infrastructure, i.e. elements
required for supporting the activities are the IDEALSM 1.0, ISO 15504-7 (ISO/IEC
1998c), Experience Factory (e.g. Basili & McGarry 1998), SW-CMM 1.1 (Paulk et al. –
93a, b), and the book “Software Process Improvement: Practical Guidelines for Business
Success” by Zahran (1998). However, these publications give only implementation
models rather than explaining the fundamental constructs, i.e. the architecture, of the
infrastructure. Furthermore the models are intended for establishing local (single-site)
infrastructures and tend to focus on operative organizations. This leaves other aspects of
infrastructure, such as tools, knowledge issues, skills, etc., and the other (non-operative)
organizational entities largely ignored.

2.2. Case

This thesis presents the case of revising the SPE system at Nokia Mobile Phones, Ltd.
(henceforth NMP). The case is studied to draw out and publish architectural design
models for multi-site SPE systems.

The focus of the thesis is on the period from late 1996 to mid-1997, during which
time the requirements for the new SPE system were specified, the system designed and
implemented, and the new Software Process Improvement (henceforth SPI) program
initiated and launched. The SPE system has been in operation since 1997 and the thesis
includes results of an evaluation of the system, which was done in late 1998.

2.3. Scope

This thesis will focus on the subject of Software Process Engineering, exploring issues
that help to sustain a continuous SPE process, especially in a multi-site environment. The
software development processes, such as specification, design, implementation, testing,
etc., are not discussed in this study. However, as the purpose of the SPE system in NMP
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is to support the improvement and maintenance of the software development processes,
the relationship between the SPE system and these processes is within the scope of this
thesis.

The study approaches the subject from an operative management viewpoint and aims
at establishing an understanding of the architecture for an organization-wide SPE system,
where the organization contains multiple software development units.

The focus of this thesis is on the architectural design of the Software Process
Engineering system, rather than at its detailed design and implementation. For this reason
issues such as how the SPE activities themselves should be carried out, and the various
methods, tools, processes, etc. used in the SPE work are not described in detail. When
these issues are discussed, the purpose is to provide a better understanding of the
architectural elements by giving examples of the implementation.

2.4. Structure of the thesis and styles used

The thesis has been divided into five major parts:
• Introduction  –  chapters 1, 2 and 3
• Related Work  –  chapter 4
• Case Presentation  –  chapters 5 and 6
• Analysis and Synthesis  –  chapters 7, 8 and 9
• Summary  –  chapter 10.
In the Introduction, the reader is first introduced to the research subject, motivation

for the research, the case, scope of the study, and to the structure of this thesis (chapters 1
and 2). After that the research approach, covering research problems, results and
contributions, research methods, research processes and the author’s personal
contributions are presented (chapter 3).

Related work (chapter 4) establishes the theoretical background for the thesis and
links the results to the previous research done of this subject. Here the reader is presented
with the process models that identify SPE activities (section 4.1) and the existing SPE
infrastructure models (section 4.2). In addition, industry experiences and case reports of
actual process improvement programs from literature are summarized (section 4.3). A
summary of the related work is presented in section 4.4.

Case presentation starts with a description of the background to the case (chapter 5).
This includes the environment – i.e. the company – of the case study, an outline of how
the process improvement system has evolved in NMP, the actions taken to change the
approach from 1995 to 1996 and issues that finally led to the decision to revise the SPE
system. Appendix 1 is related to this chapter, and gives additional background
information of the activities preceeding the case. The case description itself (chapter 6)
then traces the revising of the SPE system from status analysis, design and
implementation, all the way to initiating the new SPI program and evaluating the revised
SPE system.

Analysis and synthesis establishes the answers to the research problems. First the
lessons learned related to the models that were used to implement the new SPE system
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are described (chapter 7). Following that the architectural design models are defined and
presented, first the system level model (chapter 8) and then a model for an SPE
organization (chapter 9).

Summary (chapter 10) presents a final summary of the research, its results and the
added value of this study to the research community and practitioners (section 10.1), the
limits and biases related to the study are described (section 10.2), and directions for
future research are suggested (section 10.3).

In order to improve readability, bold text has been used in this thesis to indicate a list
item, i.e. the item is a part of a list, although the list may be embedded in text and cover
several paragraphs.

Two kinds of material are used in this thesis. The other is material that is public or
otherwise accessible to most, the other is NMP internal material that has not been
published. In the text both types are referred to in the same manner, however, i.e. the
reference does not indicate whether the source is NMP internal or public. The References
–section lists the public material, while the NMP internal material is listed in Appendix 2.



3. Research approach

The first two sections of this chapter present the research problem, give an overview of
the results, and describe the contributions of this research; the third section describes the
research process itself. The fourth section lists specific problems and limitations inherent
in this particular research case, and the steps taken to overcome and counter them. The
last section describes the author’s personal involvement and contribution in the case.

3.1. Research problem and results

The ultimate inspiration of this thesis is the problem of how to achieve the state of
continuous process improvement. One way to put this question is:

 “What it takes for an organization to sustain a serious improvement program
so that they are able to realize the promised benefits?” – Bill Curtis

(Rombach 1998, 12)

This question cannot and will not be resolved in this thesis. The problem itself is very
fundamental to the software engineering community at large and, undoubtedly, has a very
complex answer rather than being something which could be solved with the infamous
silver bullet (Brooks 1987). What this thesis aims at is to reveal some important parts of
this complex answer.

A Software Process Engineering system is one of the key factors for determining
whether the state of continuous improvement can be achieved or not. An inoperable and
ineffective system cannot achieve and sustain improvements, no matter how much
management goodwill there is in the organization towards process work. Thus the
question is not whether or not to have a system but how to build an SPE system that is
operational and capable of meeting its objectives. Furthermore, in a changing
environment the system may need to be revised to ensure that it remains compatible with
the environment it has to operate in. For both purposes it is important to understand what
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an SPE system should contain and what are the essential elements of such a system. From
this we can derive the research problem:

What is a usable architecture of a Software Process Engineering
system?

The SPE system developed in connection with this research is based on a set of
abstract models that define the architectural elements for such a system. As the evaluation
will show, the system has been found operational and has proved itself capable of
sustaining a continuous SPI program. This indicates that the system has the necessary
elements, i.e. its architecture is comprehensive and usable. The research question can thus
be answered by studying the events, activities, models and constructs (the SPE system
itself) of this case study, and by refining the original set of models with the help of
lessons learned from their use and of ideas formed in the software process improvement
literature.

3.2. Contribution

The main contribution of this thesis is the establishing of two new architectural design
models for a Software Process Engineering system. The first model covers the entire SPE
system and the second explores the SPE organization, which is an important part of the
SPE system.

The system level architecture has three main elements. The first element describes the
purposes and inputs as well as the main activities of the SPE process. The second element
in its turn describes the supporting elements required to make the SPE process
operational. The third element then describes the organizational layers across which the
SPE system must span and defines the scope of SPE activities of each of the layers.

The architecture for the SPE organization covers all the organizational layers and
includes the operative element and three non-operative elements – the Sponsorship
Network, the Supplier and Cooperation Network, and the Software Practitioners

The models expand the results of previous studies as follows. First, there has not been
a single published architectural design model for an entire SPE (or software process
improvement, SPI) system that would combine the activities, supporting elements and
organizational hierarchies. Second, the current models for the most part describe a
detailed design (close to implementation), rather than identifying the essential
architectural elements which are independent from implementation and can thus be used
for guiding the detailed design, for comparing different designs for comprehensiveness,
etc. The system level architecture established in this study covers all the abovementioned
aspects and is implementation-independent. Third, the current models in literature that
describe SPE organizations are focused on the operative part of the organization. The
experiences from operating an SPE system in NMP suggest, however, that the models
should be expanded beyond the operative organization to help the SPE system to build up
interfaces to related, non-operative organizations. Consequently the organizational
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architecture established in this research identifies the most important non-operative
entities that should be taken into account when establishing strategies for SPE. Fourth,
the multi-site aspect is usually lacking in the literature references, but it is an important
part of this study and has been specifically built in to the models established here.

The system architecture can be used as a framework for studying Software Process
Engineering systems but as such the developed models are primarily intended as tools for
SPE managers. The system architecture is a tool for designing an SPE system, for
reviewing its status and for revising it. The organization architecture on the other hand
can be used as a starting point for designing or tailoring an SPE organization for a multi-
site organization.

3.3. Research methodology

The study presented here is constructive research, where the resulting artifacts are
abstract models that define the architecture of a Software Process Engineering system in
general and the organizational part of the system in particular. However, the research has
also elements of theory building, since the models can also be considered theories (March
& Smith 1995, 256). The underlying research method is a retrospective longitudinal case
study.

Although the study has characteristics of action research, it fails to meet one key
criterion and for that reason shall not be considered to be within the realm of action
science. While the author has been closely involved as an actor in the case, which was a
change action that aimed at solving a practical problem, the research was not done in
parallel with the action itself. In action research, the research problem needs to be clearly
formulated in the beginning of the action. The researcher then works on one hand to solve
the problem and on the other hand to create and acquire scientific information related to
the solving of the problem. In addition, there should be an immediate feedback cycle
from research to the action during the problem solving (Järvinen & Järvinen 1996, 79). In
this study the research problem was formulated only after the action had been concluded
and the research is about the events of the past, hence the retrospective case study.

March and Smith suggest that in constructive research each output shall be built,
evaluated, theoretized and justified. The outputs are Constructs (e.g. terminology),
Model, Method, and Instantiation (March & Smith 1995). The process of building a
theory from case study research by Eisenhardt includes the following steps: Getting
started (defining research question), Selecting cases, Crafting instruments and protocols
(for data collection), Entering the field, Analyzing data, Sharping hypotheses, Enfolding
literature, and Reaching closure (Eisenhardt 1989).

As stated earlier, the main contribution of this research are the models, and thus the
focus is on Model output in terms of the March and Smith framework. The study first
tracks the historical activities that led into the current SPE system; from the definition of
the original models (Build), to the instantiation and operation of the process engineering
system in the case organization (Evaluation in March and Smith, but also Analyzing data
in Eisenhardt). At this point the theory building starts; the findings concerning the
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completeness and relevancy of the models from the evaluation are used to refine the
models (Sharping hypotheses), together with input from literature (Enfolding literature),
producing a generic architecture model for the SPE system and a revised model for the
SPE organization (Reaching closure). The theory building part of the research can in its
entirety also be seen as the Theoretize-part in the March and Smith framework.

3.4. Research process and limitations

The case examined in this thesis covers the period from late 1996 to mid-1997 and had,
from research point of view, been concluded when the study was initiated and the
research problem formulated. For this reason the case is studied from a historical
perspective. Since this is a study of one single case, the results do not qualify as firmly
set theories. Instead, they can be considered as well-studied hypotheses, which suggest
what the theory could look like.

The research proposal, or idea, was formulated in March 1998, when the author was
managing the global SPI program in the case organization but had already decided to
move on to other challenges as a part of personal development. Since the author had
accumulated substantial experience and knowledge concerning the Software Process
Engineering system, its problems and structures, and had realised that very little related
experience reports had actually been published, the idea of publishing the results of the
author’s work as a doctorate thesis was a natural step. The idea was also supported by the
author’s own line manager, since capturing of such knowledge and experience would
benefit the company as well.

As the case had already been concluded the strategy was to collect evidence from the
period and answer the research problems by analyzing and interpreting it. An additional
advantage was that since the author has been closely involved in all the events and
activities related to the case, he had insights that would otherwise be difficult to obtain.
This, however, was recognized also as a risk to the research, as the personal involvement
invariably injects a certain amount of bias to the study. To minimize the effects of the
bias and to retain an objective view to the case, data triangulation method has been used.
According to Miettinen data triangulation “involves checking inferences drawn from one
set of data using other data concerning the same phenomenon and independent from the
first set” (Miettinen 1998, 44). In this study the specific type of data triangulation is
technique triangulation, where data collected by different methods are compared to get a
truthful picture of the case.

First of all, the research relies heavily on documentation created as a by-products or
deliverables of the SPE activities. The material was created prior to the time when there
was a notion of making a research of this subject. Although the material was not created
for research purposes, it nevertheless captures the views, thoughts, problems and
activities as they were at the time and thus provides both wide and objective view to the
events and activities. All the material from projects that implemented the change in SPE
approach has been stored and saved and, barring some single cases, nothing has been
deleted.



19

The main problem with the material is that it largely captures only the actions and end
results of e.g. analysis workshops but usually does not document the intermediate results,
reasons behind decisions and so forth. Furthermore, the material is not structured; it is in
fact very fragmented, although extensive. For this reason the events had to be
reconstructed by using multiple sources and joining different sources using the author’s
own personal knowledge of the relationships between the different pieces of information.
The fact that the position as a manager to the entire process engineering system provided
a prime view to the activities and events has further supported this work.

The author has a full access to all abovementioned material (see also Appendix 2:
NMP internal sources for the study), which includes:

• Meeting agendas and minutes, from all levels of SPE organization
• Action items for all SPE staff
• Operative and sponsoring management material, including budgeting, plans, etc.
• Discussions in an electronic discussion forum ‘SW Forum’ (an open electronic

forum / project management system focused on software technology issues)
• Process documentation
• Presentation materials, interim reports (usually filed monthly), project/action

plans and deliverables
• Workshop memos and project internal working documents.
In addition the author himself has additional material, including
• Memos / notes / handouts: The author has retained all directly task/project –

related non-electronic documentation (in folders).
• Personal log including:
Ø Personal work diary
Ø Calendar notes: Personal action items, marginal notes, calendar memos
Ø Personal e-mail: The author has retained nearly all directly task/project-

related mail exchange from the entire case period (in the mailserver)
Ø Travel reports: The author has retained copies of all travel plans and invoice

reports. These are administrative forms required to be filled in NMP in order
to get travel tickets and reimbursements (respectively). The forms require a
description of the travel route, destination, and the reason for the trip (in an
electronic travel planning and invoicing system ‘Trace’).

Second, the key people who have been involved with the SPE system in NMP have
been interviewed to augment the documented material. Many of the interviewees have
product development experience as software engineers or project managers and have thus
been able to provide not only process engineering but also product engineering
viewpoints to this study. Furthermore, the involved individuals have reviewed and
approved those parts that deal with issues they have been focusing on as well as the final
results and conclusions presented in this thesis.

The material from both the case and literature was collected during spring 1998, and
the literature study conducted in summer 1998, the author also continued to survey the
literature throughout the research period. The most notable publications from the period
of 1988 to 1998 were studied to find out what has been published concerning the
establishing, managing and improving the SPE system itself. The key publications are
presented in chapter 4 of this study.
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The actual research problems were formulated after the literature study. At that time
the author also handed over the SPI program manager’s position and focused on the
thesis. The case material that had been collected thus far was processed, the case
documented during August-October 1998, the analysis and synthesis done in September-
December 1998. The author also continued to collect the case material throughout this
period, but the end of the year was selected as a cut-off point as the thesis is to be
finalized in 1999.

3.5. Author’s involvement and contribution to the results

Although the case is studied from historical perspective, the author’s involvement in this
research is not limited to merely documenting the events and analyzing them. Instead, the
author has been an instrumental figure in the change process itself, e.g. the author is the
main architect of the current SPE system and managed the project that revised the
system. Furthermore, the author has long-term personal experiences as a part of the SPE
system within NMP and has seen its evolution during the growth and globalisation. The
author has also first-hand experiences of the problems in the SPE system and through the
career advancement has seen the system from the ‘grass-root level’ all the way up to the
top operative manager’s viewpoint.

The author’s involvement with Software Process Engineering begun in 1993 when he
was hired as a software process expert to NMP, into the site which had the global
responsibility for software technology research and improvement. The software process
community of NMP at that time was relatively small and the company had not previously
had anyone with as extensive background in software process issues as the author had.
For this reason the author became de facto responsible for looking after software
processes and for providing consultation to the global Quality, Methods and Tools team
leader in process matters.

The first assignments of the author included tailoring the main life cycle model of the
product development programs to suit for software subprojects, supporting the software
projects in any possible process-related problems, collecting and analyzing organization-
wide self-assessment results, representing NMP in ISO 15504 work, and so forth. In this
work the author had both local and global duties gaining substantial experience in both
the ‘grass root level’ SPE work and of the problems with global level SPI actions.

When the SPE policy of NMP was changed in 1995 and the implementation of the
new approach started, the author was one of the three members and the only NMP
representative in the first of the projects which aimed at implementing the change, the
other two members being from Nokia Research Centre. This project established the
foundation of the revised SPE approach. He then actively participated as an external (to
the project) consultant for the second of the change projects which implemented the new
system to manage the software process documentation, and participated actively in
preparing the Nokia corporate –wide process improvement initiative as the de facto
representative of NMP.
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In late 1996 the author was nominated as the project leader of the last of the change
projects which revised the NMP’s Software Process Engineering system and initiated the
new SPI program. Finally, when the new system was being operated, the author was
nominated as a SPI Manager of Nokia Mobile Phones, responsible for the entire SPE
system, the global SPI program and SPE strategies in NMP. The author was in this
position until August 1998, when he turned the task over to the new program manager in
order to be able to concentrate on the writing of this thesis. However, the author has
continued to actively participate in planning the new SPI program and has been
contributing also to Nokia corporate software strategies.



4. Related work

The key references related to SPE systems are the various software process models and
SPI project infrastructure models presented in the literature. Several such models have
been published over the course of the last ten years, each exploring the subject from its
particular viewpoint. In addition to the models, the literature also provides some industry
experience reports that describe a system for SPE or how a particular SPI program had
been set up and operated.

The models have here been divided into two broad classes according to their content.
These are SPE process models (see section 4.1) and SPE infrastructure models (see
section 4.2). The first class contains models that identify process-like activities and give
definitions for them. The second class contains models or similar descriptions of
structural or supportive elements, such as organization, that are needed to make the SPE
system operational and support the activities. The industry experience reports are
presented in section 4.3.

The previous research publications have here been presented in a very concise form.
The key models are identified and a comparative summary of similar models is presented
to point out their relative strengths and weaknesses. The industry experience reports are
likewise presented as a short summary. There are two reasons for the brevity: first, all are
highly recommended readings in their own right for those interested in or working with
the topic of this thesis; and second, a more detailed summary would be in disproportion
to the rest of this thesis, sizewise.

In section 4.4 the related work is summarised and analyzed to point out what areas
have not yet been researched and what kind of information has not been previously
published.

4.1. SPE process models

The term process model is here used to denote models that identify activities, provide a
description of the purpose for that activity, and possibly also indication of how to carry
out the said activity. The model may or may not have a structured hierarchy of processes,
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and/or link up the various processes into a sequence or (life-)cycle. A number of such
models exist in the literature, some of them readily available for anyone and have been
around for nearly a decade, while others are harder to obtain. The reason for the latter is
either because the model has not yet been made public, or there is no definite publication
or reference for them and the only practical way to get the material is to attend a course,
tutorial or seminar where the said model is presented. All the more widely known process
models are presented below.

4.1.1. Key process models

The oldest of the models presented here is the SW-CMM 1.1 (Paulk et al. 1993b). The
model is intended to support software process capability and maturity assessments and to
that end it has a software process maturity model that can be used to identify process-like
entities. The model has three-level hierarchy, where four process “maturity levels”
(highest level) have been divided into “key process areas” (KPA’s), which in turn have
been further divided into “common features”. There are total of five maturity levels, but
the first level has not been divided further into key process areas, as it is considered to be
the initial state. The model has been primarily intended as a roadmap or guideline
towards higher process maturity levels and presents the characteristics of each maturity
level by describing what elements certain processes have at a given level. For this reason
the same process (e.g. project management) can appear as different instances (takes
different forms) at different maturity levels. SPE-related activities can be found from
maturity levels two to five.

The Trillium –method (Coallier et al. 1994) has been developed by Bell Canada for
the purposes of software process maturity assessments and to provide a guideline for
software process improvement. Largely based on SW-CMM 1.1 model, it has been
developed especially for telecommunications industry. The process model incorporated in
the Trillium model has a three-level hierarchy, where the activities have been grouped
into “capability areas”, divided into “roadmaps”, which are then described by presenting
their characteristics at different “maturity levels”. The capability area “3: Process” has
been devoted for process-related activities and practices.

The IDEALSM 1.0 model for software process improvement program life-cycle
(McFeeley 1996) contains a process model dedicated for software process improvement
activities. The IDEALSM 1.0 model is intended as a guideline for executing an
improvement program and for that reason the activities are grouped according to when
they take place in the sequence from initiation to completion of the program. All the
activities identified in the model are related to SPE.

The ISO 12207 (ISO/IEC 1995) is an existing standard for software engineering
processes. This model is meant as a common architectural reference model and is
intended to provide a comprehensive set of for software life cycle processes. It does not
specify how the activities are carried out. The model provides a static view to processes
and has four architectural levels, which are from top-down: Process Categories,
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Processes, Activities, and Tasks. The SPE-related processes have been grouped into
“Organizational Life Cycle Processes” –category, under “Improvement” –process.

The Bootstrap –method for software process assessments includes a software process
architecture to support assessment activities. The latest version – version 3.0 – of this
method (Bootstrap Institute 1997) is not available in any particular publication as of this
writing. An earlier model has been published in a book “Software Process Assessment &
Improvement – The Bootstrap Approach” (Kuvaja et al. 1994), but the process model has
undergone an extensive revision as it has been aligned with an early draft version of the
ISO 15504 process reference model from 1996 (ISO 15504-2 v. 2.0 (ISO/IEC 1996a), but
see also below for analysis of the 1998 version of ISO 15504 (ISO/IEC 1998a)). The
Bootstrap model for software processes is a layered process architecture model that
provides a static view to the processes, rather than describing a process flow or a
sequence of the identified processes. The architecture divides processes into three
categories, two of which (Organization, Technology) have one layer beneath them and
the third (Methodology) has two layers. SPE-related processes exist in all three
categories, especially in the “Process-related processes” –subcategory under the
“Methodology”-category.

The forthcoming ISO standard for software process assessments, ISO 15504, contains
an extensive software process reference model, which is presented in ISO 15504-2: A
reference model for processes and process capability (ISO/IEC 1998a), and to more detail
in ISO 15504-5: An assessment model and indicator guidance (ISO/IEC 1998b). The
material has not at the time of this writing been published as an official ISO standard, so
the analysis is here based on a proposal from 1998 which has been available for research
and commentary purposes for those institutions that are participating to the
standardization work. The model provides a static, three-layered process architecture,
where the layers are (from highest to lowest) Category, Process, and Base Practice. The
implicit intention is to cover all software engineering processes in order to provide a good
basis for comparing different software process assessment methods. It is intended to be
used as a reference which identifies elementary processes that can be combined and
linked in a number of ways and for this reason does not build connections between the
processes as to define some sort of a process flow. The ISO 15504 reference model has
been aligned with that of ISO 12207 model, and for the purpose of establishing an SPE
system these two models can be considered the same. The SPE-related processes have
been grouped under Organization Process –category.

The future ISO 15504 standard contains also another software process model,
presented in ISO 15504-7: Guide for use in process improvement (ISO/IEC 1998c). This
model is intended to guide the execution of a software process improvement program and
defines a set of process improvement activities that take place in the life-cycle of the
program. The model has been largely based on the IDEALSM 1.0 model for similar
purposes and like its paragon, also the ISO 15504-7 activity model describes the activities
according to their place in the flow of events from start to the end of the program. All the
identified activities are related to SPE.

There are also a number of models intended primarily for guiding an execution of a
single SPI action. Much like IDEALSM 1.0 and ISO 15504-7 (for both, see above) in
form, these improvement action cycle models tend to be much simpler and put less
emphasis on issues such as managing the improvement initiative itself or establishing
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long-range plans. They do not concern themselves with the scope of multiple
improvement activities and do not support the initiation and sustaining the SPI program
(Debou 1997). These models typically identify at least the three following major
activities: Evaluating, Planning, and Effecting. The order of the activities as well as the
way how activities have been either split or combined differs from model to model.
Evaluating the process determines what the problems are, how the improvement has
affected the process, or what is the context for deploying existing models. Planning for
the improvements covers both definition of long-term objectives for process performance
as well as plans for particular improvements. Effecting the change to the process includes
the designing, implementing and sustaining the change. Since these models have only a
very limited view to the SPE activities, they are not considered as key references, but the
most notable ones are listed below for the sake of completeness. The list is not in any
particular order:

• Plan-Do-Check-Act (PDCA) (Shewhart 1931)
• Quality Improvement Paradigm (QIP) (e.g. Basili & McGarry 1998)
• Effective change process (Humphrey 1989)
• The AMI approach (Pulford et al. 1996)
• Pr2imer process (Karjalainen et al. 1996)
• Process Improvement Paradigm (Dion 1993).

4.1.2. Comparative summary of process models

While a number of software process models exist, they approach the subject from very
different angles. Each model is structured according to their intended purpose, and for
that reason a comparison between the models is difficult.

There are two main purposes for the models listed in the previous chapter: those
intended to provide guidance for the execution of an improvement project, be it a
program or a single action, and those intended to support process assessments. The
models covered by the first group are the IDEALSM 1.0, ISO 15504-7, and the
improvement action cycle models. The models belonging to the latter group are the SW-
CMM 1.1, Trillium 3.0, Bootstrap 3.0, and the ISO 15504 process reference model. In
addition the ISO 12207 can be considered to represent a third purpose, as it is intended as
a standard that identifies the activities a software development system needs to establish.
However, as mentioned earlier the ISO 15504 has been aligned with ISO 12207 and since
ISO 15504 is more recent and has a more extensive process model, it is considered here a
superset of ISO 12207 and the latter is not discussed further.

The models that are intended to guide an improvement project aim at defining how to
proceed in executing the project, and for that reason emphasize the sequence of activities
and the flow of information from one activity to another. The process models supporting
these guidelines have the primary purpose of defining those processes that belong into
such an action cycle and the models invariably group the activities according to their
place in the cycle. These models are typically also accompanied with a description of the
infrastructure for such a project.
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The process assessment methods aim at identifying the maturity of the target
organization’s software engineering process. The process models supporting these
methods have the primary purpose of defining those processes that are essential for
software engineering, and for that reason need to be evaluated (Kinnula 1995a, 28-30).
As such they tend to focus on identifying processes as static entities, rather than building
links between different processes and defining a flow of activities. How the processes
have been presented varies. For instance, the SW-CMM 1.1 approaches the processes
from maturity perspective and splits the same process across different maturity levels,
while in ISO 15504 reference model the process architecture and maturity characteristics
have been detached from each others, both being models in their own right. Trillium 3.0
is closer to SW-CMM 1.1 in this respect, while Bootstrap 3.0 is closer to ISO 15504. As
generic process models, these do not typically describe an infrastructure required to make
them operational.

From the viewpoint establishing an SPE system, the strength of the first group is its
focus on SPE activities, and the link to the infrastructure models. However, assuming that
process engineering may cover also something beyond just improvement the models are
potentially too narrowly focused. With the improvement action cycle models this is
already clearly the case and the risk exists with the program life-cycle models as well.
Another problem is that an SPE system is more like a standing organization – much like a
software development unit – and improvement projects are activities within that system,
again like product development projects within a software development unit. Thus the
models in the first group are not only potentially narrow, but they also have wrong scope
and unsuitable process architectures, as they describe a flow of actions and assume a
system with a finite life-cycle.

The process models in the second group are closer to what is needed when setting up
an SPE system. However, there are clear differences between the process models in this
group. The architecture of both SW-CMM 1.1 and Trillium 3.0 makes them difficult to
use, as they do not identify processes but rather characteristics of a system at various
stages of maturity, making it sometimes difficult to decide what processes there are. The
Boostrap 3.0 and ISO 15504 reference models have, on the other hand, a very suitable
architectural approach as they group activities according to the purpose of the activity.
The main problem with process models that support process assessments is that they are
likely to identify only those which are considered important from maturity determination
viewpoint. The rationale behind this is that the number of items to measure has to be
limited in order to execute the measurement action in a reasonable amount of time
(Kinnula 1995a, 28-33). Since the purpose of the assessments is to determine the status of
product development process, the risk is that they overlook SPE activities. Another
problem is the fact that that these models try to cover the entire software engineering
domain and SPE activities have to be filtered out of the model. Also the lack of a link to a
supporting infrastructure model is a weakness from the viewpoint of establishing an SPE
system.

Comparing all the models from the viewpoint of establishing an SPE system, the ISO
15504 process reference model is perhaps best suited for the purpose. It is the most recent
and most extensive of all process models listed here, as in practice all the organizations
behind the other process models have been participating in the effort of defining the ISO
15504 standard. It has also been aligned with the ISO 12207 standard and thus can be
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considered to incorporate all that is in ISO 12207. However, the lack of a link to any
infrastructure models means that the person responsible for setting up the system must
look elsewhere and combine several models.

4.2. SPE infrastructure models

The term infrastructure model is here used to denote models that identify and describe
those elements that are needed to support the execution of activities in an SPE system.
The model may or may not describe the activities it is supporting, but when it does it can
be considered a system model. In practice all the models listed here, with the exception of
SW-CMM 1.1 and ISO 15504-7, are system models but, as will be discussed, they are
limited in scope. Apart from the ISO 15504-7 material, the models listed in this chapter
have been made public, although the Experience Factory model does not have a definite
publication and the reader may need to utilize several articles to get a clear picture of it.
All the widely known models are presented below.

4.2.1. Key infrastructure models

The Experience Factory model (e.g. Basili & McGarry 1998) has perhaps the longest
history of the models presented here. It is primarily an organization model, but also
identifies certain tools and methods needed to support the activities, and defines the
process (QIP – Quality Improvement Paradigm, which is an improvement action cycle
model) which the experience factory system executes. The organization model identifies
both the operative element and the customer element of the system. The model itself is
presented as an implementation model; i.e. it describes the design of the system, rather
than identifying the fundamental elements for an SPE system and in one source a support
element is also identified as a separate entity (Basili & McGarry 1998, 51). The material
states explicitly, that the Experience Factory is for supporting the reuse of local
experience (Basili 1994, 47, 49) and is meant as a model for local infrastructure, as
opposed to the corporate-wide infrastructure. As it incorporates the QIP cycle, it can also
be considered to be intended primarily to support single improvement actions.

The SPE system model presented in IDEALSM version 1.0 (McFeeley 1996) describes
a SPI program cycle (process model), together with a model of an SPE organization. The
organization model describes the operative elements of the improvement program,
including management. The model also provides some indication of the characteristics
and skills expected from the individuals who participate in the SPE activities. The model
is focused on describing a (single) process improvement program and its execution and is
clearly an implementation model, describing the design such a program. The material
states explicitly that the model is intended for organizational (local) level programs
(McFeeley 1996, 8), although the organization model identifies corporate (global) level
entities as well.
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The forthcoming ISO 15504 series includes a SPI program life-cycle model in part
15504-7 (ISO/IEC 1998c). This part of the standard also gives some indications of what
kind of organizational entities are involved in such a program. The entities are, however,
described from managerial responsibility viewpoint only, and the description is not
intended to be used as an organization model. For this reason it is possible that the
material does not identify all essential organizational entities, although it does recognize
some elements beyond just the operative part of the improvement program. Other
possible supportive elements are not discussed in the material and the model is primarily
a process model rather than a system or infrastructure model. As with IDEALSM 1.0, the
ISO 15504-7 is also focused on a (single) improvement program and does not describe
SPE infrastructure or processes beyond the scope of such a program.

The SW-CMM 1.1 (Paulk et al. 1993a, b) does not have a separate infrastructure or
process model for SPE issues, but it does identify process institutionalization factors.
These are abstract descriptions of elements necessary to support the operation of any
process, thus logically also the SPE processes. The institutionalization factors are
described through common features. The “Ability to Perform” common feature has the
most focus on infrastructure-like entities, but all the other common features also identify
some necessary elements to support process activities. The SW-CMM 1.1 is not an
implementation model, as it does not present a design for e.g. organization, but rather a
more abstract model as it identifies “roles and responsibilities” (equivalent to
organization) as one necessary element. However, it is not a generic architecture model
for an SPE system either, since the model is not intended to support establishing a system
but to describe different maturity levels of software engineering processes in general.

The book “Software Process Improvement – Practical Guidelines for Business
Success” (Zahran 1998) contains a model of an infrastructure for effective software
process improvement. Although perhaps less widely known that the other models, the
book focuses on establishing an SPE system and for that reason it is an important
reference. The book approaches the subject by first describing the fundamental
infrastructure elements and for that reason comes very close to being a generic
architecture model for SPE system. In addition it includes an implementation model for
the SPE system. The model presented in the book describes the organization and the
technical infrastructure, both of which are heavily influenced by CMM-related models.
The scope of the organizational model is limited to operative organization. The model
also identifies the organizational layers on which an SPE system must reside, and
describes the characteristics and objectives for the SPE activities of different layers.
There are also some indications of the activities the system must support, but these have
been only briefly listed and not described, so it cannot be considered to include a process
model.

4.2.2. Comparative summary of infrastructure models

Nearly all models presented above are actually SPE system models, but most of them
have a very limited scope as they focus on only improvement projects, rather than on the
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entire SPE system. Such models are so closely tied up to the improvement life-cycle
process that they are difficult to use for setting up an SPE system, which is more like a
standing organization than a project-like entity. Organization models for the most part
describe only the operative elements, i.e. those actively and directly involved in the SPE
work. The models also typically provide only an implementation model, but the more
fundamental building blocks can be discerned by analyzing those models and increasing
the abstraction level. When this is done, it appears that the models have differences even
at the more fundamental level.

The Experience Factory identifies process, organization, and technologies (tools and
methods). However, the technology part is described in a rather piecemeal fashion and
the lack of a definite publication further hampers the accessibility and use of this model
in establishing an SPE system. The model is also intended for local use, primarily for
single improvement actions, and is an implementation model. All these make it rather
narrow in scope for the purposes of establishing an SPE system, especially in multi-site
environments. The organizational model focuses on the operative organization but can be
considered to identify two non-operative organizations (customer, support organization)
as well, although the former is discussed only to the extent of its SPE responsibilities.

The IDEALSM 1.0 model identifies process, organization, skills and background
requirements for people staffing the SPE system. Technologies are not discussed, but the
model does recognize two organizational layers (organization level – corporate level). It
is an implementation model, meant for an improvement program rather than an entire
SPE system, and for that reason is too narrow in scope for the purposes of establishing an
SPE system. It is also intended for local level use, which further reduces its usefulness for
setting up a multi-site SPE system. The organizational model identifies only the operative
organization.

The ISO 15504-7 model identifies process and gives some, but very limited, view to
the organization. Other aspects of the infrastructure are not discussed. The model claims
to be scalable (i.e. applicable also in multi-site environments). However, like IDEALSM

1.0, it is still meant for an improvement program only, and has the same drawbacks for
the purposes of establishing an SPE system. The focus is on an operative organization,
but a customer entity can be discerned as well.

The SW-CMM 1.1 gives indications of both processes and infrastructure elements,
the latter of which includes organization, tools and methods, skills and other people-
related aspects, and process documentation. However, all these are described only very
briefly and there is neither a proper process model nor a proper infrastructure model. The
SW-CMM is intended to give an improvement roadmap and the way it has been
structured makes it difficult to be used in establishing an SPE system. There are no
organizational models in SW-CMM 1.1.

The only model that has been developed with the entire SPE system in mind is
presented by Sami Zahran. This model identifies organization, tools and methods, and
process documentation, and has a very clear and good model of the organizational layers
on which the SPE system must reside. It also provides both an abstract architecture for an
SPE system, as well as an implementation model or design for such a system. However,
the material lacks a process model and the design of the tool and method-part of the
infrastructure is somewhat unclear. There are also some internal discrepancies in the
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implementation model for the SPE organization as well, and it identifies only the
operative entities.

4.3. Industry experience reports

Although a number of industry case reports of SPE activities are available, they tend to
focus on single improvement actions or, at most, on process improvement programs and
even there the scope is typically limited to local rather than multi-site programs. The
articles of process improvement programs do give indication of the SPE activities,
success factors for an improvement program, as well as supportive elements behind the
program. The literature study covering the past ten years did not bring up any articles of
establishing and managing an SPE system itself.

This chapter presents a summary of the industry experience reports of software
process improvement programs from the public domain (journals, conference
proceedings).

4.3.1. Experience reports

The most well-documented program in the public domain is the NASA / Goddard FDD
improvement organization (e.g. Basili et al. 1995, Basili & Green 1994, Basili &
McGarry 1998), which is the source of the well-established Quality Improvement
Paradigm (QIP) and the Experience Factory (EF) approach. The program adheres to these
models and has been active since the mid-80’s. As both QIP and EF have already been
discussed in earlier sections, this industry case is not described further in this section.

The oldest description of a SPI program comes from Hughes Aircraft, describing the
execution and results of a single-site software process improvement program based on the
CMM approach (Humphrey et al. 1991). The material provides a description of the
program organization, which was formed by locating the existing roles that already
covered some of the necessary responsibilities; these people were brought together to
form a SEPG (Software Engineering Process Group). The article also states that to be
effective, the people involved in the improvement work must become process experts and
have both skills for and a deep understanding of the methods and tools for improvement.
A number of activities for both the SEPG and for the improvement program itself have
been presented in the article. The SW-CMM is mentioned separately as the method used
to support the improvement program.

The Raytheon SPI program is described in three articles (Dion 1992, Dion 1993,
Haley 1996), and actually covers two different programs. However, both have almost an
identical set-up and the minor differences can be attributed to the three-year gap between
the articles, taking the assumption that the improvement program in Raytheon has been
evolved over time. The material describes the responsibilities of the program and the
organization, which has a steering committee, a SEPG manager, four permanent working
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groups, and ad hoc task teams. The SW-CMM is mentioned as the method behind the
improvement program and is used for self-assessments. In addition the program uses
Mitre Corp.’s Management Metric Set for process evaluation and measurement, and
Raytheon’s own Process Improvement Paradigm as the model for process improvement
action cycle.

The only description in the literature of a corporate-wide SPI program comes from
PRC, a subsidiary of Litton Industries (Hollenbach et al. 1997). In PRC each project
establishes its own improvement program and these are in turn supported by dedicated
process improvement support organizations. PRC’s approach is based on the Quality
Improvement (QI) framework, developed by Florida Power and Light. The article
describes the organizational set-up for the project-level programs and for the entire
corporate-wide program. On the method side the improvement teams utilize a seven-step
QI procedure for problem solving. The original QI tools and techniques were augmented
with SPI-specific tools and methods, which are presented in the article. Like with the
other experience reports, the SW-CMM is the most prominent method in this
improvement program as well. Adding to these, domain engineering techniques are used
for building reusable processes and PRC also has a web-based process asset library and
has automated a PRC Maturity Questionnaire, which is used to capture status analysis
and reporting. The questionnaire is based on SEI questionnaire, but has been expanded by
PRC. The article also identifies the need for specific skills in SPE work both within and
beyond the operative improvement program organization.

While the article by Diaz and Sligo (1997) provides information of the SPI program at
the Government Electronics Division (GED) of Motorola, the main focus of this article is
on metrics and metric-related issues and it is intended to show data of the results of
Motorola’s SW-CMM usage. Because of this it is not likely to provide a comprehensive
picture of the improvement organization or the tools utilized by the improvement
program. The article explains how the improvement organization has expanded from one
working group to four teams and provides one example of such a team. As Motorola uses
the SEI approach, the SW-CMM and the self-assessments are central tools for the SPI
program. The SPI program has also created a Burden Code Metrics tool which collects
the amount and type of effort expended on each project, and a Level 5 Metrics tool,
which helps projects to integrate metrics collection from various sources in their level 4
and 5 activities.

The Oerlikon Aerospace case (Laporte & Papiccio 1998) describes an improvement
program which has used the IDEALSM 1.0 model to guide its software process
improvement program. The program was essentially a single-site activity. The article
describes the improvement program organization, which follows the one suggested by the
IDEALSM 1.0 model. The skill needs and how the training was arranged is also discussed,
as well as the background of the members of the improvement organization. The core
method for the improvement program was the SW-CMM 1.1. CMM-based assessments
were used to identify improvement areas and to evaluate results. The IDEALSM 1.0 model
was used to give structure and guide the activities of the SPI program itself.

All the abovementioned articles also discussed the key factors for the success in their
respective cases. In all instances management commitment and involvement were seen as
one of the most important if not the most important factor. SPE system -related issues
(e.g. successful set-up of the program, skills, tools and methods, etc.) were cited as key
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success factors in all but the Motorola case. The remaining success factors were specific
strategies and approaches, such as involvement of practitioners in the improvement
activity itself (Raytheon, PRC, Motorola), or linking the improvement activities to
business objectives (Raytheon, Motorola, Oerlikon).

4.3.2. Summary of experience reports

The articles are largely focused on describing the successful results of the improvement
programs and although the SPE system set-up was cited as a key success factor almost in
all cases, these references provide only very limited support for establishing and
managing such a system. The most important SPE system elements that can be discerned
from these articles are the SPE activities, organization, methods and tools, and people-
related issues such as skills. While the organization models all describe the operative part
only, some articles suggest that other organizational entities are also involved in the SPE
work.

4.4. Summary of related work

Although there are several related models and articles that can be used as sources and
references in establishing, managing and revising a Software Process Engineering
system, they all have their own limitations and there is no single reference that would
provide an comprehensive overview of the SPE system.

Those models that combine both processes and infrastructure elements are focused on
describing a SPI project, rather than an entire SPE system. When compared to each other
these models can be seen to identify different activities and infrastructure elements and
typically provide only an implementation model for the improvement project, rather than
discuss about the fundamental elements that make up the architecture of the SPE system.
They also focus largely on organization and in many cases limit their view to the
operative part of the organization. Furthermore, in such models the architecture of the
incorporated process model is cycle-based and thus not very suitable for establishing an
SPE system. On the other hand, those process models which would have a more suitable
architecture do not have a corresponding model of the infrastructure. The experience
reports do not provide support for setting up and operating an SPE system, either, as their
scope is limited to SPI programs and the view they give to the underlying SPE system is
very shallow.

The most suitable reference for the purpose of establishing an SPE system is the
model provided by Zahran (1998) in his book “Software Process Improvement – Practical
Guidelines for Business Success”, which is written for this very purpose. However, there
are several problems in this reference as well. First of all, while it does give a more
abstract view as well as an implementation model for an SPE system, the implementation
model has several internal discrepancies which leave the reader confused and somewhat
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in doubt of how well-thought the model actually is. Second, at a more abstract level the
architecture does not identify e.g. skills and other people-related issues as an architectural
element although several other models do. Thus even this model comes short of
providing a comprehensive architectural view to the SPE system. Finally, the
organizational model provided by Zahran is limited to the operative organization only.

The need for more abstract models, i.e. architectural design models, may not be clear
for a casual reader. However, such models are essential for those who need to go about
setting up an SPE system that should endure through time, adapt to the changes in the
environment, be manageable, effective and efficient. These systems cannot be copied
directly from idealistic models but have to be built from scratch or tailored from external
models to match the host organization. Such an approach was identified as one of the key
issues e.g. in Hughes case where the initial attempt to establish the system actually failed
because they tried to implement the SEI model literally (Humphrey et al. 1991, 18).
Aligning the organization with the corporate culture and organization, to minimize the
organizational stress and resistance to SPI is in turn cited as an important factor by
Zahran (Zahran 1998, 105). Also Carr, et al. (1995) emphasize that process is a system
and an architecture for the system is needed if the process is to be understood and
improved.

An architectural design model of the entire SPE system is a critical tool for those who
need to set up and operate an SPE system. It identifies the fundamental elements that
need to exist – the essential activities and the supportive elements – and provides an
understanding of how the SPE system should extend throughout the different layers of
the host organization and how the instances at different layers link together to form an
operative system. With such a model, the operative manager can compare the
comprehensiveness of different implementation models from the literature and identify
areas where such models are weak. Without such a model, the gaps may be missed and
learned the hard way. Also when the system needs to be evaluated or revised, the abstract
architecture model is useful as it provides a view beyond the current implementation. The
purpose of each existing element can be compared to the architecture and thus prevent
some elements from becoming legacy elements, continuing to exist only because they
have become institutions in their own right.

The need for the organizational architecture to go beyond the operative part may not
be too obvious at first, either, but it becomes apparent when it is understood that no
organization operates in a vacuum. An SPE system must recognize the most critical
external organizations it is continuously dealing with, so that it can establish the strategy
for, build an interface to, and plan and manage the cooperation with such entities up
front, rather than doing it ad hoc whenever a new link to another organizational entity
appears.



5. Case background

This chapter presents an overview of the NMP as an organization and environment for
SPE. It also describes how the events in the past have shaped the SPE system into what it
was until it was decided that a major revision was needed in order to launch and sustain a
new improvement program. The models that are the focus of this thesis were established
to facilitate this revising of the SPE system. The term ‘process engineering’ is used here,
although in practice this term was adopted only after 1996 and the earlier term used was
‘process improvement’. This is to avoid confusion with the more specific use of ‘process
improvement’ in the latter part of this thesis.

It is important to understand that the overview takes the viewpoint of how Software
Process Engineering has been done in NMP. Possible criticism towards e.g. certain
management organizations is strictly from this viewpoint only. The involved
organizations often had much broader scope and responsibility than just software
processes, and for this reason the criticism may not be taken as an evaluation of the
effectiveness of the identified organization in general. For instance during 1995-1996
when process work was experiencing severe problems, there was considerable progress in
many other areas, such as product architecture, which was another area of responsibility
of the same organization that looked after process issues.

The first section of this chapter establishes the organizational context of the case. The
second section provides an historical overview of the evolution of both NMP as an
environment and the SPE system in NMP between 1987 and 1994. The third section
continues this overview by discussing more about the SPE management –related events
and activities from 1995 to the end of 1996. These activities are a part of the process to
change the SPE approach in NMP and the case studied in this thesis can be seen as a final
part of that process. The fourth section gives a more detailed view to the events that
finally led into decision to revise the SPE system. The case itself is about that revision
and is presented in chapter 6.
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5.1. Case organization: Nokia Mobile Phones, Ltd.

Describing the host organization in case studies is important, because it establishes the
context for the events and activities of the case. This is especially true with process-
related issues, as they are very closely dependent on the organization, its culture and
changes in the environment.

The main source for this chapter is http://www.nokia.com/inbrief/index.html (public
web page) and its sub-parts, as of May 1999. The information from the source has been
augmented with author’s personal knowledge of the company.

The case organization studied in this thesis is the Nokia Mobile Phones, Ltd. (NMP),
which is an independent business unit within Nokia Corporation. Nokia is a leading
global company focused on the key growth areas of wireless and wireline
telecommunications. In the beginning of the 90’s Nokia started to focus its business on
telecommunications by divesting its non-core operations. The strategy has been
extremely successful, resulting in both exponential growth and high operating profit. In
1998 the net sales of Nokia totalled EUR 13.3 billion (USD 15.7 billion). Nokia has its
headquarters in Finland, is listed on six stock exchanges, amongst them New York,
London, Frankfurt and Paris, and it employs more than 47 000 people worldwide.

NMP is a pioneer in mobile telephony and the world’s leading mobile phone supplier.
It is also a pioneer and a market leader in the wireless data business. NMP develops
mobile phones for all major digital and analog standards. Organizationally NMP is
divided into independent Research & Development (hencefoth R&D) centers and has a
matrix organization, where the line organization is responsible for resource management
and competence development, and the project organization is responsible for product
development.

The characteristics of NMP make it a very challenging environment for Software
Process Engineering, as the environment is full of superlatives. The company operates in
a market, which is extremely demanding. The market is very lucrative and for that reason
competition is extremely high, with several major players very close to each other and a
host of smaller companies vying for their chance to grab a larger share of the market.
This means that in order to maintain its position and increase its market share NMP has to
be very dynamic, agile, and sensitive to the customer demands and consumer trends, very
innovative, and able to bring out new products and features before its competitors. The
NMP strategy to be the key player in all major cellular systems makes the challenge even
harder.

However, NMP has been very successful and has an excellent track record in
innovation and in being first on the market. As a result of this, NMP has been able to
increase its market share and climb up from being the third largest cellular phone supplier
to being number one in 1998. The net sales continue to rise rapidly (92% increase
between 1Q1998 and 1Q1999), and the growth in operating profit is even more
significant (276% increase between 1Q1998 and 1Q1999).

The market demands and success therein has also had an impact on the organization.
The staff growth in NMP is exponential, and the term hypergrowth has been used as the
only word that can begin to describe the expansion both in geographical and headcount
terms. The staff growth over the last 12 years is close to 1000% (thousand per cent). Even
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now, when the total headcount exceeds 18 500 and the mass should start to slow down
the relative growth, the number of employees between January 1998 and January 1999
increased by 39,3%. This means that roughly half of the personnel have just joined the
company and about three-quarters have less than 2 years of experience at NMP. To
maintain processes with such a growth is close to being a mission impossible.

The demands from the market, continuously tightening competition and the fact that
NMP is very conscious about its relative weight in Nokia’s operating profit (roughly 60%
in 1998) and hence its importance to meet the obligation to the Nokia shareholders have
had a cultural impact as well. Agility is praised above everything else and anything that is
considered to be bureaucratic or to slow down product innovation and development is not
well received. Unfortunately processes tend to be perceived to be in this category,
partially because some mistakes in the past SPE activities. These issues have also ensured
that the projects have an extremely strong position in NMP, as they are the ones that
bring in the money. In addition NMP is not growing wantonly, although the growth is
exponential. Each R&D center has a growth limit and for the reasons explained above the
project staffing is always the first priority. As a result the relative growth in the SPE
organization has been far less than that of software practitioners, since process
improvement is not NMP’s business. This, in its turn, makes it continuously more
difficult to cope with process issues, especially since the growth on software side has
been much faster compared to other R&D technology areas.

NMP has also grown from hardware background and for that reason software issues
were for a long while considered as a side issue. The attitude of “it’s just software” was
very real in the management still a few years ago, despite of the fact that already at that
time nearly half of the product development effort was software effort. Although this has
now changed, the software and how to manage it is still a new thing to the top
management.

Finally NMP has an individualistic culture, which fosters independence – e.g. the
right to choose how to do the work, rather than being required to follow a standard. The
management style is very non-centralized and the culture does not favour orders from the
top. This is further strengthened by the fact that the R&D staff has a high percentage of
university degrees, i.e. people who have learned to think on their own, and that the
average age is around 30 (young, independent people). All this means that the benefit of
management oversight and involvement is considerably less for SPE issues than in more
centralized organizations, and process enforcement (e.g. Zahran 1998, 117-118) is almost
not an option at all. Consequently the SPE system must find a number of other ways to
get people interested and involved than going through top management channels.

To conclude, the environment in NMP is very demanding and challenging for
Software Process Engineering work. The main issues are shortage of resources
accentuated by relatively disproportional growth in software staff, individualistic culture
that is not in favour of following standard procedures, and a high pressure for fast
development and agility, which means that improvement benefits have to be visible right
away rather than in a few years, to get acceptance.
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5.2. Software Process Engineering in NMP: 1987-1994

NMP has had software process –related activities from 1987 to the present day. During
this period the focus of the activities has shifted from tool-centered viewpoint through
activity / process flow-centered viewpoint to a comprehensive understanding of a process
as a mechanism that covers technical, organizational, people, and activity aspects.
Likewise the system to take care of and carry out SPE activities has changed over time.
This change has, for the most part, been through responding to problems or changes in
environment when they have grown to be major enough to force the change. The system
has thus evolved reactively, rather than having been developed in a more proactive way,
with an attempt to try to anticipate the changes.

The timeline of SPE in NMP can be divided into six main periods; the Foundation for
SPE in NMP (1987-1989), a period of Economic Crisis in NMP (1990), the beginnings of
Globalization in NMP (1991-1992), the period of Hypergrowth (1993-1994) during
which time NMP expanded rapidly both in size and in geographical terms, the resulting
SPE Crisis (1995-1996), and the subsequent SPE Renewal (1996-1998). The four first
periods are discussed in this section, while the fifth period is described in section 5.3. The
last period is the case itself and is covered in chapter 6.

During the first period (Foundation: 1987-1989) NMP R&D staff was some 250
persons and there were two R&D sites, both in Finland. The second site was established
in the beginning of this phase and was designated as ‘software site’, with a responsibility
to look after and lead the research of software technology issues in NMP in general. This
responsibility has been continued to the present day and is one of the main reasons why
this particular site has considerable influence in software technology issues. The
foundations for the software processes and SPE in NMP were also established at this
phase. These included issues such as a team to support software development through
tool improvements, a life cycle model and document templates for software development,
a software engineering environment, specification and design methods, and an electronic
repository dedicated for process documentation. In addition the software line manager of
the ‘software site’ was responsible for overseeing the software technology research,
including processes, and can be considered a process owner. Since at that time the
software line and software projects were very closely intertwined and the line manager
had a considerable power over projects, the responsibility for software technologies was
effectively jointly owned between projects and line organizations. (Mukari 1990, Jylänki
1993b, Interviews.)

In 1990 NMP faced an economic crisis. As the cash flow was dwindling, all
resources were allocated to product development projects to do ‘actual work’ and the
software tools group was effectively disbanded. Although the responsibility for software
technology development continued to exist, there were no resources to be used and, as a
result, no activities. The SPE system was thus in practice non-existent during this period.

In the third period (Globalization: 1991-1992) NMP expanded beyond Finland and
formed two new R&D sites, one in United Kingdom and another in USA. The policy was
towards complete R&D sites, with each site having the necessary technical competence
to design a mobile phone. The software effort was thus no longer concentrated in one
site. The Finnish sites had roughly an equal number of software engineers, while the
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other two sites were smaller in this respect. As a reaction to globalization a new team
(SW TAG, Software Technology Advisory Group) was established to globally oversee
software technology –related issues, processes amongst them. The SW TAG consisted of
the senior software line managers from each site and the chairman of the group was the
line manager of the original ‘software site.’ An operative arm, or a resource pool for
improvement activities was another organization called QMT (short for Quality,
Methods, and Tools). This was formed out of the local quality engineers, first as a loose
information exchange forum but later as a more established organization with a global
team leader. Already at this point the SW TAG had adopted a policy that globalization
and the need to have cooperation between sites requires common product development
approach and use of common tools. This led to an increased attention to software
processes and from this period onwards NMP can be said to have had actual SPE
activities, although the concept of the process was limited to ‘activity’ or ‘work flow.’
The focus was on improving the processes from quality and process definition viewpoint.
The ISO 9000 standard was used as one guide for improvement effort, but the members
of the SPE system also made suggestions about what activities should be initiated.
(Jylänki 1993b, Interviews.)

Globalization brought also problems and the SPE system had its share of them. One
of the main problems was related to the policy of common process and tools, which
conflicted with the NMP culture and values that strongly favour local independence.
Consequently, new sites were not keen on adopting tools and processes from Finland.
Although the outstanding problems were always solved, the root cause – i.e. the cultural
bias – remained, and still exists. There were also problems with deciding what to improve
and sometimes the global improvement actions were based on the opinions of a single
site or even one person instead of being responses to a larger need. This created problems
with the roll-out, when some sites were not ready to accept fixes to problems they did not
have. A third item that later grew into a major problem – and which has its roots in this
period – was the separation of process work and product development work. The newly
formed SW TAG was a research function in NMP R&D, as opposed to product
development function where the product development projects belonged. This changed
the relationship between projects and processes, and the latter became more a research
topic than a practical project issue. The line organization was in theory the link between
the projects and research, but cultural changes accentuated by the economic crisis had
strenghtened the projects position over the line. The line organization was also hard
pressed to cope with the growth itself. As a result the line focused on resource
management issues, the projects had the power to decide their own practices and process
improvement was a remote research activity from project viewpoint. (Interviews.)

During the fourth period (1993-1994) NMP enteret into the state of hypergrowth, i.e.
an extremely rapid relative growth both in size and geographically speaking. This
strained the SPE system to its limits, especially because the increase in size was almost
completely centered on the projects (i.e. software practitioners), whereas the growth of
both the line (competence management) and research (process practitioners)
organizations was very modest. The growth and aggressive competition also necessitated
changes in how the products were developed and new types of development projects
emerged. Despite these clear changes in the environment the SPE system, approach and
policies remained the same. SW TAG continued as the steering group for process
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engineering issues, with the responsibility of defining the SW roadmap, initiating
improvement actions and providing resources. The actual work was carried out by a
global QMT team, which met once per month and included the local QMT team leaders
from each site. External consultancy was used in some process assessment and
improvement actions. Improvement actions recognized by SW TAG were global and
centralized, and the vision was to have common and uniform processes across all sites.
The improvement activities were focused on creating new process documentation,
replacing certain tools and introducing new ones. The life cycle model, however,
remained largely untouched. In addition the process documentation was migrated to a
new electronic repository. (Livingstone 1994a, Hintikka 1994a, Hintikka 1994b, Jylänki
1993a, Interviews, Personal log.)

Towards the end of the fourth period the problems in the software process started to
escalate. The assessments showed that processes as described and defined were not being
followed and the feedback from software practitioners indicated that the process
documentation was no longer relevant for the current project types. The process was
suited for developing a new product from scratch, but the practice was to reuse as much
from previous products as possible. Furthermore, the NMP process documentation itself
had been evolving over the years without a method to systematically keep the structure of
the documentation intact. The result was a set of guidelines that were partially
overlapping or even conflicting. The software practitioners were also complaining that
some of the guidelines were closer to theoretical tutorials on the topic, rather than hands-
on instructions on how to carry out the tasks. Some practitioners did not even know that
process documentation existed or used obsolete versions from the old repository. There
were also major problems with very critical global improvement actions, as the results
faced increasing resistance, projects were slow to adopt them, and attempts of company-
wide and even the local site-wide roll-outs had a tendency to fail. Increasingly, criticism
was also expressed about centralized process ownership and the vision of uniform
process towards the end of the period, especially from the global QMT. The slogans such
as “Think globally, act locally” and “Help people to help themselves” that were coined
by the then QMT manager indicate an attempt to move away from global responsibilities,
get process responsibility back to projects, and to focus on local improvement actions.
(Kaltio & Kinnula 1998, Kinnula 1997a, Personal log.)

5.3. Changing the SPE approach in NMP: 1995-1996

During this period (SPE Crisis: 1995-1996) NMP continued to expand at a rapid pace
although the top management focused on bringing down the growth to more manageable
levels, e.g. through recruiting limits. However, as the software was becoming more and
more the dominant part of the cellular phone, the growth on the software technology side
of the R&D continued at a high rate.

Towards the end of 1994 the SW TAG had come to the conclusion that the growth
and globalization had made it impossible to carry out the majority of improvement
actions as global projects. The old, centralized approach was thus no longer applicable in
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the current – both cultural and geographical – environment and the SW TAG agreed that
a major shift in the SPE approach was needed (Interviews). A new policy was adopted,
according to which the process improvement and support issues were, from 1995
onwards, a local responsibility. Local activities were asked to be reported to the SW TAG
Management Board by the individual board members. The new policy did not, however,
rule out global SPI projects, only that they would not be the mainstay of the process
improvement work but rather exceptions. Should SW TAG initiate process –related
projects, they would still be global projects and monitored by the SW TAG Management
Board. (Jylänki 1994a, Jylänki 1994b, Jylänki 1994c.)

The intention of this change in process engineering approach was to increase the
efficiency of the process engineering work by allowing local sites to tackle local
problems and encouraging them to increase their software process maturity by making
each site responsible for their own software process and its advancement (Interviews).
While the SW TAG chairman continued to be the owner of the standard process, the role
of the local software process owner became much more important. According to the
policy the SW TAG would be less active in process issues, focusing on monitoring the
situation.

In addition to the new policy, the SW TAG organization was drastically changed in
early 1995 to better fit to the environment it had to operate in. The new organization is
depicted in the Fig. 1. (an original picture from Jylänki 1995a, 1):

Fig. 1. SW TAG organization for 1995-1996.

Here it is important to keep in mind that the SW TAG was responsible for the entire
spectrum of software technology, and thus the organizational changes were not aiming
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towards more efficient process management, but rather to improve the efficiency of the
SW TAG as an organization, to bring the activities better under control and to enhance
the resourcing of the projects (Interviews).

The essential change from SW TAG viewpoint was that the SW TAG actions became
actual projects (arrow-like boxes at the left-hand side of the picture), with a project
manager and a proper steering group (rounded rectangle at the left-hand side of the
picture). The steering group chairman was always a member of the SW TAG
Management Board. Being a senior line manager, the steering group chairman could also
allocate resources for the project. R&D sites (ovals in the picture) were expected to have
local activities (boxes with an arrow at the top), including process improvement actions,
but this was not required (e.g. Site 2 in the picture does not have such an activity). The
R&D sites were also expected to take care of the local implementations of the global
technology projects (shown as a matrix between SW TAG projects and the sites). (Jylänki
1994b, Jylänki 1994c, Interviews.)

The most notable change from an SPE point of view was the abolishing of the Global
QMT that so far had been the operative arm for SW TAG in the software process issues.
During the reorganizing, the SW TAG scope was re-evaluated and specific subgroups
were established to do research in the focus areas (rounded rectangles on the right-hand
side of the picture). However, compared to Global QMT, the subgroups had a very minor
role and no operative power whatsoever. They were advisors, proposing activities to the
SW TAG Management Board, which would then initiate the actions as proper projects.
The projects reported directly to the SW TAG Management Board, and the subgroup was
not expected to have any particular relation to improvement projects or to local actions
(Jylänki 1994b, Jylänki 1994c). The responsibility to monitor the progress in each of the
focus areas was given to a particular site, rather than to the subgroup. In essence, a site
responsible for a particular area was to ensure that there was activity in this area and the
representative of that site in the SW TAG Management Board was the primary
coordinator for that area (Interviews).

Another major change that affected the SPE system was the separation of tools,
methods and processes (understood as procedures) into two different subgroups. When
the SW TAG scope was defined, all three were recognized as responsibilities for SW
TAG. However, the tools and methods were considered a separate area of interest from
processes and process documentation, and belonged to another subgroup. The process
subgroup was the largest and the most active of the three groups. Others had quite limited
activity and one of the groups was for all intents and purposes defunct. (Jylänki 1995a,
Interviews.)

The previous SW TAG (i.e. assembly of local senior SW line managers) continued as
the SW TAG Management Board (the central box in the figure). To compensate the lack
of operative arm, the role of the board became more that of operative management than
that of a steering group.

Apart from the changes in SW TAG organization, the fifth period also saw changes in
other parts of the SPE infrastructure through a number of specific improvement actions.
The focus of these activities was born out of the problems in the SPE process itself, and
from the decision to change the policy as discussed above. It was agreed that for the new
policy to work, the SW TAG should provide a clear distinction between the parts of the
software process that could be varied locally, and those parts that were owned globally.
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In addition, the feedback from the software practitioners clearly indicated that there was a
need to revise both the process documentation and the system to manage it.

Up to 1995 all the standard software process documentation had been entirely global,
which meant that the local improvement actions could not do changes to it without a
global review and approval. Dismantling the global ownership altogether was not an
option both because the standard documentation was considered as an valuable asset and
because it was required to exist in order to maintain the ISO 9000 certificate.
(Interviews.) The feedback from the field indicated, however, that the documentation was
rapidly becoming obsolete, software practitioners were not always aware of the standard
process documentation, they were sometimes using the obsolete repository because they
did not know that a new one had been established, and sometimes also chose to ignore
the documentation only because the new repository was not very user-friendly especially
as far as the user interface was concerned (Interviews, Personal log).

Thus instead of improving the software development processes, the SW TAG took a
look inward and initiated actions that would help it to implement the new policy and to
improve managing the process assets. The projects of this period included managing the
previous process asset library (SPUD-project), charting the needs for SPI support and
defining a new framework for software process documentation (SPIS-project), revising
the process documentation and architecture, establishing a new process asset library and
management system (SPIS2 / SWEP Implementation –action), and defining process
metrics for the purposes of monitoring the overall process status (SPIS2 / NMP SW
Metrics –action). These projects have been described to more detail in Appendix 1:
Projects involved in changing the SPE approach in NMP.

5.4. Reasons behind the revising of the SPE system

Despite the new policy and the supporting actions the problems in process work
continued and became even more accentuated during the period between 1995 to 1996.
While the SW TAG organization and activities in general were revised and brought into a
much better shape, the new policy and organization had little effect on the problems in
SPE. The organizational set-up was severely criticized by some of the SW TAG
members, who called for a stronger control in process area. They pointed out that
software processes were not being improved, or the improvements that happened at the
local level were not taking the company to any particular direction as far as process
maturity was concerned. Overlaps between actions also existed, since there was little
coordination. (Trebbien-Nielsen & Junius 1996.) Process improvement was seen to be
impulsive, the support for processes weak and the situation unstable (NMP 1996, 2 and
7).

In addition the R&D sites initiated local actions only very rarely and even then some
of those few actions failed. For instance, a CBA-IPI assessment carried out in a major site
failed to result in any improvement actions, although it had a very high profile even
company-wide. The reason for this was largely the lack of management drive, especially
from the then sponsor for improvement activities. With no active management oversight
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other activities were assumed to be more acute, the action planning lost momentum and
eventually died. The local activities were also very ad hoc; some of the improvement
actions initiated simply died off, never producing a result and unplanned actions were
established. There was also a feeling that the selection of process improvement actions
was at times based on marketing from external consultants rather than internal needs.
Gradually the number of both global and local improvement activities decreased. It was
felt that the interest in process improvement was on a steep decline and the control and
coordination of SPE activities was dissolving. (Personal log.)

During the last half of 1996 a Nokia-wide software process initiative (NSPI) was
being prepared. This initiative imposed certain software process improvement goals and
objectives to all business units within Nokia Corporation. The SW TAG chairman of
NMP, as well as the author of this thesis were closely involved in planning phases of this
initiative. The poor shape of the SPE system in NMP was known to both and it was
agreed that the current system could not cope with the requirements from the NSPI. The
crisis in Software Process Engineering was thus acknowledged and it was decided that
the entire SPE system had to be revised (Personal log).



6. Case: Revising the Software Process Engineering system
in NMP

The case is about the activities to revise the SPE system and covers the period from 1996
to 1997. The revision was carried out by a dedicated change project NMP-SPI, short for
Nokia Mobile Phones’ Software Process Improvement.

The NMP-SPI project was responsible for defining, implementing and operating a
complete infrastructure for SPE in NMP, and for establishing a global software process
improvement program that could answer to the requirements set by the Nokia corporate –
level process improvement initiative (NSPI) (Jylänki 1996). It was initiated in 1996 and
achieved its objectives during the spring 1997. After that the project was continued for
administrative purposes, but in practice it was no longer a change project and instead had
become the SPE system organization itself.

The SPE system worked towards the improvement objectives but also continued to
improve itself. In addition it worked to change the existing culture where SPE was
considered a research activity, or at most a line operation, not as something which
projects took an active part, except as pilots. As a part of that work the entire process
engineering system was migrated from research division to product development division
during 1998.

In August 1998 the SPE status was reviewed and the infrastructure was found to be
established and operational (Korsaa 1998). At this point the NMP-SPI project was
technically closed, but the SPE system it had established continued to exist. The global
improvement program was also continued, under a name NSPI AD Program and was
elevated to a higher project category in NMP, a change which brought e.g. a larger
budget and increased the visibility of the activity to the top management.

This chapter describes the steps taken in the NMP-SPI project. The first task was to
study the problem at hand, to understand the root causes for the problems in process
engineering (section 6.1) and to establish a vision and strategy for SPE (section 6.2).
After this a set of models was established to guide the implementation of the revised SPE
system (section 6.3) and the initial implementation was carried out (section 6.4). The new
SPI program was initiated and launched as a part of the SPE system implementation
(section 6.5). In August 1998 the SPE system was evaluated for operativeness (section
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6.6). The experiences from operating the SPE system have been captured in chapter 7,
from the viewpoint of evaluating the models behind the system.

The figures used in this chapter are the originals from that period, mostly from
presentation material, and for that reason do not use any particular graphical notation. A
description is provided in conjunction with each figure to assist in interpreting them.

6.1. Status analysis

The groundwork for the change started in September 1996 with an analysis of the current
state to identify the problems in SPE and to find possible root causes for them. The
findings were then used as input for defining the vision and strategy for Software Process
Engineering. The status was charted through a series of discussions with key individuals,
including software practitioners, project managers, process specialists and SW TAG
Management Board members. The findings were grouped into a SWOT (Strengths,
Weaknesses, Opportunities, and Threats) framework and analyzed to identify the major
issues that needed to be taken into account. Neither the grouping nor analysis was done
with any particular method or technique. A summary of the key findings is presented
below (Kinnula 1996c).

The key strengths were that NMP had a long exposure for processes and process
thinking. The principle of process improvement was generally accepted, although there
was also resistance to change. In addition an organization and especially ownership for
software processes existed both at the global and local levels, and the owners were
managers with considerable commitment power, at least in theory. The SWEP
Implementation project had also established a successful organizational structure for
managing software process assets, and this structure could be adopted as a model for the
SPE organization.

The key weaknesses were mainly managerial and organizational issues, but included
certain cultural issues as well. The then current organization responsible for software
process issues (the SW TAG Management Board and the software process subgroup) was
considered inefficient and ineffective for operational management purposes. First, the
processes were only one part of the SW TAG scope, which meant that the management
attention was likely to shift away from processes every now and then. Furthermore, the
SW TAG Management Board could effectively not carry out operative management
activities due to its members’ other commitments. This resulted in lack of management
oversight and coordination both at the global and local levels. The process subgroup, on
the other hand, had no operative role in the organization. Splitting the process issues into
‘processes’ (workflow) and ‘tools and methods’ with no coordination between the two
was also considered a weakness, since both have an impact on the software development
work. There was a lack of coordination and information exchange or good practice
sharing across sites and the entire SPE system was considered to be operating in an ad
hoc mode. In addition the ownership and management of process issues were the
responsibility of the research division (globally) and implemented as a line operation
(locally). For this reason the product development projects were not always committed to
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SPE activities. Finally the NMP company culture favored local independence, but a
particular R&D site was coordinating all process issues. This caused resentment in the
other sites which further hampered cooperation (cultural conflicts and a ‘Not Invented
Here’ syndrome were apparent in some cases).

The key opportunities were the new software process documentation framework
developed by the SPIS project and further enhanced in SPIS2 / SWEP Implementation
action. The framework made it possible for the local level to develop process variants and
tailor the standard process for local and project use. The new process asset library
emphasized user-friendliness and could be used as a tangible evidence of the value of
software process improvement. The Nokia-wide software process improvement initiative
that was going to report directly to the Nokia Management Board was also a clear
opportunity, as it would increase the attention to processes. Furthermore, the NMP top
management had an increased interest and belief on process issues after a particularly
successful Business Process Reengineering exercise in operations division of NMP.

Finally the key threats were the rapid growth of the software effort and staffing in
NMP, and the changes in business and challenges in the market. All these were creating a
strain on process work, especially because the personnel growth was not matched with
relative increase of staff in SPE. Furthermore the NSPI was heavily metrics-oriented and
NMP had a weak metrics culture. Thus the ability to meet the data gathering
requirements was perceived as a threat. In addition some of the initiative targets were
considered unrealistic for NMP in the given time frame, but it was uncertain how well the
top management would understand or would be willing to accept this fact. A failure in
this respect would decrease the management support and possibly cause the collapse of
the entire process engineering effort in NMP.

6.2. Defining the vision and strategy for SPE

The weaknesses from the SWOT analysis were analyzed further to determine the root
causes that needed to be fixed if the NMP was to have an operational process engineering
system. The strengths and opportunities were then used to suggest solutions or
cornerstones for the new approach, and the threats included in as risk items for the NMP-
SPI project. This work was done in September-November 1996 and the results were
captured in two forms – a vision of SPE in NMP and key strategies for the new approach.

The weakness analysis clearly pointed out that the problems were in the lack of
management and supportive infrastructure for SPE, so the decision was that the NMP-SPI
project should focus on establishing these two elements. At this point the author of this
thesis experienced something that could be called a revelation, at least to some extent.
The problems in the Software Process Engineering process were strongly analogous to
the characteristics predicted for software development process that is on the first maturity
level (ad hoc) of the CMM. Furthermore, the reasons for the problems corresponded
strongly with the ones suggested by the model.
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“The sw process capability of Level 1 is unpredictable because the process is
constantly changed or modified as the work progresses (i.e. it is ad hoc).
Schedules, budgets, functionality, and product quality are generally
unpredictable. Performance depends on the capabilities of individuals and
varies with their innate skills, knowledge, and motivations. There are few
stable processes in evidence, and performance can be predicted only by
individual rather than organizational capability.

  …

The sw process capability of Level 2 organizations can be summarized as
disciplined because planning and tracking of the sw project is stable and
earlier successes can be repeated. The project’s process is under the
effective control of project management system, following realistic plans
based on the performance of previous projects.”

(Paulk et al. 1993a, 10-11)

Although the product and domain was different, there was no reason to rule out the
possibility that the model would still apply equally within the scope of process
engineering. Consequently if the SPE process could be raised in maturity, it should solve
at least some of the problems. In addition there is a more fundamental philosophical
question of whether a system which is of lower maturity can effectively lead (i.e. provide
a continuous improvement path for) a system which is of equal or higher maturity.
Although this question still remains unanswered, the intuitive feeling the author had at
the time was – and still is – that the system which is responsible for improvement should
be of equal or higher maturity, because that way it has an innate understanding of what
the next maturity stage actually means and requires.

This realization became the main theme for the NMP-SPI project and was an essential
part of the vision of SPE in NMP. The goal was to raise the process engineering from
maturity level 1 (ad hoc) to level 2 (managed1). This was also the point where the term
‘Process Engineering’ was coined, to show the analogy between product development
(Software Engineering) and process development (Process Engineering), and to highlight
the need for discipline in process work as well (Personal log). This message was directed
to the SPE community, however, and for the rest of the company the word ‘improvement’
was still used, as the term was more familiar and indicated the purpose of the system.

It is important to understand that the vision was for the SPE process, not for the
software development process. The Software Process Engineering process is a continuous
activity, very much like product development, and it, too, needs an improvement
roadmap or goal that gives the direction for the activities to improve the process. A vision
can capture such a goal and it can be used to drive a long-term (SPE) process
improvement program (Humphrey 1989, 4, Saukkonen 1994).

                                               
1 Level 2 is in SW-CMM 1.1 called ‘repeatable’, but the core element is management and for that
reason it is called ‘managed’ in ISO 15504 (ISO/IEC 1998a, 4).
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The vision for NMP Software Process Engineering was defined as:

“Process Improvement in NMP will be
Managed, Continuous, Effective and Business as Usual”

(Kinnula 1997a, 5)

In this sentence the word ‘improvement’ was used on purpose, since the vision was
communicated to the entire organization, not just to the process engineering part of it.
Thus in this vision statement the words ‘improvement’ and ‘engineering’ should be
considered interchangeable.

SPE should be effective, as any other activity done in a commercial organization.
Ineffective activities waste resources and, when done poorly, may inadvertently even
cause harm to other activities, such as product development.

For the SPE to be effective, it needs to be built into the culture so that people in NMP
would consider SPE a normal activity, something that is business as usual – like product
development.

SPE needs continuity and persistence, due to the change resistance and long
timescales involved in establishing any kind of change in a large organization. In addition
if the SPE is to become business as usual, it needs to be present always, i.e. to be
continuous. Note that in this vision, the word ‘continuous’ does not mean that the
approach for SPE would be based on so called “kaizen” or small increments –approach,
which is often the assumed philosophy behind a continuous approach. Instead it means
just that there needs to be SPE activities going on all the time.

Finally for the SPE to be continuous and operate at maturity level two (managed),
especially in a large multi-site environment such as NMP, it needs a dedicated operative
management. This means that someone is constantly looking after and directing the SPE
work across NMP. To ensure effectiveness, the management should also cover all
software process-related activities, not just some of them. In addition, if the policy for
localizing the responsibility for software process improvement and support is going to be
continued, a dedicated operative management must exist at the local level as well.

The strategy for the NMP-SPI project was to continue the policy that local level had
the responsibility for process improvement and support work, but certain changes were
needed to make the approach more realistic. The SW TAG had, in practice, divested all
process responsibilities, except the management of global process assets, to the local
level and in retrospect this was considered a mistake. The global level needs to take more
responsibilities if the system is to work (Kinnula 1997a in general but especially 12-13,
Kinnula 1998b in general but especially 28).

First, the current policy required the local level to also mind global issues (i.e. make
globally useful improvements) while working on their local problems. This was
considered impractical and instead it was agreed that the global level should have an
organizational entity that would mind the common good, to establish common direction
for improvements, and to ensure that local improvements would also benefit the entire
NMP software development.

Second, the global level was decided to have the responsibility to support local
activities. One of the buzzwords for management is empowerment, but it is sometimes
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not understood that empowerment without support from above will not work. There are
many issues in process engineering that can be far more effectively done at the global
level, such as lobbying the top management, managing the communication and
coordination across sites, and handling the sponsorship issues. Without this kind of
support, the local level has significantly less chances to be efficient in SPE and is less
inclined to be active.

Third, the SW TAG policy to nominate a specific R&D site to be responsible for
looking after software process issues was considered a poor approach and was
abandoned. Instead the global operative management team was to emphasize neutrality
and independence from sites, and the candidates were to be screened for appropriate
skills and capabilities.

Fourth, it was decided that the NMP culture of favoring the local freedom was to be
respected when revising the SPE system. It was also understood that, besides being
culturally unacceptable, there was simply too much diversity between the R&D sites to
expect a uniform approach to work in the first place. Thus the implementation of the SPE
system was to be as little prescriptive as possible.

As the vision is a long-term objective and strategies should also have a long lifespan,
many of the issues described above were clearly beyond what the NMP-SPI project could
achieve. The NMP-SPI was to implement the foundation, i.e. to establish a SPE system
that would then be improved over time to reach the vision. The key requirements for this
initial revision of the SPE system can be summarized as:

• Comprehensive, i.e. covers all SPE activities and spans across the entire NMP
• Non-prescriptive, i.e. the implementation needs to allow local variations
• Operational, i.e. to be able to sustain the SPI program. This requires
Ø an operative management, capable of coordinating SPE activities across

NMP
Ø an infrastructure for SPE, capable of supporting all SPE activities.

6.3. Establishing the models behind the SPE system

The SWOT analysis suggested that the key issues for the NMP-SPI project were
management and infrastructure for Software Process Engineering. The work to find a
solution to the problem of what these two should be was started in late September 1996
and ran in parallel with the development of SPE strategy. The work included discussions
with experienced individuals, as well as one workshop held in October 1996 (Kinnula
1996d).

The revelation of the correlation between the process engineering problems and the
maturity levels brought the idea of moving the SPE process to a higher maturity level.
However, while it was possible to apply the essential idea of the SW-CMM level 2, i.e.
the need for a managed process, to the SPE process, the process model in the SW-CMM
1.1 was not suitable basis for establishing the SPE system. In addition, the weakness
analysis pointed out a need for a solid, comprehensive infrastructure to support process
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engineering work both at local and global levels, but it was not known what the
infrastructure should cover and the SW-CMM 1.1 did not provide a clear model for this.

To get started with the revising of the SPE system, two abstract models were created
to provide guidance for implementation. Although several implementation models, e.g.
for SPI organizations, were available in the literature, the decision was to establish new
models which were to be sufficiently concrete but abstract enough to not reflect any
particular implementation. There were two reasons for this decision. First, it was already
known that the implementation could not be uniform across NMP, due to the diversity
between the R&D sites, and the culture that was against such an approach. A design
model which is abstract enough can identify the essential elements that need to be in
place and thus ensures that the resulting system in different R&D sites is equally
comprehensive, although the actual implementations can be very diverse. Second, an
abstract design model can be used as a tool later on, to evaluate the completeness of
different instances and also for revising the system altogether. This way, even if there
would be need to completely change the implementation, there is a valid model against
which the new system can be built without a risk to lose something in the process. If the
model would be the same as the implementation, it would be harder to revise the system
later on because the purposes and reasons behind each existing element would then had to
be guessed, unless they happen to be well-documented. Thus without an implementation-
independent model there is a danger of a legacy system, where elements of old system
would be left in place because their function would not be completely understood and
because they have become institutions on their own right. (Personal log.)

This work started in late September and both models were completed in November
1996. The models were based on the expert knowledge of the author, the results of the
SPIS-project and comments from the action team leaders of SPIS2 / SWEP
Implementation and SPIS 2 / NMP SW Metrics. The other model listed the activities or
processes of which the SPE system was responsible for, and the other model highlighted
the structures or supportive elements needed to make the system operational (Kinnula
1997b).

The models also represent an operative manager’s viewpoint to the SPE system, as
they answer to the questions “What activities do I need to have in order to carry out the
process and what do I need to set up to make it work”.

6.3.1. Activity model

The activity model identifies the main activities – roughly corresponding to process
categories – of the SPE process. The model amended much of its contents from the SPIS
project results, which recommended that the SW TAG Management Board should initiate
three projects to implement necessary elements to support Software Process Engineering
in NMP. These were (Känsälä 1996a):

• Implementing the process documentation framework
• Defining the software metrics for monitoring the software process status and

implementing the metrics program
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• Establishing an organization for software process improvement in NMP.
In addition the ISO 12207 process standard was used as a reference model. This

model recognizes three related activities, which are (ISO/IEC 1995):
• Process Establishment, which covers the activities to define and describe the

software process
• Process Assessment, which covers the activities to identify improvement targets,

and
• Process Improvement, which covers the activities to improve the target process.
The activity model was defined by merging these two references. The first action

recommended by the SPIS project and initiated by the SW TAG Management Board was
responsible for the process definition work, which corresponds to the “Process
Establishment” in ISO 12207. Thus one of the elements in the model was to cover this
activity.

The second action recommended by the SPIS project and initiated by the SW TAG
Management Board was responsible for metrics activities in NMP. The ISO 12207
standard does not have a metrics process, but instead has “Process Assessment”. The
difference between the metrics and assessments is that the former is generally considered
to be a continuous activity, while the latter is more a sampling action that is usually
repeated only few times a year or with longer intervals. However, assessments are, in
fact, a specific case of metrics as both collect data from the actual process and provide
measurements that can be used to identify progress, potential problems, etc. These were
thus considered as two variants of the same SPE activity, i.e. software process evaluation.

The third project recommended by the SPIS project was considered unnecessary by
the SW TAG Management Board. Organization itself is not an activity as such, but is
closely related to management which in turn was recognized as one of the key problems
in the process engineering system in NMP. Furthermore, the entire NMP-SPI philosophy
revolved around the concept of managed Software Process Engineering. While the ISO
12207 standard does not have a specific process for SPE management, it does recognize
management as a generic process. Consequently management became the third
fundamental activity for the SPE process.

Although it may thus seem that the SPIS project already had recognized all three
abovementioned activities as key issues for SPE, this was not actually the case. The
activities were implicit and reflected only as technical / organizational solutions. The
SPIS project did, in fact, also establish a process model for process work, but this model
recognizes only two processes – process definition and process improvement (Känsälä
1996b) – and even these were copied directly from the then ISO 15504 reference model
(ISO/IEC 1996b). Thus during the SPIS project the understanding of what was needed to
support continuous improvement was still relatively immature.

Finally, the ISO 12207 recognizes a “Process Improvement” process and this was also
explicitly recognized by the SPIS-project, as mentioned above. This activity was
considered as the purpose for the entire SPE system and, in the light of the SWOT
analysis results, the other three activities were considered as the underlying foundation
needed to achieve a state of continuous process improvement (Fig. 2., original from
Kinnula 1997a, 6).
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Fig. 2. Foundation for continuous software process improvement.

In early 1996 the author had been requested by the then SW TAG chairman to define
a process of how the SW TAG should establish the improvement actions. The resulting
model recognized three principal sources for identifying improvement needs: Demands,
Problems and Opportunities (Fig. 3., original from Kinnula 1996b, 3). The oval in the
center of the figure is the improvement activity or process in general, and the large
arrows pointing at the oval indicate information flow from different sources. The large
arrow coming out of the oval indicates the results of the improvement action (i.e. the
solutions to problems and demands, that possibly take advantage of the opportunities)
and the dotted arrows are to emphasize the fact that the solutions should be primarily for
problems and demands, not to opportunities.

Continuous SPI
Requires:
•  Process Definition to help understanding and communication

èCore: Process Architecture and agreed Documentation Principles to
form a solid foundation

• Process Evaluation to define the current state and problems in the process
èCore: Metrics and Assessments to provide reliable and repeatable

data source

• Process Management to ensure long-term commitment and planning plus
coordination and tracking of individual SPI actions

èCore: Process Ownership and Process Management Organization to
enable continuity in the long run
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Fig. 3. Principal sources for improvement needs.

Problems are improvement needs in processes and products. The information of
problems can be acquired from feedback – either directly from practitioners or indirectly
from process support staff – and from metrics and assessment reports. Demands on the
other hand originate from outside the software domain and can be e.g. embedded in the
company strategies, policies or standards, or alternatively handed down directly as
requirements. The examples of the latter are perceived problems in performance or
products, but also include product development objectives that require changes in
processes before they can be achieved. (Kinnula 1996b, 4-6 and 8.)

Opportunities should not be considered as a primary source for improvement needs,
but rather as sources for solutions. However, they can also be used to identify areas
where products or processes can be further enhanced, even if there are no particular
problems. The opportunities originate from both internal and external sources. The
former includes company experts and achievements elsewhere in the company while the
latter includes e.g. research publications, consultants, commercial or non-commercial
development, and achievements in other companies. (Kinnula 1996b, 4-6 and 8.)

The model described above was revisited when the abstract models for the SPE
system were being established, and the three sources were added to the activity model as
issues that the SPE system should be actively monitoring in order to identify areas for
improvement. The items were not to be viewed as triggers, since the idea was to be
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proactively looking for these issues, rather than passively waiting for something to appear
and then reacting to it.

The activities within the scope of SPE process were thus identified to be (the boxes in
Fig. 4., original from Kinnula 1997a, 5):

Fig. 4. Activity model for Software Process Engineering.

• SW Process Improvement (Action) – this is the value adding part of SPE and
the purpose for the entire SPE system. It covers the activities of defining and
implementing a solution to a problem or a change that would enhance the
effectiveness of the target process

• SW Process Definition – this part covers the activities needed for documenting
processes and other process-related assets and maintaining the assets

• SW Process Evaluation – this part covers the activities needed to find out what
is the state of the software process, including identifying the strengths and
weaknesses for process improvement purposes

• SW Process Engineering Management – this part covers all management
activities at all organizational levels. It is needed to operate the SPE infrastructure
and to ensure that SPE activities are done in a coordinated fashion and that the
entire SPE system is effective and provides added value to the company.

The bulleted list at the top of the figure and the text at the right-hand side of the
pyramid are a repetition of the SPE vision, intended to point out how the different
activities contribute to the achievement of the vision. The pyramid-alike arrangement of
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the boxes was to emphasize the relationship between different SPE activities; the SW
Process Engineering Management as the fundamental foundation, the middle layer as
elements that support the SPI activity directly, and the SW Process Improvement Action
as the culmination of the SPE work. The overall aim was to have a positive impact on the
real life (i.e. the target process). The arrows pointing at the boxes identify the key inputs
for SPE work, i.e. Demands from the company, Problems in processes and products, and
Opportunities either from internal or external sources. The demands were considered to
come in mostly through SPE management, the problems are identified through evaluation
activities and the opportunities are primarily utilized in the SPI actions.

6.3.2. Structural model

The structural model identifies the elements that are required to support the activities and
make the SPE system operational. Each activity recognized by the activity model requires
specific instances of the elements identified in the structural model. Together these
instances form the entire infrastructure for Software Process Engineering.

The structural elements were adopted from an earlier model that had been established
and used in NMP as guidance in process improvement actions. The model was based on
the widely known People – Process – Technology –framework, but was expanded by
including the organization as a fourth item. The reason for this was that the author had
studied a number of perceived problems in the process in NMP and in many cases an
unsuitable or unclear organization was the root cause.

This earlier model was envisioned in the beginning of 1995 by the author of this
thesis. The model identifies the main factors that an improvement action needs to
consider when developing a solution to a process problem. There were two purposes for
the model. The first was to give a rule of thumb for root cause analysis to point out that
the problem can be e.g. a lack of skills or poor resourcing instead of e.g. poor guidelines,
thus the action should analyze all the aspects before deciding where the problem was.
The second purpose was to point out that the solution to the process problems may
involves several factors and they must be in balance if the solution is to work. The
objective was to ensure that the improvement actions would not come up with a single-
factor solution (e.g. a new tool) which later becomes a source of new problems as the
other factors are not in balance with the tool or method implemented. Such cases do not
only cause unnecessary rework but also erode the credibility of SPE work and can turn
the organizational culture against process improvement. (Personal log.)

This idea was further crystallized in late 1995 and captured as a model of process
elements, which identified the four main elements that had a direct impact to the process
instance and thus are the primary factors to be considered in a process improvement
action. The areas were People, Organization, Environment, and Process Descriptions
(Fig. 5., original from Kinnula 1996a, 8)
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Fig. 5. Precursor to the structural model.

The philosophy behind the model is to consider the target process as the actual
instance of the process, the work that was to be done (the central box in the figure,
complete with input and output flow). As such, the SPI action can not have a direct
impact to it and the only way to work a sustainable change into the target process was to
manipulate, control, and develop the four factors that contributed directly to the
enactment of the process instance (the four flanking arrows pointing at the top and
bottom of the box). For instance, motivation can be influenced through management
actions, skills can be taught, tools bought, and so forth. In addition a fifth factor, the
Product Assets, was identified but considered to be outside of the realm of process
improvement. This factor includes things like code from reuse libraries, etc., all of which
can also be manipulated to enhance process execution and to improve the output of the
process instance. This was identified to point out that process improvement is not the
only possible answer to the problems. All the factors were further divided into human and
technical issues, to emphasize the fact that both sides need to be considered when
improvements are being made.

The model was later evaluated by the NMP Quality Office and included to the CPI-7
tool, which is the Nokia Mobile Phones’ official process improvement cycle model and
applied to all processes, not just for software (NMP 1998a, 65, NMP 1998b, chapter 11 -
Quality Tools And Techniques).
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When the NMP-SPI project was working on the structural model it was realized that
the model from 1995 was actually a representation of the structural elements of a process,
and the author decided to use this model as the basis for the structural model. The only
major change to the model was the re-definition of ‘Environment’ to ‘Technologies and
Methodologies.’ The environmental issues, such as ‘Work space’ visible in the Fig. 5.
were considered to affect the motivation of people and as such impact the process
through ‘People’ –element, rather than being a factor of their own. In addition, some
slight modifications were made, such as changing the term ‘attitude’ to that of
‘motivation’, since motivation was seen to be the root source for attitude towards the task
at hand.

Thus the main elements in the structural model were identified as (Kinnula 1996e):
• Organization – the organization is how the work has been organized in the

company, basically identifying organizational structures or agents, their
relationships and responsibilities. At the lowest level the organization is
equivalent to role and responsibility.

• People – the main operative in SPE is usually an individual who utilizes his
personal skills, motivation and allocated time to execute the task at hand

• Technologies and Methodologies – tools, methods and techniques that support
the work

• Process Documentation – the guidelines, process models and definitions that
give guidance and support the SPE work through identifying what needs to be
done and how it can or should be done.

Incidentally the elements in the structural model were recognized to match the
elements which the SPIS2 / SWEP Implementation -action had implemented in order to
manage the software process documentation. The fact that this action was quite
successful lended further support to the selection of this model as the structural model.

6.4. Design and initial implementation of the SPE system

Based on the abstract design models and the knowledge of the potential resources
available for the global work, a global SPE organization model and plans for other parts
of the global SPE infrastructure (i.e. people, technologies and methodologies, and process
documentation) were established. In addition, a generic model for local organizations was
defined. The model for local organizations was to communicate the need for and the role
of a local coordinator for SPE activities, and to give the R&D sites one possible example
to make the concept more concrete. It was also intended to be a subtle way for guiding
the local instantiation in a certain direction, without violating the principle of non-
prescriptiveness.

During October-November 1996 the author visited a number of sites on promotional
purposes (see: section 6.5) and used those visits also for studying what supportive
elements and SPE activities actually existed at the local level, and what were the best
practices for process engineering in NMP. This information was both reflected against
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the abstract models and used in making the SPE system implementation plans and models
(Personal log).

When the NMP-SPI project had been agreed, the author had requested for one person
from each site to be allocated to the project (Jylänki 1996). When the need for dedicated
SPE management at the local level became clear, it implied that the local contact needed
also management experience to be able to guide and manage the local SPE activities and
the criterion was added to the resource requests. At this point the task to resource NMP-
SPI project changed from mere gathering of resources into implementing the
‘Organization’ and ‘People’ –parts of the SPE system. The implementation of the two
other supportive elements (‘Technologies and Methodologies’ and ‘Process
Documentation’) was also started in late 1996 but the majority of the initial
implementation work for them was carried out in spring 1997 (SPI Plans and Reports).

The implementation continued throughout the period that is studied here, but after the
initial implementation the activities to improve the SPE system are to be considered as a
part of the normal operation of the SPE system, rather than separate activities.

6.4.1. Organization - Global

The global operative organization was built around the concept of central coordination
team for SPE and forums for specific areas of SPE process.

The Global SPE Coordination Team is the core of the operative management for the
entire SPE effort in NMP. The team is to manage and own the SPE process, act as an
information distribution channel, monitor and report the overall software process status,
and guide the SPE work across NMP so that the local activities would ultimately pull
towards the same direction, synergy could be achieved and the SPE system would be
maintained (Kinnula 1997a). The roles within the Global SPE Coordination Team are
explained in more detail later on in this section.

The global forums are the other key element for the global operative organization.
These are essentially special coordination groups where the individuals who are locally
responsible for a particular SPE activity work together to share information, agree on
objectives and strategies and plan future activities. Three global forums were established
initially – the SW Metrics Forum, the SWEP Improvement Forum and the Local SPI
Coordinators’ Forum (Kinnula 1997a). There was no apparent need for other forums
except an assessment forum but at that point NMP had only three trained assessors, all
from one site and one of whom was the NMP-SPI project leader, and for that reason there
was no point in forming such a forum.

The concept of Global SPE Coordination Team and global forums was largely the
result of the decision to merge the three existing actions – the SPIS 2 / SWEP
Implementation, SPIS2 / NMP SW Metrics and NMP-SPI – to a single organizational
entity with common operative management. The first two had already established an
infrastructure for their area (process definition and the metrics part of process evaluation,
respectively) and the NMP-SPI project was setting up an infrastructure for SPE
management. All three actions had a similar basic structure: a global team leader and a
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distributed team composed of local representatives who were also responsible for that
particular activity in their site. When the activities were merged, the action leaders
became the Global SPE Coordination Team members and the distributed team was turned
into a global forum for that particular topic. In essence the forum was thus a continuation
of the improvement action team, but became a permanent organizational element instead
of being a temporary one.

The global forums facilitate information sharing and they are the extensions of the
Global SPE Coordination Team in specific fields of interest: metrics, process definition
and SPE management. The members of the global forums are the people who are locally
responsible for the forum’s area of interest.

Three other organizational elements were also recognized to be part of the global
organization, although not as part of the operative organization. These were Sponsors,
Strategic Partners, and Related Actions. The Sponsors included the company level
sponsor for the SPI program (Senior Vice President of R&D), the operative sponsor (SW
TAG Chairman), and the steering group for the SPI program (SW TAG Management
Board). The Strategic partners were entities external to NMP but to which the operative
organization had an interface, in this case the NSPI and the Nokia Research Centre
(NRC) as a corporate supplier for process improvement solutions. The Related Actions
were other (NMP internal) improvement or technology actions which potentially had
impact on software process issues and initially covered only the other SW TAG projects.
A final element identified in the global picture was the local R&D site, representing all
local level SPE organizations. (Kinnula 1997a.)

The Global SPE Coordination Team was linked to all identified elements, acted as a
communication channel between them, and also as a filter, e.g. by integrating the
improvement requirements from NMP strategies and those from NSPI into one set of
coherent and non-conflicting objectives (Kinnula 1997a). This is depicted in Fig. 6.
(original from Kinnula 1997a, 26).

In the figure the large rounded rectangle in the middle is the Global SPE Coordination
Team, complete with roles for the team members (boxes within the rectangle). One role
(SW Benchmarking Coordinator) has been greyed out to indicate that it is effectively
inactive.

There are also several other key roles (again depicted as boxes) related to the SPE
organization, some of which were external to NMP (separated with a dashed line). The
solid line oval in the bottom of the figure represents the local level (expanded in Fig. 8.
on page 66). The solid line oval in the top left hand corner represents the technology
improvement projects, such as architecture improvement, which were to report their
activities also to the Global SPE Coordination Team. This way the team could anticipate
their possible impact on the process.
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Fig. 6. Operative Organization: Global view.

The Global SPE Coordination Team reported monthly to SW TAG Management
Board through an electronic database (SW Forum) where the reports were filed in. In
addition, the team was prepared to give status presentations both to SW TAG
Management Board and to the R&D Management Board upon request. Two
representatives nominated by the top management handled the contacts to NSPI. These
representatives participated in the meetings arranged by NSPI and were also responsible
for filing in the NMP’s software process status reports to the corporate level. (Kinnula
1997a.)

The contact to the NRC was the SPI manager. The original idea was that the Global
SPE Coordination Team would make a condensed report of the current and planned SPI
activities, to give the NRC a chance to come up with proposals for cooperation. This was
not done during the period of the case study, however, as the Global SPE Coordination
Team felt that the local plans were not yet reliable enough to warrant this kind of
information exchange. The responsibility to contact a potential solution supplier was thus
in practice at the local level. (Personal log.)

Workshops were the final organizational element identified at the global level. These
are temporary organizations set up for specific task. A workshop is usually one-shot
session and typically delivers its results to a specific coordinator or forum. They can be
seen as temporary meetings of short-living specific interest groups. The workshops are
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missing from the Fig. 6., as the picture identifies those elements that are permanent or at
least semi-permanent in nature.

A total of six distinctive roles were defined to exist in the Global SPE Coordination
Team, and one of the roles had two instances of it. The roles were SPI Manager, SPI
Coordinator(s), SW Process Documentation and Architecture Coordinator, SW Metrics
Coordinator, SW Process Assessment Coordinator, and Benchmarking Coordinator (see
Fig. 6.).

The scope for the global level organization was the coordination, support and
monitoring of SPE activities. Support covered e.g. providing common objectives and
metrics, providing consultation in SPE activities, managing software process
documentation, facilitating cross-site workshops, coordinating global forums, and
distributing information of internal and external software process –related activities.
Monitoring, on the other hand, included e.g. ensuring conformance to global objectives,
monitoring the state of SPE management at the local level, monitoring the overall
improvement progress in NMP and reporting to the sponsors. (Kinnula 1997a, 11 and 19-
21, Kinnula 1997b, 4.)

The roles and the organizational elements of the operative organization were defined
by reflecting the activity model against the current needs, requirements and existing
organizational elements. The SPI Coordinator, SW Process Architecture and
Documentation Coordinator, and SW Metrics Coordinator roles were continuations of the
NMP-SPI project, SWEP Implementation action, and NMP SW Metrics action
respectively. The other three roles were established to cover the remaining key areas. All
the roles / elements were mapped to the activity model and their responsibilities defined
as follows (Kinnula 1997a, Kinnula 1997c, Kinnula 1997d, Kaltio 1997a, Kaltio &
Kinnula 1998, Personal log):

The process engineering management was supported by two coordination roles; the
SPI manager and the SPI coordinator. The Local SPI Coordinators’ Forum was dedicated
to this issue and the entire Global SPE Coordination Team was essentially a management
organization as all coordinators had SPE management responsibilities within their
specific scope, including managing and improving the SPE system to support
management activities.

The SPI Manager role was responsible for the overall SPE strategy, as well as the
SPE management policies and strategies. These include issues such as global
responsibilities vs. local responsibilities, process ownership issues, etc. In addition, the
role was also responsible for establishing supporting and operating the global level SPE
management infrastructure. This included establishing, resourcing and leading the global
team, getting and maintaining the top management commitment and sponsorship, linking
the SPE objectives to business objectives, and defining the global objectives for R&D
sites. Finally the SPI Manager was responsible for monitoring the software process status
in its entirety and reporting progress to high-level sponsors.

The SPI Coordinators, or ‘site coaches’, were responsible for supporting the local
level in establishing and operating their local SPE system. Because the NMP was split
into two internal business units, the split was visible also at the global level. There were
two SPI Coordinators, one responsible of the Cellular Mobile Terminal (CMT) sites, and
the other for Wireless Data (WD) sites. This also helped to distribute the coordination
workload.
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The SPI manager chaired the Local SPI Coordinators’ Forum, with the SPI
coordinators as co-chairs.

The process evaluation was supported by a total of three coordination roles: The SW
Metrics Coordinator, the SW Process Assessment Coordinator, and the SW
Benchmarking Coordinator. The SW Metrics Forum was dedicated for process evaluation
issues.

The metrics coordinator role was responsible for the NMP SW metrics policies and
strategies, for definition, collection and analysis of the basic software process metrics,
and for building the software metrics program and software process evaluation
infrastructure in NMP, with the exception of software process assessments and
benchmarking. The metrics coordinator also chaired the SW Metrics Forum.

The assessment was considered as an exceptional metric and a separate coordinator
role was established to support this activity. The reason was threefold. First, the
assessments were different in nature in that they are more like singular, intense events,
which require specific planning and organizing to execute whereas the measurements for
metrics need to be collected continuously. Secondly NMP had little internal assessment
capability and it was more sensible for one person to negotiate suitable contracts with
providers, arrange training, etc. rather than have each site to do these on their own.
Thirdly it was considered that someone had to be enticing sites to do assessments in the
first place. The role was responsible for assessment policies and strategies, and for
establishing necessary infrastructure for supporting the software process assessments in
NMP. The third evaluation role, Benchmarking Coordinator, was required by the SW
TAG Chairman. Benchmarking was at the time a topic in the NMP management and all
research organizations that had process responsibility were required to explain how they
would take care of this activity. However, this role has remained unused and very early
on it was decided that no permanent members would be allocated to this role until the
team was otherwise fully resourced. Instead, if a need for benchmarking would arise, a
suitable person with benchmarking training would be found to coordinate the case at
hand.

As benchmarking was seen to be less frequent activity than the other forms of process
evaluation, there was no need to establish a global benchmarking forum. The assessments
could have benefited from one, but at the time there were not enough members to warrant
a forum.

The process definition was supported by one role – the SW Process Documentation
and Architecture Coordinator. This role was responsible for relevant policies and
strategies, for establishing, managing and maintaining the software process definition
infrastructure and for supporting the local process improvement actions to document the
results so that they could be transformed into company assets. The SWEP Improvement
Forum (labelled ‘SWEP Forum’ in Fig. 6.), chaired by the SW Process Documentation
and Architecture Coordinator, was dedicated to process definition issues. Some of the
forum members were also responsible for looking after a specific process area within the
overall process architecture and as such have a global role in that subject.

The process improvement was not the responsibility of any specific role, as the
principle was that the local sites would do this part. The global workshops are a form of
global improvement activity, however. The members of the workshop focus on certain
process or process-related issue that has been agreed beforehand. The workshop can be
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attended by anyone interested of the topic and is usually coordinated by a member of the
SWEP Improvement Forum, with the specific responsibility of the process area in
question. Furthermore all the Global SPE Coordination Team roles were to support local
process improvement actions, as depicted in Fig. 7. (original from Kinnula 1997a, 22).

Fig. 7. Supporting local process improvement actions.

The figure is meant to identify only the involvement of global support in local
improvement-related activities and is thus not to be understood or interpreted as a model
of local process improvement mechanism. The black arrows in the figure point out where
and what type of global support is given in relation to the local improvement-related
activities (depicted as ovals) but do not indicate information flow. The white arrows
indicate the generic direction of information and activity flow. The rounded rectangle
indicates the boundaries of a generic SPI life cycle while the remaining oval is a SPE
management activity, which is non-cyclic in nature.

The global organization was maintained in this form until end of 1998. The work to
define improvements to the organization and the creation of a new revision of the
organizational model were done in late 1998 and are planned to be implemented in 1999
(Personal log, Kinnula 1998b).
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6.4.2. Organization - Local

The main responsibility for the local level SPI organization was to take care of the actual
process improvement actions and supporting the use of processes. The SWOT analysis
had also suggested that the local level has to manage these activities if the system is to
work (Kinnula 1996c). The local scope was thus defined to include planning,
implementing, tracking, managing, verifying and reporting the local SPE activities, such
as SW Process Evaluation and SW Process Improvement actions. (Kinnula 1997a, 11,
Kinnula 1997b, 4.)

Since the NMP sites vary in size and culture, and since there are variations even in the
way how the line and projects have been organized, the strategy was to allow each site to
establish the infrastructure that best suits the site in question (Kinnula 1997a, 37-38).
This approach had two advantages; it was suitable to the NMP culture and it forces
people to put some thought into the infrastructure, rather than to adopt blindly a model
without thinking about how operational it is in their environment. As a disadvantage it
allows a great variety of infrastructures which can potentially be hard to coordinate from
the global level. Since the global level infrastructure already included the process
architecture and process asset library, and the process evaluation metrics (metrics defined
by SPIS2 / NMP SW Metrics –action, and SW-CMM 1.1 as the maturity metric), the
communication between different sites had a common ground. For this reason the
different organizational set-ups, tools, procedures, etc. for process engineering at the
local level was not considered a problem (Personal log).

Nevertheless a generic organization model was developed to give the local level an
idea of what elements should be included and what is one possible set-up for the local
organization. The local organization model was developed during November-December
1996 and was based on the information collected during a series of visits to different
R&D sites. As a legacy from the previous approach most of the R&D sites had a local
QMT line group and a local SW Process Owner and some had other local entities that
dealt with process issues. In addition, the sites had already responded to the NMP-SPI
request for a local coordinator. All these elements were studied during the visits and
discussions were held with the local coordinators to come up with an example model for
a local organization.

The local model is presented in Fig. 8. (original from Kinnula 1997a, 27). The
notation is the same as in Fig. 6. on page 61, except that the local level roles and
important groups are depicted as ovals, rather than boxes. The Local SPI Coordinator has
been shaded to emphasize its importance.
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Fig. 8. Operative Organization: Local view.

The Local SW Process Management (team / board / steering group) is the team that
provides management oversight to the SPE activities in the R&D site. It is not an
operative management entity, but rather a steering group with the responsibility to
motivate, prioritize, build commitment to and resource SPE work, agree customer
projects, monitor progress, review results and escalate issues to site senior management.
It has also the responsibility to link the local business objectives and global SPI
objectives to local annual SPI plan. For this, the members need to have sufficient
authority over resources and objectives of both the software line and software projects in
the site. The members include:

• Local SW Process Owner, who is typically the senior software line manager. This
role has the authority for the process-related decisions and should be the
chairman for the group. In sites where the process ownership is split up, all the
local owners should be included.

• Local SPI Coordinator, who is the operative manager for the local SPI program,
the primary link to the Global SPE Coordination Team and a member of the SPI
Coordinators’ Forum. To ensure his or her commitment to the decisions made by
the Local SW Process Management, the Local SPI Coordinator needs to be
included to give an operative viewpoint to SPE issues and to be part of the
decisions made.
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• Other Local Members. The recommendation is to include at least the most
important software project managers and software line representative(s) in the
group. The projects are there to provide the customer viewpoint and are also
needed to commit the projects to the SPI actions. The line representatives are
needed to support resourcing.

Local Software Process Specialists are the local experts with specific process-
related skills.

• Local SWEP (support) people. Trained to the structure and use of process asset
library, these individuals can give tailoring support for projects and aid the
improvement actions in documenting the improvement results to a proper format.

• Local SW Metrics Owner. This role is a member of the SW Metrics Forum and is
locally responsible for collecting and reporting the mandatory software metrics
and for supporting the metrics deployment to projects and SPI actions.

• Local Qualified Assessors. These people have been trained to facilitate the self-
assessments and in the sites that have gone through a more comprehensive
assessment there will also be people who have been given in-depth CMM and
assessor training.

Local SPI Action Teams are temporary task forces established to work on a specific
improvement. They should have one software project as a primary customer and should
be resourced mostly by practitioners rather than process specialists. The results of these
actions should be delivered to the member of the SWEP Improvement Forum who has the
coordination responsibility over the area in question, so that they could be forwarded to
SWEP and made accessible to all.

Local SW Line Organization is responsible for skill and knowledge development
and can identify the best / most skilled persons to work in a local SPI action. The line is
also responsible for supporting the local SPI program to resource the SPE system.

Local SW Project Organization or the development projects are the primary
customers for software process improvement actions and their needs should be driving
the local SPE activities, within the boundaries set by the global objectives.

6.4.3. People

In the beginning of 1997 four candidates were available for the Global SPE Coordination
Team roles; The leaders of SPIS 2 / NMP SW Metrics action, SPIS2 / SWEP
Implementation action and NMP-SPI project, and the NSPI contact for the Wireless Data
(WD). The then role definitions were used as requirements for screening the candidates,
although this was more a formality in this case as the candidates were all clearly suitable
for their intended positions.

The candidates for the SW Metrics Coordinator role and the SW Process
Documentation and Architecture Coordinator role were by far the best experts for those
positions in NMP. The NMP SW Metrics action team leader had defined the global
software process metrics and managed the metrics program thus far. The SWEP
Implementation team leader was the chief author of the new process asset management
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system, was a former member of the SPIS project, and had a long experience both in
process issues and consulting. Although he was a contractor from Nokia Research Centre,
he had worked full time for NMP since 1995. As a risk management item it was agreed
that he would select a deputy from NMP during 1997 (Personal log).

The NMP-SPI project leader (the author of this thesis) had background in assessment
methods and had participated to a full CBA-IPI assessment, had formal benchmarking
training, consulting training, management training and had the most experience of the
team members of SPE in NMP with first hand knowledge of the problems in the SPE
process. He had also been one of the three members of the SPIS project. Due to his long
involvement in process issues and having been an NMP employee longer than other team
members, he had an extensive contact network in local R&D sites also beyond the
process community and was on close terms with the members of the SW TAG
Management Board. Thus he was considered the best suited for the remaining roles. This
was known to be an excessive workload, and for that reason the position of the
Benchmarking Coordinator was actually left open. The global team considered that the
benchmarking was not priority activity for NMP in the current situation and the team
reserved the right to decide whether or not it has resources to support benchmarking
actions on a case-by-case basis (Personal log).

The Wireless Data contact for the NSPI had prior experiences in project management
and had moved to NMP several years earlier from an organization with higher discipline
in software engineering. After completing his latest project in NMP he had sought for
more process-oriented responsibilities. Although he was not a process expert as such, this
was offset by the fact that he had been exposed to a more mature process environment.
Furthermore in the beginning he was mainly responsible for only one site since the WD
had only recently established other sites and these had only started to establish their
software organizations.

The roles were thus resourced as shown in the Table 1.

Table 1. Resourcing the Global SPE Coordination Team
Role Resource

SPI Manager NMP-SPI project leader (Atte Kinnula)
SPI Coordinator (CMT) NMP-SPI project leader (Atte Kinnula)
SPI Coordinator (WD) Wireless Data Contact for NSPI
SW Metrics Coordinator NMP SW Metrics action team leader
SW Assessment Coordinator NMP-SPI project manager (Atte Kinnula)
Benchmarking Coordinator None
SW Process Documentation and
Architecture Coordinator

SWEP Implementation action team leader

Although the Global SPE Coordination Team was clearly under-resourced, it was
considered better to leave as many resources as possible for local work since the aim was
to get the local level to become more active in SPE (Personal log).
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6.4.4. Technologies and Methodologies

Some of the technical and methodology infrastructure had already been established by the
previous improvement actions (see Appendix 1: projects involved in changing the SPE
approach in NMP). These were incorporated in the new SPE infrastructure. However, it
was clear that there were many areas that needed improvement.

A Lotus Notes –based application ‘SW Forum’ was adopted to support the SPE
Management activities. The application was developed by the NMP Information
Technology department and can be used to store project documentation, enter and track
action items, meeting agendas and minutes and has a discussion forum feature. The tool
had also the capability to manage several projects or categories in the same application,
with each project having its own set of documents, action items, meeting documents and
discussion area. The tool had been launched by SW TAG in late 1996 and was
restructured to better support the SPE activities during January 1997. The following
process-related categories were established into the tool (Action Items, SW Forum
Projects):

• SPI Coordination – Assessments: A category for software process assessment
related activities. The assessment plans, results, and lessons learned were to be
stored here, as well as assessment method material.

• SPI Coordination – Local SPI Activities: A category for local activities. The local
strategies, action plans and activity reports were to be stored here. This is also the
category for Local SPI Coordinators’ Forum and SPE management issues are
discussed under this category.

• SPI Coordination – Metrics: A category for metrics activities. Metrics reports
were to be stored here. This is also the category for SW Metrics Forum
discussions and metrics –related workshop materials.

• SPI Coordination – SWEP Improvement: A category for process documentation
management and the main category for SWEP Improvement Forum. The actual
process documentation is stored in the databases implemented by the SWEP
Implementation action, but this category was to be used to plan releases, to
coordinate activities, etc.

• SW TAG – SPI Coordination Team: A category for the Global SPE Coordination
Team. The action items for the global team, presentations and global team reports
were to be stored here.

The Software Process Definition infrastructure included Information Mapping -
technique and related tools for process documentation, and three Lotus Notes databases,
which were (Interviews):

• SW Forum: used for discussions concerning process documentation and
improving of process assets

• Software Process Manual Development -database, which is the database for
managing the process assets.

• SWEP Release Database (SWEP is short for SoftWare Engineering Process),
which contains the official set of process documentation available for use. A new
version of the database is released four times a year.
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The software metrics infrastructure included one repository and two tools for
gathering measurement data. These were (Interviews):

• SW Forum: used for storing metrics reports
• HFU (Hour Follow-Up): the NMP internal tool for recording project effort usage

(hours)
• ADB (Action DataBase): the NMP internal tool for recording and tracking errors,

open items and other actions for product development projects.
The HFU and ADB tools had severe limitations both due to their implementation and

the way they were used in the company. In addition the tools, while official for NMP,
were not universally used in all sites. As a result the tools could not readily support the
global software metrics that had been defined for NMP. Much of the measurement
collection was manual and required separate accounting on the projects’ behalf.

The infrastructure to support the software process assessments had two methods in the
assessment portfolio; the CMM-based self-assessment and the full CBA-IPI. NMP had
selected SW-CMM as its de facto process improvement framework already in 1994
(Livingstone 1994b, 4-5). Several self-assessments and one full CBA-IPI assessment had
been conducted during the 1993-1996 (SW TAG reports, Assessment reports). The SW
Forum was used as a repository for assessment-related documentation. The only actual
tool (in the sense of automated system) was a support tool for the self-assessments,
developed by Nokia Research Centre. As a tool it is very simple Excel toolsheet, where
the person facilitating the self-assessment enters the answers and the tool automatically
calculates the ratings.

No particular infrastructure for benchmarking existed or was established since there
was no resources allocated for coordinating this activity.

6.4.5. Process Documentation

Only very few process representations or comparable documents concerning SPE itself
were created initially. Essentially these were the activity and structural models,
organizational models, the role descriptions and reporting practices for reports from local
to global level, global to local level, and from operative organization to sponsors
(Kinnula 1997a, SW Forum Discussions). In addition the process definition work was
supported by guidelines and templates for process documentation. There were, however,
a number of unwritten practices already in early 1997 and more practices were
established during 1997-1998 (SW Forum Discussions).

6.5. Initiating and launching the global SPI program

When the work with the two abstract models was under way, a promotion task was
started to pave the way for the new SPI program. The NMP-SPI project was presented in
an NMP-wide software seminar on October 1996 (Kinnula 1996d). This was followed by
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visits R&D sites where the author had meetings with the local contacts and software line
and project managers during October and November. Only two sites were not visited: one
was going through a major organizational change and the timing was considered
inappropriate, and the other was geographically very remote from other sites. The author
had had discussions with representatives from the latter site it was agreed that a separate
visit was not necessary at that time. (Personal log.)

The site visits aimed at promoting the ideas behind revised SPE system, preparing the
local level for the global SPI program and explaining what was to happen in practice. The
ultimate objective was to get buy-in for the SPI program at the local level. In addition the
visits gave the author a chance to study the local process engineering infrastructure and
activities which were then used to support the modeling work.

The work to establish objectives for the first operative year started in January 1997.
The Global SPE Coordination Team was formed and started to draw the improvement
plans for 1997. The plans were based on a review of the process status, the results of the
NMP-SPI SWOT analysis, and the improvement targets derived from the NMP business
strategy and the NSPI. In addition, the Global SPE Coordination Team established a risk
management plan for the threats identified in the SWOT analysis. The staff growth was
to be offset with the help of the operative sponsor, who promised to help with getting
more resources for process work at the local level. It was also agreed that the policy
would be to ensure that local level would have all possible SPI resources, even if it meant
that the global team had to remain underresourced. The NSPI focus on metrics was
countered with the policy that NMP would adopt only those metrics which were based on
measurements that were already collected in NMP, at least in principle. NMP instances of
the corporate level metrics would be defined but a metric would be taken into use only
when it would not present a threat for the metrics program (Kinnula 1997a). Finally the
SPI Manager was responsible for ensuring that the NMP top management would have
realistic expectations, even with the risk of having the program closed if the management
were not satisfied. It was agreed that it would be better to close off the entire program
now, rather than face the dissatisfaction later when the expectations could not be met.
(Meetings.)

The culmination of the work to initiate the SPI program was the first SPI
Coordinators’ meeting in early February 1997. All sites were represented, and the
members of the Global SPE Coordination Team and the operative sponsor (SW TAG
Chairman) were present. The objectives that had been prepared were reviewed, discussed,
refined and accepted. The main objective was to implement and pilot the revised SPE
system across the organization, but in addition certain SW-CMM 1.1 –related objectives
were defined as well. To start driving the SPE system into a managed mode the local sites
were required to come up with an annual SPI roadmap by mid-April 1997, and to report
the activities on a quarterly basis. To assist in monitoring the process status at the global
level the sites were required to go through a self-assessment twice per year in addition to
collecting and reporting the previously defined software process metrics. The dates for
the assessment were not fixed, although deadlines for filing in the assessment results
report were. The metrics were to be reported on a quarterly basis, at the same time with
activity reports. (Meetings.)

It was also agreed that towards the end of 1997 another SPI Coordinators’ meeting
would be held to check the process status, compare the objectives with the achievements,
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gather lessons learned, and revise the objectives. The new objectives would then be
incorporated for the next annual plan at the local levels and the review process repeated
again towards the end of 1998, and so forth. (Meetings.)

6.6. Evaluating the revised SPE system

The key requirements for the SPE system were comprehensiveness both organizationally
and process-wise, tolerance for local variations for the SPE infrastructure, and
operativeness – i.e. capability to sustain a SPI program (see section 6.2). In August 1998
the SPE system was evaluated against this criteria.

A status check for the SPE system was performed to evaluate how well the
implementation had progressed. This check proved that the SPE system was in place and
operational, although there was still need for improvements (Korsaa 1998). The
established SPE system covered all NMP sites, although some that had just joined the
program had not yet achieved an effective implementation of the local level SPE system.
All the large sites were active and had the necessary elements in place, but the metrics
area was found to be weak throughout the NMP. While the SW Metrics Coordinator role
had been filled throughout the period, this part of the SPE organization was perhaps the
most underresourced in respect to the task at hand. In addition the SW Metrics
Coordinator was changed twice in 1997, which further slowed down the work. It is quite
obvious now that in the metrics area a major improvement action is needed to set up the
infrastructure that can support the metrics activities. These improvements were also
identified in plans for the next period (Lyytinen 1998a).

The approach to allow local level to define the implementation of the local SPE
infrastructure was found to be successful. The R&D sites utilized this freedom especially
in establishing the SPE organization and the SPE system was able to cope with that, as
will be discussed in chapter 7.

The global software SPI program that was launched in February 1997 continued until
the end of 1998 when the changes in NMP strategies called for a complete revision of the
objectives. During this time the program went through two full project cycles, i.e. cycles
where the objectives are established, actions defined, activities executed and results
compared against objectives so that new objectives can be established and cycle
continued. The cycles were considered as a test of whether or not the new SPE system
can sustain the SPI program. There were no discernible problems with the program, and
in fact the program was in much better control than the previous SPI programs had been.
In general the SPE system was found operational and applicable.

Finally the local level had become more active in SPE issues than before and the SPE
practitioners were pleased with the new system. As a conclusion the revised SPE system
was considered to be very successful.



7. Evaluating the models

The activity and structural models described in section 6.3 were initially used to define
the models for the global and local organizations in late 1996. During 1997 they were
used to guide the implementation of the SPE system, to communicate the SPE system
concepts to the local level, and as a checklist for monitoring the status of the SPE system
at the global level.

The author of this thesis collected experiences related to the models during the
implementation and operation of the SPE system, including the new global SPI program.
These findings were analyzed towards the end of 1997 to see what changes were needed.
While the experiences pointed out chances for improvement to all models, only the
activity model was revised, as it became obvious that a major part of the SPE process had
been overlooked.

In 1998 the models were continued to be used as before, but they were also used for
assessing the status of the local SPE system (Kinnula 1998c) and as guidelines for
revising the Global SPE Coordination Team organization after the migration from
research to product development had been done (Personal log, Kinnula 1998d). As a part
of the thesis work the experiences collected from both 1997 and 1998 have been used to
enhance the models (see: chapters 8 and 9) and the revised models were handed over to
the SPE organization for use in November 1998 (Lyytinen 1998b).

7.1. A missing model

During September-November 1997 the Global SPE Coordination Team analyzed the
lessons learned from operating the SPE system in order to draft plans for 1998. One of
the major findings that came out of the analysis concerned also the models behind the
SPE system. The Local SPI Coordinators had complained that projects were not
interested in cooperation, but a dialogue with product development projects indicated that
the projects were actually quite keen on getting process improvements, as long as the
improvements tackled the problems the project had. However, it appeared that the local
process owners were driving for standard solutions i.e. improvements that were not
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specific to any project but should be applied to all of them. This was met with resistance
since the improvements sometimes were not bringing added value, but nevertheless
required extra effort from projects to take them into use. (Personal log.)

The analysis thus suggested that the problem of getting the projects involved was
related to the fact that the local SPE system was still largely implemented as a line
operation, as opposed to joint operation between line and projects. The line organization
was the main driver for process improvement, owned the processes and, in order to save
SPE resources, it was aiming for standard solutions because coping with multiple
variations requires more resources. This aim had several practical problems, however.
For instance the existence of different project types makes it very difficult to have
uniform processes across all projects.

The situation was recognized to be clearly analogous with the problems at the global
level back in 1994. At that time SW TAG (analogous to local organization) was driving
for NMP-wide standard process that would apply to all R&D sites (analogous to
projects). It was not until the process ownership and improvement was made a local
responsibility that the situation started to change for better. Since this approach had
proved to be successful thus far on a global scale, there was a reason to believe that a
similar operation at the local level could assist in improving the situation. As a result the
Global SPE Coordination Team decided to start driving a change which eventually would
move the process ownership to product projects, which also meant that the SPE system
was to be extended down to project levels. (Meetings, Kinnula 1998b.) Incidentally, this
also revealed that the original set of abstract models had a shortcoming.

The fact that the process ownership had to be extended to projects brought up the fact
that the models behind the SPE system recognized only two levels – global and local –
and even they were visible only at the implementation models, not in the abstract models.
Furthermore, the Nokia corporate –level SPI initiative could also be considered to be an
additional organizational layer, this time existing above the NMP global level. This in
essence meant that certain elements of the SPE system existed lower than the local level
and higher than the global level. The corporate level appeared in the organizational
models, but as an external entity and not as a part of the system. This, in retrospect, was
realized to be the reason behind certain interface problems with the NSPI, as the
infrastructure was not built to integrate the corporate level with the global level more
closely. The project level on the other hand had not been even identified when the
infrastructure was being designed.

This lesson pointed out that the models should recognize the existence of different
organizational layers since the SPE system needs to extend across all of them. Each
organizational layer is responsible for certain SPE activities, although the scope and
nature of those activities can be very different from one layer to another. Each layer also
needs its own infrastructure to support the activities of which it is responsible for and to
form an interface and link to other layers. The fact that the lesson applied to both
structural elements and activities meant that this dimension should either be incorporated
to both models, or there should be a separate model that identifies the different
organizational hierarchies and their SPE scope.
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7.2. Lessons related to the activity model

The activity model identifies the activities that the SPE system needs to cover. The
original model included four activities – management, evaluation, definition and
improvement.

The implementation of the SPE system was in accordance with the model. The Global
SPE Coordination Team roles, the global forums and the global team itself can all be
mapped to the activity model. Likewise the local level focused on establishing the
management activities, continued the metrics activities, started assessment activities and
initiated process improvement actions. The process definition was in practice a global
activity although this was not the intention and the work to get local level more active in
this respect continues. (Interviews.)

The first indications that the model had a flaw appeared towards the end of 1997
when certain local representatives of the SWEP Improvement Forum started to voice
their concerns about the status of existing processes in their sites. They pointed out that
most of the resources were now being drawn to the process improvement activities and
there was less time allocated to support the use of existing processes. In many cases the
members of the local QMT (or equivalent) group had been allocated to projects as
process assistants, helping the project manager to establish the project and quality plans,
interpreting and tailoring the milestone requirements, making status checks and so forth.
However, this resource pool was now being mostly utilized in improvement actions, and
there was concern that the established processes which had hitherto been considered as
strengths were now degrading or falling into disuse due to the lack of support and
becoming weaknesses. (Personal log, Kinnula 1997e, 9.)

The main source for the process erosion was considered to be the extremely rapid
growth of software staff in NMP (Personal log). In one particular site the problem was
also the increased staff turnover (SPI Plans and Reports). In both cases the new people
brought their own practices and without proper training and support these practices
started to eat out the process from inside. Having the experienced people to mentor the
newcomers was not an option, since the sites were doubling in size sometimes in less
than a year, so the ratio of old to new was simply too overwhelming.

It was also pointed out that even experienced people needed guidance for tailoring
processes for a new project phase. First of all, it usually had been some time since they
had been in the same phase in their previous project and during that time some processes
had changed, so while a particular process might already be established, it can still be
new to many people. Second, the business case itself has changed and the process has to
be tailored to fit the project’s needs. This again requires a substantial understanding of a
process to have the ability to see through the letter of the process representations and pick
up the essential idea which need to be retained even when the process is altered for a
specific case. For this reason tailoring processes for a specific project is effectively a
team effort; the project managers rarely have enough process competence, or time, to do
the tailoring on their own, so they do it jointly with the process specialists when possible.
(Personal log.)

The concerns were taken seriously by the Global SPE Coordination Team and the
team started to look at the status of process support in various sites. The observations
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suggested that there had indeed been a shift in the use of resources and in some cases this
appeared to have negative effect on actual process instances. Comparing two sites that
had very different approaches in this matter further highlighted the importance of proper
process support.

The first site had a policy to focus on process support, allocating their QMT group
members to projects. One person was allocated to support from one to three projects with
nearly full time. This also meant that some projects were without a support person
because there was a resource shortage in the QMT group. The improvement actions were
separate task groups and while in most cases the process support people did participate in
them, the SPI actions were of secondary importance. Regardless of this the site was
making an excellent progress in process improvement and the projects had found the
process support people so valuable that they were demanding more of them. For this
reason the local SPI Coordinator was able to recruit more process specialists than any
other site, since the projects’ demands were something to which the site management
listened very carefully. A good process support had created a positive feedback loop,
which apparently also enabled improvement actions to be successful. (Personal log.)

The second site had a policy to provide process support to all projects but the
improvement actions were considered to be more important. The ratio of projects to
support people was definitely worse in this site than in the first one, but the time
allocation for support activities was only 10-15% total time and each support person had
multiple projects to look after. This in essence meant that the support people could only
participate in milestone checks. Consequently some of the projects considered the process
support more a nuisance than help and there was clearly more resentment towards
improvement activities as well. This particular site also had a major reaction against the
new process asset library, which was considered to be too complicated and impossible to
follow. Due to the lack of support the projects had to tackle the library on their own and
found the library structure confusing. While they had received formal training in the use
of SWEP, it was only a classroom training that apparently was not enough. Some of the
comments indicated also that the projects tried to use the SWEP release database as a
manual (i.e. a guideline that is followed from cover to cover) and not as a library (i.e. a
collection of guidelines, from which only those that are needed are taken into use). This
caused severe problems, since the database is definitely a library, not a manual. The
impact of the lack of process support was thus quite apparent in this site. (Personal log.)

These findings suggested that the activity model was too focused on improvement and
lacked the aspect of process support. The latter had to be made more visible since it was a
significant portion of the work needed. As a result the model was revised in early 1998
by redefining the scope of ‘Process Improvement’ and adding a new activity called
‘Process Deployment.’ The revised definition of the ‘Process Improvement’ stated that
the activity covers the work to develop the actual improvement solution and the output is
a tested improvement ready for deployment. The ‘Process Deployment’ on the other hand
was defined to cover the work which instantiates a process, whether an old and existing
one (re-deployment) or one that has just been piloted and approved for use (roll-out).
Process support work was considered to be a part of the re-deployment.

As a part of this revision the ‘Process Definition’ activity was also re-evaluated. By
redefining the ‘Process Improvement’ and adding the new element, the process
improvement was no longer the culmination of the entire process engineering system.
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Thus process definition became a minor activity which only captures the improvements
as documented process representations. However, the infrastructure that took care of the
process assets was doing much more than only providing assistance in documentation
work. It was decided that a more appropriate name for this activity was ‘SW Process
Asset Management’ and the purpose was defined as follows:

“The purpose of Process Asset Management is to capture the existing
processes, and the improvements and changes to the processes into a set of
assets (tools, methods, process representations) that can be reused in future
process instances, to store and maintain these assets, and to make them
available for process engineering purposes.”

(Timo Kaltio, December 1997).

The second revision of the activity model also grouped the five activities into activity
layers, to highlight their purpose and nature in the SPE system. The revision is presented
in Fig. 9. (original from Kinnula 1998a, 1). The shaded box is the Software Process
Engineering process (i.e. collection of activities within the process engineering domain)
and the white boxes are the main activities within that process. The arrows on the left-
hand side group the activities according to their nature, and this grouping is further
emphasized by the dashed-line rectangles (complete with titles) within the shaded box.

Fig. 9. Second revision of the activity model.

The SW Process Engineering Work layer contains the elements that provide added
value to the company. This includes SW Process Improvement, which covers the
activities to develop and test solutions for the problem at hand, and SW Process
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Deployment, which covers the activities to roll-out new solutions and re-deploy existing
processes.

The SW Process Engineering Support layer contains the elements that support the
SPE work and are utilized as tools by all the other elements. This includes SW Process
Evaluation, which provides information about the process instances, and SW Process
Asset Management, which captures the process information into reusable assets (tools,
methods, process representations), maintains the assets and makes them available e.g. for
deployment.

The SW Process Engineering Management is an element that ensures that SPE is
continuous, managed, and serves the organization’s needs by controlling and
coordinating all the activities.

Literature references were not used in the making of this revision, since such a study
would have required much more effort that could be allocated to the task. The revised
model was put into use in 1998 and after it had been used for some time it became
obvious that the revision had not been successful. The flaws appeared primarily through
discussions with local representatives about the scope of SPE activities. (Personal log.)

First of all, the new definition of ‘Process Improvement’ proved to be very difficult to
remember. The suggested reasons for this were that because the activity still had the old
name, people were still thinking about the old definition. Furthermore the old definition
was more in line with the common understanding of what software process improvement
was about, while the new definition had considerably narrower scope.

Secondly the original model had been much clearer in the respect that the other
activities were seen as a foundation for process improvement and their relation to it was
intuitive to most of the people. The pyramid-alike icon supported this interpretation,
showing that the process improvement with “positive impact on real life” was the
culmination of the system and rested on the other elements (see Fig. 4. on page 55). In the
new model the relationships between the activities became less obvious, since e.g.
improvement had to go through deployment before the impact could be achieved. People
started tracking a process flow across the icon to identify the relationships. Since the
model was not intended for such use it only confused the issue further.

These problems were not solved before August 1998, when the author started to work
on a third revision of the activity model as a part of the doctorate studies. This work is
presented in section 8.3.

7.3. Lessons related to the structural model

The structural model defines the key elements that are needed to support the process
engineering activities. The original model identified the following four elements:
Organization, People, Technologies and Methodologies, and Process Documentation. The
experiences thus far have not suggested that anything is missing from the model,
although there are findings which point out that the Process Documentation –element is
too shallow in scope.
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One of the key problems identified in the SWOT analysis in 1996 was the lack of
proper SPE management. Organization was considered to be an essential element in this
respect. The experiences of the actual organization are discussed separately in section
7.4, but overall the lesson was that a well-defined organization clearly helped both to
increase control over SPE activities and to keep the SPE system operational in a
distributed environment. This was especially pronounced in the case of the Global SPE
Coordination Team, which was completely distributed geographically. The members
could not keep in constant touch with each others but were often required to act as
representatives of the entire team in their own local site and while visiting sites with no
representatives in the team. (Personal log, Interviews.)

The team members found out that having well-defined areas for operation helped
them to focus on their part of the work and allowed them to act independently. However,
knowing the others’ focus areas as well also helped them to represent the entire team,
since they knew when to refer, or relay information to another coordinator. Without such
a structure the team members would have easily ventured to each others’ areas and on the
other hand some areas might have gone unattended. (Personal log, Interviews.) It is also
possible that the team members would have been reluctant to work while on their own in
fear of making conflicting decisions. Such a team would have been largely inoperative,
being active only when assembled.

The lessons related to People element of the structural model confirmed that it is an
important aspect of the infrastructure. The element needs constant management attention
and e.g. resourcing the activities is a major task for both local and global operative
organizations. Managing the skills has also been an important issue and one that could
have benefited from more attention. For instance in many cases the process specialists
come have a technical background, but essentially deal only with people-related issues.
Consultancy skills have now been identified as an important part of the process
specialists’ skill portfolio in NMP. Finally, motivation is a crucial issue to be managed.
For instance in one site a person was nominated as a local SPI Coordinator and time was
allocated for him to perform in that role, but the time allocation was only part-time and
that person had other responsibilities that were more motivating from his viewpoint. As a
result this site fell considerably behind the others during 1997 and the situation was
resolved only after a new person with interest in process issues was found. (Meetings.)

The technology and methodology –part of the infrastructure has hitherto been a
weakness in the NMP’s Software Process Engineering system. The experiences related to
this part of have mostly been from the tools to support managing process assets and
methods for process assessments. In these areas the technical support has been found to
be invaluable. For instance the feedback mechanism built into the SWEP release database
is in extensive use by the software practitioners and the material received through it is
invaluable help in improving the process assets. Furthermore, a survey done in September
1998 to assess the status of the infrastructure pointed out that the areas where technical
support exists are clearly in better shape than in those areas where it is missing. The need
for better methods and tools for e.g. metrics was also explicitly pointed out during the
survey. (Kinnula 1998c.)

The survey also revealed that the element of Process Documentation is in very poor
shape as far as SPE processes are concerned. Only a few documented SPE practices exist,
mainly related to SW Process Engineering Management (Kinnula 1998c). However, this
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did not seem to have a strong connection with the problems experienced either at the
local or global levels. A further exploration on this topic revealed that in many cases a
number of well-established practices exist and are routinely performed but have not been
documented. While undocumented practices are a risk to the process since they are hard
to maintain when people change, the question is more about maturity than whether the
supportive element exists or not. This finding suggests that the scope and definition of
Process Documentation element itself should be expanded to include undocumented
practices as well, since the model should identify elements which provide support, not to
set any particular maturity limits to them.

A second revision of this model has been defined as a part of this thesis work, and is
presented in section 8.2.

7.4. Lessons related to the organizational models

The original models defined two organizational levels for the operative organization – the
global level and local level. There have been no organization-related problems in the
cooperation between the two levels, which suggest that the definition of roles,
responsibilities and interfaces between the levels has been a successful one. However, as
discussed in section 7.1, the lessons from 1997 pointed out that the organization needs to
be extended further to the project level and the corporate level should be included more
explicitly.

7.4.1. Global organization

Global organization with a central coordination team, forums, temporary workshops and
steering group has been found to be a successful approach. However, there is a need to
put more focus on the organizational entities outside the operative organization.

The Global SPE Coordination Team is a full-time organization dedicated to keeping
up and supporting the SPE activities in NMP. It has been successful in its task, as the
level of SPE activity has increased (SPI Plans and Reports). Prior to the existence of such
a catalyst the improvement activity tended to decrease whenever the focus of the then
operative management (SW TAG Management Board) shifted to other issues. The SPE
work at the local level is also showing signs of better management and long-term
continuity, while it earlier were more ad hoc and spurious in nature (NMP 1996). In
addition the visibility to SPE activities is good, and the activities can be guided with
common objectives, although the control could be better (SPI Plans and Reports).

The main lesson of the Global SPE Coordination Team itself is that certain roles need
to be removed and new ones are needed. For instance a training coordinator will be
needed to look after training issues. This role is linked to the process deployment activity.
In addition a tool coordinator is needed to look after the technical process assets. The
benchmarking coordinator on the other hand is an empty role that will be removed. This
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does not mean that the role itself would be faulty, but presently benchmarking is such a
minor activity in Software Process Engineering at NMP that it does not warrant a
separate role. (Interviews, Meetings, Personal log.)

The global forums have proven to be an essential tool in committing the members of
local organizations, establishing a common approach for process engineering throughout
the NMP, and for spreading out important information. Forums are also excellent
decision making arenas as the members are both experts in and responsible for the topics
in question. As such, the decisions are both binding and based on expert opinions. While
the Global SPE Coordination Team may be responsible for the daily management of SPE
activities, the forums wield the authority in their particular areas. Without them, the SPE
approach would easily become very centralized, communication might be slower and the
local commitment would be harder to get. The problem with global forums has been their
resourcing, as most of the forum members have only part time allocation to the SPE
work. (Personal log, Interviews.)

The workshops have been found to be useful vessels for establishing limited
improvements to process assets, mainly to documentation. Being very informal (i.e. not
projectized), composed of experts and meeting only few times they are fast, accurate, and
agile in their work. As a consequence they also require only minimal effort expenditure
and very short-term allocation, which is easier to obtain than getting resources for a more
formal project. This lightweight approach is made possible by the fact that the process
assets are managed by a standing organization which facilitates the workshops, and the
process architecture provides good support for working on a given process by defining
the boundaries for that process. (Interviews, Meetings.)

The role of the steering group has thus far been relatively minor. Need for a stronger
link to the steering group has been realized, however, and the situation will be changed in
the future. After the migration to the product development side the steering group was
changed and the new SPI Manager became an active part of it. Yet even currently the
steering group does not take a very active part in guiding the Global SPE Coordination
Team, as the steering group has become too large to be effective in this respect. To
improve this situation a core team for operative managers from different software
technology areas (e.g. architecture, processes, etc.) has been established as a mid-
management team. The steering group then expects the operative managers to provide
recommendations in software technology issues, which are then reviewed by the steering
group for alignment with the business needs and a taken into account in the broader
software strategy. (Personal log, Interviews.)

One key lesson for the global organization was the need to include global process
improvement projects, with proper project organization, plans and tracking. These are
needed for managing NMP-wide improvements or changes, such as upgrading certain
critical technologies e.g. configuration management tools, and so forth (Interviews,
Meetings.)

Another key lesson was the importance of managing contacts and groups beyond the
operative organization for SPE. Such entities should be made more explicit in the
organizational models to highlight the need to plan a strategy for cooperating with them
and deal out responsibility for managing the cooperation. In the NMP case there was no
overall strategy for managing external groups and when new groups were recognized the
person who happened to be the first contact handled them on a case-by-case basis. As a
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result the contact network was very fragmented and in some cases an important
cooperation group was mismanaged because the contact happened to be overloaded with
work and did not want to get personally involved with a new group. Although this did not
eventually cause any major problems, it did cause a number of minor ones. For instance,
a closer cooperation with the other NMP-wide process improvement incentives would
have both provided synergy and also avoided certain conflicts e.g. with overlapping tool
choices. In another case a potentially valuable external supplier / consultancy group lost
interest to NMP when the NMP contact did not know how to proceed with them.
(Personal log.)

The importance of a sponsorship network is a specific case of a non-operative
organizational entity. In some sites the local senior software line manager did not take an
active sponsoring role and even though the company sponsor for SPI Program is the
Senior Vice President for the entire R&D, his direct sponsoring had little effect at the
project level. A chain or network of sponsors is thus needed, starting from the top
management and ending to the project or line manager closest to the practitioners. The
identification and management of this network is an important task of both the SPI
Manager (global) and the local SPI Coordinator and a strategy for managing the sponsors
from top to bottom is needed to help the people in these roles. (Meetings.)

7.4.2. Local organization

The local level organization with process management group, SPI actions and local
specialists led by the local SPI Coordinator, is working as envisioned. There are a number
of variations of the local organization, but this has not been a problem. Instead the
freedom to choose the local implementation has been well received and there have been
no requests for better organizational models in this respect. Most of the local
organizations are more or less a variation of the common SEPG theme (for SEPG, see
e.g. McFeeley 1996, 172-175) but vary in size, selection of members, structure,
connections to other organizational entities, etc. For instance, in one site the SEPG is
practically the same as the local software technology steering group, while in another site
the SEPG is composed of local sub-process owners, only few of whom are managers.
(Kinnula 1998c.)

The main lesson related to the local organization was the fact that the local level
should focus on supporting the project level to do process improvements rather than be
the primary owner of the process improvement actions, as discussed in section 7.1.

7.5. Summary of the lessons learned

Overall, the activity and structural models have been found useful, especially for
operative management use. They capture the activities and required supportive elements
in a concise form, which makes it easy to communicate the idea to others and also to keep
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the things in mind while planning. The abstractness has not been perceived as a problem
and to date no-one has tried to use the models as straightforward implementation models.

The most notable lesson related to the models in general was the realization that the
SPE system must extend through all organizational layers. The abstract models should
take this into account to ensure that it will also happen when such a system is being set
up. Consequently a model to identify the organizational layers and the scope of their SPE
activities is needed.

The main lesson related to activity model was the finding that the effort to maintain
and support existing processes needed to be included more explicitly. Otherwise the
focus might be too biased in favor of improvement actions and this could lead to process
erosion. The key lesson for the structural model was that the scope of ‘Process
Documentation’ –element was found to be too shallow. Instead, it should be expanded to
include non-documented practices as well, since they play a major part in the supporting
infrastructure. The difference between the documented and non-documented elements is
more that of maturity than whether they exist or not in the first place.

The implementation of the operative organization has been found practical and
operational, so in this respect the organizational models can be considered valid for
NMP. On the other hand, the experiences show that the non-operative elements must be
made more explicit in the organizational models. This is needed to ensure that the overall
picture of the contact network is known to all and the contacts are properly managed.
This applies also to the sponsorship network.

The global and local operative organizations work as envisioned and the interfaces
between the two are clear and functional. The main lesson learned was that the actual
process improvement responsibility and ownership should exist at the project level, and
the local level is responsible for supporting projects in their process improvement work.



8. Establishing an architectural design model for a
Software Process Engineering system

As is evident from the case, the concepts behind the new SPE system were quite well
formed and captured as models already in the early phases of the NMP-SPI project (see
section 6.3). The project defined three models in late 1996 to support the definition and
implementation of the SPE system. The first two models, which are refined in this
chapter, defined the activities that fall in the scope of SPE and the infrastructure elements
needed to support these activities. The third model, which is the topic of chapter 9, was
an implementation model of the SPE organization (both global and local levels), which
divided the SPE activities as responsibilities to different organizational entities.

The first two models were applied in practice during 1997-1998 when the
infrastructure was actually established and managed. The models have been primarily
used to guide the implementation of the SPE system but also to evaluate the status of the
system and to support the planning for the next SPE system improvement iteration.

The overall experience is that both models are useful tools for managing Software
Process Engineering. They present an abstract view to the domain, rather than describing
any particular implementation of an SPE system. As such they can be used as checklists
in designing, reviewing and revising the system.

Although found useful, the models nevertheless need to be refined in order to make
them more accurate and comprehensive. In this chapter the lessons learned and the input
from the literature are used to both evaluate and revise the models. Each model is
considered separately and finally all models are combined together to form a new
architectural model for Software Process Engineering system.

8.1. Hierarchy Model for SPE architecture

Although the existence of different layers in the NMP organization was recognized from
the start, the original approach was to take them into account in the organizational model
only. At that time the focus was on drawing the line between the local and global
responsibilities and consequently only these two levels were identified.
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The discussions in September 1997 about the need to extend the process ownership
and responsibilities down to project level showed that the original scope concerning the
organizational hierarchy had clearly been too shallow. First it had only two levels and
secondly the hierarchies were reflected through organizational models although they
concern the entire SPE system, i.e. both the activities and all the supportive elements.
Each layer has some activities for which it is responsible and needs the infrastructure to
support those activities.

In addition to the need to extend the layers downwards within NMP, the Nokia
corporation level clearly is an additional layer to be taken into account, as the NMP’s
Software Process Engineering activities and infrastructures need to link with the
corporate-level activities and infrastructure. Had the organizational levels been included
in the abstract models the infrastructure could have been built to have better interface
with the Nokia corporate SPI program, and to include the project level within NMP from
early on.

The literature survey confirms that the concept of different organizational levels is
included in all except one of the models that deal with organizing and managing SPE
activities. Only the ISO 15504-7 model explicitly states that it attempts to be independent
of specific organizational structures and for this reason it does not present any particular
organizational levels (ISO/IEC 1998c, 1). However, most of the models present the
organizational levels through the implementation model that describes the SPE
organization and its entities. Contrary to this practice the NMP experiences suggest that it
is important to present the concept of different levels also in a more abstract form, as
discussed above. Explicitly defining the organizational levels and their scope in process
engineering helps to ensure that the implemented infrastructure has sufficient
organizational span to begin with. Furthermore such model can help in mapping the
models from the literature to match the target environment.

The IDEALSM 1.0 model has the organizational levels embedded in the model for SPI
organizations. In addition the Introduction chapter of the IDEALSM 1.0 model states that
there are two organizational layers – the corporate level and the organization level. The
former is defined as “corporation…is made up of a number of separate organizations”
(McFeeley 1996, 8). The handbook also suggests that very large organizations should
consider structuring their process improvement organization along the corporate
organizational model. The primary focus of the IDEALSM 1.0 model is the organizational
level SPI program, but the handbook also lists a number of tasks that belong to the
corporate level SPI program (McFeeley 1996, 9). While software project is mentioned in
a number of occasions, the model does not appear to consider this as an additional
organizational layer, but rather a customer or subject of SPI activities, such as
improvements or roll-out. The fact that the model for SPI organization recognizes only
the corporate and organization levels supports this interpretation.

While the SW-CMM 1.1 does not discuss about the SPI organization, it does identify
certain organizational levels although its objective is to remain organizationally
independent (Paulk et al. 1993b, O-64). The two levels of organizational entities
identified are the organization and the project. In addition, the definition of the
organization suggests the existence of another layer above it, as it states that organization
is “a unit within a company.” (Paulk et al. 1993b, O-70.) The projects are clearly a layer
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down from organization, since the organization definition also states that an organization
contains many projects that share a common top-level manager and common policies.

Zahran presents the best and most explicit implementation-independent model of
organizational levels (Zahran 1998, 88-89). According to him the SPI infrastructure must
span across three organizational layers – the Corporate level, the Project / Team level and
the Individual level. Each level has its own objectives and different implementations of
the infrastructure to support the SPI roles and functions on that level. This model covers
all the levels identified in NMP and extends the hierarchy even further down by including
the Individual level.

Merging the NMP experiences with the input from the literature gives us the model
presented below. Although the model deals with organizational issues, it is titled a
‘Hierarchy Model’ (for SPE architecture) to avoid confusing the model with the
‘Organization’ –element of the infrastructure model.

The SPE system needs to span across all the organizational levels a company has.
Different organizational levels have different focuses and viewpoints for SPE and each
level needs to own and carry out the SPE activities that are appropriate to the level in
question. Each level must also have an infrastructure that both supports the activities and
establishes a bridge to the other infrastructures at other levels. The Hierarchy Model for
SPE architecture identifies the levels that needs to be covered. The final number and type
of organizational levels depends on the company structure but a typical set includes four
layers which are:

Global level is the organizational layer which is responsible for SPE activities that
operate at cross-software development unit level. A global level exists in an environment
where a number of independent software development units exist. Such a situation
typically occurs when the company is geographically dispersed or is a single-site
organization but has a number of independent software divisions. In some cases there
may be several global levels, each higher level having typically less focus on operative
activities and more focus on strategic and management activities. The focus at this level
is to ensure that the company as a whole moves towards the agreed process goals,
synergy is achieved and that the entire improvement initiative maintains momentum. This
level is responsible for supporting the local level.

Local level is the organizational layer which is responsible for the SPE activities that
operate in one software development unit (e.g one R&D site). The activities span across
local projects and across the local software lines within the unit. The focus of this level is
to keep up a continous improvement cycle for software processes and to maintain the
achieved process improvements and existing practices. This level is responsible for
supporting the project / line, and individual levels. At higher maturity levels (SW-CMM
levels three and up) the process ownership can reside at local level.

Project / line level is the organizational layer where the SPE activities have a scope
of a single project or a single software line process instance. A project is a group of
people that typically have a common product or objective, common manager and an
accentuated need for common practices. It can be either a single-site or a cross-site entity,
a small team or a large program (with several sub-projects). A software line process is
typically a non-projectized operation, often related to (human) resource management. At
this level the processes are being applied and process –related data can be gathered. The
focus of this level is to deploy and improve software processes. This level is responsible
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for supporting the individual level. At lower maturity levels (SW-CMM levels one and
two) the process ownership should reside at project / line level.

Individual level is the final organizational layer, containing the SPE activities that
concern all software practitioners, e.g. accessing process representations, providing
feedback, etc.

8.2. SPE Infrastructure Model

The SPE Infrastructure Model identifies the elements that support the enactment of SPE
activities and must be implemented in order to make the SPE system operational. These
elements need also to be actively managed and improved in order to sustain and improve
the SPE activities.

The experiences gained from applying the original model to practice suggest that the
model is for the most part valid and applicable. However, there were also findings that
require changes to the model. In this section the lessons learned are combined with the
findings from the literature to establish a refined model.

8.2.1. Organization

In the infrastructure model, the ‘Organization’ is defined as how the resources have been
organized to carry out the activities. At the most fundamental level organization is
equivalent to a role. Organization gives structure to the resources assigned to the tasks
and enables them to work together in a cohesive way. By definition, a completely
unorganized group is in a chaotic state.

Organization played a major role in the new SPE system in NMP since it was
considered to be a key element for better SPE management. The experience also showed
that having well-established roles and responsibilities clearly helped to achieve this
objective. Well-defined organization was especially crucial in keeping the Global SPE
Coordination Team operational, since the team was completely distributed and the
members both had to carry out their roles independently and sometimes also represent the
entire team.

Organization is also one of the most prominent infrastructure elements in the models
found from the literature. Different implementation models for process improvement
organization can be found from e.g. IDEALSM 1.0 (McFeeley 1996, 167-183), ISO
15504-7 (ISO/IEC 1998c, 17-20), Experience Factory (Basili & McGarry 1998, 8-10)
and from Zahran’s book, which is in turn based on the model by Fowler and Rifkin
(Zahran 1998, 95), although it has been slightly modified. The SW-CMM 1.1 is the only
model which does not propose any particular organizational models, but the overview of
the model states that Ability to Perform includes roles and responsibilities, which are
elements of an organization (Paulk et al. 1993b, O-37).
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As a conclusion, the scope of the Organization-element is defined to cover the
abstract building blocks of an organization, their relationships, as well as their scope.
This includes items such as agents or roles (individuals to larger entities), issues of
responsibility and ownership, communication paths, reporting relationships, work flow
structures, and so forth. (Paulk et al. 1993b, O-64 - O-73, Zahran 1998, 95-100, Dutton
1993, 57, Leavitt 1965, 1144.)

8.2.2. People

People are the most fundamental structural element for any people-intensive activity,
such as software development or Software Process Engineering. They bring with
themselves their past experiences (see section 8.2.4 Knowledge), which they then apply
to the task at hand. They can even to some degree create their own tools and methods (see
section 8.2.3 Technology), and define their own roles and responsibilities (see section
8.2.1 Organization) if these are not provided. Without people, there is no-one to do the
job and unless the process is fully automated, the activity simply won’t happen.

The original model identified skills, time and motivation as the key items of this part
of the infrastructure. The NMP experiences confirmed that while resourcing is a major
issue, the other issues are equally important as well. If the resources do not have the skills
to perform in their role, or the motivation to carry out the activities, simply increasing the
resource allocation will not solve the problem. As one project manager in NMP put it –
“It’s not the headcount that counts, but what’s in the head” (David Narraway, 1997). The
literature study also supports the importance of these items. Getting management
commitment to obtain resources for the SPE work is a common topic throughout the
software process literature. For instance a panel composed of 29 members of the IEEE
Software Editorial Board and Industry Advisory Board identified resources as one of the
top six problems of technology transfer (Chang 1991). The skills are explicitly included
in e.g. the IDEALSM 1.0 model, which gives a training and skill development table for
each phase (McFeeley 1996, 13, 56, 69-70, 95, 128) and they are also prominent in the
People-CMM (Curtis et al. 1997). Motivation in turn is a major issue in for instance ISO
15504-7 (ISO/IEC 1998c, 16-17).

The original model was clearly focused on hard issues, i.e. things that could be
manipulated by direct intervention. Time / resource allocation being the prime example,
but also skills and motivation fall into this category. Skills (e.g. use of tools, methods,
etc.) can be taught and motivation can be influenced via management actions, bonus
systems, etc. However, the literature study suggests that there are also other items that
should be taken into account when searching and screening candidates for particular
roles.

The first such item covers the personal characteristics of an individual. This can
actually be considered as an extension to skills and includes issues such as openness,
being innovative, etc. (Bouldin 1990, Zahran 1998, 102-103). The second item is the
person’s standing in the organization, which has a notable impact on his or her abilities to
get things done or influence people. The standing does not refer only to the formal title



88

and position but also to the more informal aspect of being someone whose opinions carry
a great deal of weight, regardless of the person’s formal position in the organization. This
is evident for instance in the characteristics that IDEALSM 1.0 suggests for the SEPG
members (McFeeley 1996, 148 and 174). In some cases the formal position is important
as well, especially in the case of sponsors, as they need to have the authority to make
decisions that affect the part of the organization within their scope (McFeeley 1996, 170,
Zahran 1998, 96).

Based on both the NMP experiences and the literature study, the People-element can
thus be re-defined to cover the issues that influence the person’s capability and
willingness to carry out the activities. These include:

• Abilities – skills and knowledge that can be taught and acquired, and
characteristics that people have. Examples include: use of a tool, process
knowledge, understanding of how the organization works or how to deal with
people, openness and natural networking skills, charisma or leadership abilities,
etc.

• Standing – both formal title and rank, as well as the more informal respect that
the person has from the other members of the organization

• Time – the time allocated and available to carry out the activities.
• Motivation – influences the likelihood and the extent to which a person will

actually use the time allocated to carry out the tasks and may affect the quality of
the results as well.

When improving this aspect of the infrastructure, one may need to look beyond the
items listed above and find out what has an impact on them. For instance management
attention, culture (social pressure, etc.), environment (interruptions, ability to focus,
actual time available), training, etc. all have effect on the people and their capability and
motivation to perform in the tasks assigned to them.

8.2.3. Technology

An indirect evidence of the need for tools and methods for SPE is the number of different
standards, methods, models, frameworks, techniques, and automated tools that are
available (e.g. Thomson & Mayhew 1997, Steinmann & Stienen 1996). The importance
of tools appears also quite commonly in process metrics literature (e.g. Hall & Fenton
1997, Offen & Jeffery 1997, Briand et al. 1996, Pfleeger 1993).

Technology assists people to do their work and, where properly integrated or
commonly used, support an efficient flow of information. The value of technology to the
process instance is that it guides the enactment of activities, speeds up things and leads
towards more uniform results when used properly. Technology is thus a way to transfer
or supplement skills and enhance capabilities. Without the tools and methods the work
would be slower, perhaps more error-prone, and the results may vary significantly.

The NMP experiences on this element have been largely limited to the tools to
support managing the process documentation and methods used for process assessment.
On the other hand this has created a contrast between the areas where technical support
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exists versus those where it does not (Kinnula 1998c). Thus there is a clear need to have
technology support for all SPE activities.

The models from the literature treat the issue of technology to varying degrees. ISO
15504-7 and Trillium 3.0 do not address it at all, the SW-CMM 1.1 recognizes the need
of tools in principle (Paulk et al. 1993b, O-37), and the IDEALSM 1.0 model and the
Experience Factory model identify certain technical requirements for process engineering
activities (e.g. McFeeley 1996, 54 and 56, Basili & McGarry 1998, 51), although the
former only to a very limited degree. In most of the models the technologies needed are
revealed in a piecemeal fashion and the concept of technical infrastructure doesn’t seem
to exist. Only the Zahran’s model elevates technology to a major role.

The Zahran’s concept of technical infrastructure covers the organization’s standard
software process, software process assets and the process support tools. The SPE
Infrastructure Model presented in this thesis is different in this respect, as it considers
process representations and models to be a part of another infrastructure element (see:
section 8.2.4 Knowledge). The reason for this division is historical – the model was
originally meant to get the improvement actions to consider both tools and procedures as
possible means to improve the target process. On the other hand the division does not
create problems and thus there is no reason to remove it.

Based on the literature study, the scope of this element can remain the same, i.e. tools
and methods. The former refers to any sort of automated support, from spreadsheets to
utility programs. The latter includes different methods and techniques. It should be noted
that the technologies for SPE are those which are used for establishing, improving and
maintaining processes. Thus technologies for software development are not included.

While there are a number of tools and methods available for SPE purposes, the
problem in improving this part of the infrastructure is not simply of that of selecting a
method and applying it. Technology requires also a good understanding of the problem
they are applied to and of the way they should be used. Without such understanding the
selected method may receive undue criticism and the results may be poor, which in turn
can have a negative impact on the general attitude towards SPE activities. This
observation is also supported by the literature, e.g. in cases where the criticism on a
certain technique has been answered with the counter-argument that the model has been
misunderstood, or falsely applied. A well-known example of this is the CMM criticism
expressed by Bollinger and McGowan (1991), replied to by Curtis and Humphrey (1991).

8.2.4. Knowledge (formerly ‘Process Documentation’)

This element was called ‘Process Documentation’ in the original model, but has here
been renamed to reflect the change in its scope.

The most notable lesson concerning the infrastructure model was the realization that
focusing only on the process documentation was far too narrow a view. Instead what is
needed is an element that covers all the practices (procedures, life cycles, etc.) used to
carry out the work and principles (strategies, policies, etc.) that guide the activities,
whether documented or not.
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The rationale behind the inclusion of undocumented items is that the purpose of the
infrastructure model is to identify elements that support the enactment of SPE process,
not to evaluate how mature the supporting element is. Thus, while documented items are
often more explicit and easier to share and deploy than undocumented items, the
difference from the infrastructure point of view is only that of maturity and quality. Even
undocumented items and practices can be shared and deployed and they support the
process instances to which they are applied. As an evidence to this is the fact that the
survey made to evaluate the status of the SPE system in NMP revealed a number of well-
established practices that were being performed on a very routine basis, but were not
documented (Kinnula 1998c).

The literature study suggests that this part of the infrastructure should be even further
expanded, to include not only things that directly guide the execution of the process, but
also other items of knowledge that further enhance the enactor’s understanding of the
domain. For instance the Experience Factory material is very clear about the need to
capture, not only process models but different types of product and domain knowledge as
well (Basili & McGarry 1998, 53). Similarly, the SW-CMM 1.1 identifies the need for
organization’s software process database, which contains e.g. measurement data of the
actual process instances (Paulk et al. 1993b, O-56, Zahran 1998, 110). ISO 15504-7
identifies the need to baseline the process maturity (ISO/IEC 1998c, 6-8) and IDEALSM

1.0 model identifies several other types of baselines needed to support SPI program as
well (McFeeley 1996, 53).

It must be realized that both Experience Factory and SW-CMM have the context of
software product engineering and thus e.g. the product data they refer to means the actual
software product. As has been pointed out by Osterweil (1997) the same analogy can be
applied to SPE as well but care must be taken to ensure that the terminology is
understood in the Software Process Engineering context. For instance, ‘product’ in the
new context equals to the product of SPE activities, e.g. process representations,
improvements, process-related services such as support, etc.

While the literature supports the widening the scope to include domain-related
knowledge items, the models do not support the concept of deepening the scope by
including non-documented knowledge as well. In fact, the literature study reveals that in
this respect the SPE Infrastructure Model presented in this thesis differs significantly
from the other models. The SW-CMM 1.1 considers only the “Documented Procedures”
and “Documented Organizational Policies” as institutionalization factors (e.g. Paulk et al.
1993b, L3-2 OPF-Commitment 1, and L3-15 OPD-Activity 1). On the other hand, the
CMM is about achieving maturity levels, which explains the requirement for
documentation. The knowledge items that the IDEALSM 1.0 model recognizes are
documented baselines. The ISO 15504-7 does not discuss about this aspect, and the
Experience Factory identifies the need for baselines and a “Measurement Handbook,”
which is a collection of process knowledge for process evaluation purposes (Basili &
McGarry 1998, 54). This, too, is expected to be in a documented format. Finally, the
model presented by Zahran also considers only documented process representations to be
a part of the infrastructure (Zahran 1998, 105-115).

There are, however, literature references where informality is recognized as an
important element of process. For instance in their article Perry, et al. (1994) present a
field study of a SW-CMM level 2 organization, where programmers were observed to
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learn how time is actually spent during product development. In this study they point out
the significance of informal communication – i.e. evidence of informal routines and
knowledge sharing.

Although the original scope was in this respect in line with what the models suggest
the experiences in NMP and other literature references defend the change in the scope.
First, conceptually the rationale is valid, i.e. undocumented knowledge and routines are
used to support process instances as much as, and in practice sometimes even more so
than, e.g. process representations. Second, by deliberately pointing out the existence and
importance of undocumented knowledge the model encourages the organization to take
an introspective look, evaluate its own practices and starting to improve this part of the
infrastructure by capturing the existing knowledge. Third, it is not certain whether the
aim should be in formalizing everything in the first place. Informality has a natural place
in human interaction and informal routines are very flexible and capable of adjusting
quickly to the current environment. This means that informality has an important role in
fine-tuning the system in a changing environment. However, this is sometimes
overlooked in the current literature, which has a strong emphasis of formalizing existing
practices.

Based on the NMP lessons and literature study, this part of the SPE Infrastructure
Model is renamed as ‘Knowledge’ and its scope is defined to cover both documented and
undocumented knowledge items, including process-related, domain-related and SPE
product –related knowledge. The first item includes policies, strategies, practices,
processes, etc., the second item includes e.g. organizational structures, effects of the
technology domain to processes, etc., and the third item includes e.g. process asset-
related measurement data (both qualitative and quantitative), etc. Documented process-
related knowledge is collectively referred to as process representations. A finalized
definition of this part is given below.

Where the technology focuses on specific method or tool, the knowledge is more
about understanding the subject of the activity, and the activity itself. Knowledge
supports the process instance by being a source of information and guidance when the
process instance is being executed.

Knowledge may be undocumented or documented. The former is based on the past
experiences and is owned by the individuals rather than by the organization. When
applied to a process instance they are either carried over by the people from their past, or
obtained from another person, usually via discussion, mentoring, etc. Documented
knowledge is a more refined form of information that has been captured either by an
individual or by the organization, usually for a purpose of making it widely available.
Turning knowledge into reusable intellectual assets, owned by the organization, gives the
company a potential to capitalize on the learning that happens in the organization.
Furthermore documented knowledge can be shared, evaluated, enhanced, etc., and its use
measured in a more systematic fashion than undocumented knowledge.
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8.2.5. SPE Infrastructure Model summary

As depicted in Fig. 10. the SPE Infrastructure Model identifies five elements; the
‘Activity’ (shaded box), which represents the process instance that the infrastructure
supports, and the four elements (flanking arrows) of the infrastructure itself.

Fig. 10. Software Process Engineering infrastructure model.

The structural elements are:
• Organization, representing how the resources (people, technology) have been

organized to carry out the process instance
• People, representing the human resources and their personal skills and

capabilities that are used to execute the process instance
• Technology, representing the technical resources or assets used in the process
• Knowledge, representing the undocumented and documented information assets

which are used to guide the enactment of the process.
Those parts of Technology and Knowledge that are owned and managed by the

company are collectively known as process assets. The Fig. 10. is overly simplified and
its focus is on the supportive elements, not in the SPE process. Thus e.g. the input and
output flows have not been depicted.

Zahran presents the infrastructure as having two dimensions – the Organizational and
Management dimension, and the Technical dimension. These correspond to the
‘Organization,’ ‘Technology,’ and ‘Knowledge’ elements of the SPE Infrastructure

Software ProcessSoftware Process
Engineering ActivityEngineering Activity

PEOPLE ORGANIZATION

TECHNOLOGY KNOWLEDGE
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Model. Although Zahran discusses about these dimensions at length, the definition is not
necessarily any more in-depth than what has been defined here and there are certain
internal discrepancies in the material that leave the reader slightly uncertain of the final
definition.

The infrastructure elements listed in SW-CMM 1.1, in the “Ability to Perform”
common feature come very close to the SPE Infrastructure Model. The list is, however,
rather superficial as it only identifies the elements but does not actually define them. The
reason may be that the SW-CMM 1.1 takes a much broader view to the
institutionalization, while the model defined in this thesis has a more narrow scope and
focuses on what structural elements are required to support a process instance. As such,
the SPE Infrastructure Model could be seen as a clarification and more in-depth analysis
of the SW-CMM 1.1’s “Ability to Perform” common feature.

Alternatively, the SPE Infrastructure Model can be considered to be a refined version
of the widely known change model presented by Harold J. Leavitt (1965) of Carnegie
Mellon University (then Carnegie Institute of Technology). The model was first
published in the Handbook of Organizations in 1965, in the chapter titled “Applied
Organizational Change in Industry: Structural, Technological and Humanistic
Approaches”.

The model has four elements that are, according to Leavitt, the main factors that
influence all (industrial) organizations. These are:

• Task, which is the production of goods and services and the related activities in
all hierarchical levels

• Actors, referring chiefly to people that carry out the tasks although the acts
executed need not remain exclusively in the human domain but can be e.g.
technology-enhanced.

• Technology, referring to direct problem-solving inventions and techniques –
including machines and programs.

• Structure, meaning the system of communication, authority / roles, and systems
of work flow.

The task is, in the Leavitt’s article, the ultimate subject of the change and will not be
changed directly. Instead the major approaches to influence the task-element can be
categorized with the remaining three elements – into structural, technological and people
approaches. The change projects will in most cases take one-sided view to the solution,
ignoring the others to a greater or lesser extent. Thus an attempt to solve a problem
(typically with the objective to improve performance) will be first tried either by
modifying the structure (“Let’s re-organize”), applying technology (“Let’s buy a new
tool”), or through people (“Let’s set up a training program”). Ultimately, however, the
organization must deal with changes in all the elements since they are all interdependent.

Although at the first glance the model and its use seems to be exactly the same as with
the model defined in this thesis, there are certain differences both in the models
themselves and the way they are applied.

First of all, Leavitt uses the model to categorize different approaches for effecting a
change to the organization. The intended use of the model from which the SPE
Infrastructure Model was originally derived (see section 6.3.2) was not to categorize
approaches, but rather point out that any SPI action must consider all the structural
elements and maintain a balance between them when a change to a process is being
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developed. This is basically turning Leavitt’s observation of being able to categorize
change approaches to three classes, into a guideline for change project, in order to
prevent change projects from resorting to any single approach category.

The use of the SPE Infrastructure Model is in turn an elaboration of the Leavitt’s first
observation, i.e. the statement that the four elements listed above are the main variables
of organizations. However, the SPE Infrastructure Model takes the viewpoint that the
elements support the process, not organization. This difference in Leavitt’s model and the
model presented in this thesis is not trivial and betrays the fact that the models have a
clear difference.

Finally, the Task as defined by Leavitt is equal to the ‘Activity’ in the SPE
Infrastructure Model. This is evident from the fact that Leavitt leaves Task element out of
the approach categories, and at the same time states that it is the ultimate target of the
change. This is again identical to the philosophy of the model from which the SPE
Infrastructure Model was originally derived, as it took the approach that an effective and
sustainable improvement to a process can be achieved only by manipulating the structural
elements that have a major impact on it.

Considering this, the Leavitt’s model would appear to have only three of the four
structural elements identified in the SPE Infrastructure Model. A closer examination
reveals, however, that Leavitt includes working methods and standards (roughly
equivalent to process representations) in general to be a part of ‘Technology’. Thus the
Leavitt’s model indeed has all the elements that the SPE Infrastructure Model has, but
model defined in this thesis considers process representations to be different in nature
than formalized methods and automations and for that reason identifies them as a
separate items. Furthermore, the Knowledge –element in the SPE Infrastructure Model
includes not only documented and standardized processes, but also undocumented
practices, domain information, and so forth. The SPE Infrastructure Model gives also
much more detailed definition of the four elements than the Leavitt’s model does.

The SPE Infrastructure Model can thus be considered to be an elaboration and
extension of the Leavitt’s model, applied in a different way and in a different domain, but
clearly supported by the observations that Leavitt has made already in 1965.

8.3. SPE Process Model

Whereas the SPE Infrastructure Model identifies the structural elements needed to
support process engineering activities, the SPE Process Model identifies the actual
activities that fall within the scope of Software Process Engineering. The SPE itself can
be considered a high level process, and its components can be seen as processes or
process categories, i.e. aggregates of different activities with common themes.

The original model (called activity model) for SPE activities identified the following
four processes:

• SW Process Engineering Management
• SW Process Evaluation
• SW Process Definition
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• SW Process Improvement.
The experiences gained from applying this model in practice showed that although the

model was useful, it needed to be revised. The main reason for this was the realization
that process engineering needed to cover both process improvement and process
maintenance, instead of focusing only on improvement. The second revision of the
process model is presented in section 7.2, but to summarize the new model was
restructured to have five process categories grouped into three groups:

• SW Process Engineering Work: Elements that provide added value to the
company.
Ø SW Process Improvement
Ø SW Process Deployment

• SW Process Engineering Support: Elements that form the foundation for the
process engineering work and are utilized as tools by all the other elements.
Ø SW Process Evaluation
Ø SW Process Asset Management

• SW Process Engineering Management: Element that ensures that SPE is
continuous, managed, and serves the organization’s needs by controlling and
coordinating all the activities
Ø SW Process Engineering Management.

The second revision of the model was established in early 1998 and taken into use as
a management tool to visualize and evaluate the status of SPE system. Before long the
revision was found dissatisfactory and a third revision needs to be defined.

In this section, the third revision of the SPE Process Model – covering both the
purposes and processes of SPE – is established by combining the lessons from NMP
experiences with findings from the literature study.

8.3.1. Structure of the SPE Process Model

The SPE Process Model has been defined with a top-down approach. The reason for this
is that the goal and purpose of the model is to support the establishing of the SPE system
and a fairly high level model was considered best suited for this purpose. The model is
currently defined only to the level of identifying the main SPE processes (lowest level in
the model). The processes have then been grouped to three groups according to their role
in the SPE system (intermediate level). The highest level has only one entity, i.e. the SW
Process Engineering process itself, which is defined to contain all the activities that focus
on and deal directly with software processes. The purposes and inputs for Software
Process Engineering process are identified at this level.
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8.3.2. Purposes and inputs of the SPE process

When the NMP-SPI project was launched, the process improvement was considered as
the sole purpose of the SPE system that was being established. However, the practice
showed that this leads to a situation where previous achievements are lost, as they are not
maintained. Thus the NMP experiences suggest that SPE needs to contribute to the target
organization in two ways; improving the software processes, and maintaining the status
of (existing) processes.

There are a number of things that can erode the processes in the organization. The two
most important ones identified in NMP are the changes in the software staff, and the
progress in project cycles. The first one can be due to staff turnover, growth or job
rotation. As a result, people become responsible for activities that are new to them and
without taking steps to ensure that they continue the good and agreed practices, the
process is in jeopardy. The second one is based on the observation that even when people
start to work on a task they have done before but some time ago, they may need some
support in re-instantiating it. In NMP experiences this is linked to the fact that, when
applied, all processes need to be tailored to fit the specific case; this happens both at
project and individual level. When new projects are initiated the existing processes need
to be re-deployed (tailored) to fit the business case at hand. As projects progress in their
cycles and enter new phases the staff of the project needs to re-deploy the processes that
belong to that particular phase against the specific needs of that particular project.

There is hardly a need for a literature study to confirm that process improvement is
widely recognized purpose for any SPE activity. The terminology in use in the field of
software process studies alone is heavily improvement-oriented. Conversely, the need to
maintain and support existing processes does not stand up as clearly as a purpose in its
own right. While activities that are clearly maintenance –oriented can be found, they are
presented in the context of improvement rather than in the context of supporting and
maintaining existing processes without any improvement objectives. An example of this
is the ISO 15504 process “ORG.2 Improvement Process”, which contains e.g. a base
practice to “Maintain the standard processes” (ISO/IEC 1998b, 38: ORG.2.1.BP8). In
addition the models that include goal setting for process engineering –related initiatives
and organizations focus exclusively on process improvement objectives (e.g. McFeeley
1996, ISO/IEC 1998c).

It is debatable whether the institutionalization factors in SW-CMM 1.1 are presented
in a non-improvement context. What can be observed is, however, that the material does
not elevate the maintenance as an in issue in its own right, while improvement is a
recurring theme across the document. (Paulk et al. 1993b.) Thus process maintenance is,
judging by the material, not seen to be as important as process improvement. The QIP
process in the Experience Factory material quite clearly takes the approach that process
re-deployment is also for improvement purposes (Basili & McGarry 1998, 3). It is
undoubtedly true that each time a process is used, new experiences are generated and thus
improvement occurs at some level. However, whether or not a commercial company has
resources to capture experiences from all process deployment cases is another matter
completely. At least in NMP re-deployment without any specific improvement objectives
does occur – in fact, in much greater quantities than deployment with process
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improvement goals. For this reason the importance of process maintenance should not be
underestimated.

While the literature does not seem to consider process maintenance as important as
the process improvement, the NMP experiences suggest otherwise. Improvement helps
the organization to achieve its business objectives by increasing the capability,
effectiveness and efficiency of the software process. Maintenance, in turn, helps in
achieving the business objectives by preventing the loss or degeneration of those software
processes that already exist and contribute to the achievement of business goals.

The purposes can be considered as outputs of the SPE process, and the items that
require the SPE system to utilize the process for either purpose can be considered inputs
for the SPE process. In the light of NMP experiences the inputs requiring improvement
activities are demands from external (to software) sources, problems in the software
process, and opportunities which can be solutions to problems or chances to improve
even when there is no actual problem. The inputs requiring maintenance are the staff
rotation and project cycles, as discussed above.

The relationship between the identified processes and the purposes of the SPE process
is that the same processes are used for both improvement and maintenance purposes. This
is possible because the processes have been defined at such a high level. When
instantiated, the actual activities are not likely to be identical in all cases, even if the
process is conceptually the same. For instance, the deployment process is used both for
improvement and maintenance, but deploying a new process is quite different from
deploying an existing process and thus the actual practices are likely to be different as
well.

8.3.3. SPE processes

Since the ISO 15504 process reference model is assumedly the most comprehensive of
the software process models available, the SPE Process Model is compared against it to
check whether there are any gaps or shortcomings. The fact that the developers of the
other major models have participated in the making of ISO 15504 further lends
credibility to this decision, as it can be assumed that the model is thus a superset of all the
other models.

A comparison between the first version of the SPE Process Model (the activity model,
established in late 1996) and the ISO 15504 reference model of that time (version 2.0)
reveals that the two models have a clear difference. While ISO 15504 v.2.0 identifies
only two process-related activities (“Define the Process”, “Improve the Process”), the
then SPE Process Model identifies four. The main difference is that in ISO 15504 the
process assessments are embedded as a base practice in the “Improve the Process” and
the metrics –related activities are completely missing, while the first version of SPE
Process Model includes both of these in the Process Evaluation process. Another
difference is that in ISO 15504 the SPE management issues are embedded to the other
ORG and MAN processes, whereas the first version of the SPE Process Model considers
them a separate process. This, however, is due to the fact that the ISO 15504 model
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covers the entire software process, while the SPE Process Model covers only the
Software Process Engineering domain. For this reason the latter difference should not be
considered to be a major issue. (ISO/IEC 1996a.)

A comparison between the first version of the SPE Process Model and the current ISO
15504 model then reveals that the models are very close to each other. The reason for this
is that ISO 15504 has been aligned with ISO 12207, which was used as a source for the
first version of the SPE Process Model (see section 6.3.1). The Process Improvement
element in the then SPE Process Model matches the ISO 15504 ORG.2.3 “Process
Improvement Process.” The Process Evaluation covers the ISO 15504 processes ORG.2.2
(“Process Assessment Process”) and ORG.5 (“Measurement Process”). The Process
Definition then matches the ISO 15504 ORG.2.1 (“Process Establishment Process”).
Again, the SPE management issues are embedded to the component processes of the
ORG.2, and to other ORG and MAN processes, as explained above. (ISO/IEC 1998b.)

However, the lessons learned from the SPE work in NMP have subsequently changed
the model as has been discussed earlier. There are two main differences between the
second version of the SPE Process Model and the current ISO 15504 model, apart from
the Process Engineering Management issue. First, as can be deduced from the name of
the ORG.2 process, the ISO 15504 confines itself to the improvement viewpoint while
the second version of the SPE Process Model elevates also the process maintenance
aspect as a major purpose for SPE. Thus the second version of the SPE Process Model
identifies Process Deployment as a major process, while in ISO 15504 it is still
embedded as a base practice both in ORG.2.1 and ORG.2.3 processes. (ISO/IEC 1998a.)
Second, the scope of the former Process Definition has been notably extended. In the SPE
Process Model process definition is one of the activities within the Process Asset
Management and the element covers the management of both technical and knowledge -
related process assets. The ISO 15504 model on the other hand has a reversed approach –
the last base practice of ORG.2.1 (“Process Establishment Process”) is to “Maintain the
standard process descriptions” (ISO/IEC 1998b, 38: ORG.2.1BP8), i.e. asset management
is part of the definition process. The management of technical process assets in ISO
15504 on the other hand is a separate process (ORG.4: “Infrastructure process”). The
ORG.6 (“Reuse process”) in the ISO 15504 has also items that are related to Process
Asset Management. (ISO/IEC 1998b.)

From this comparison it can be seen that the ISO 15504 process model does not
identify any shortcomings in the SPE Process Model. Since the literature study does not
give any particular reasons to change the model, the third version of the SPE Process
Model is here based on the experiences from using the second revision of the model.

The main difficulties with the second revision were related to the redefinition of the
Process Improvement. First, the redefinition of the scope caused confusion as the name
had not been changed and people at times had the old definition in mind when discussing
this process. Secondly process improvement is an established concept on its own, but the
definition of the second version deviated from the widely accepted definition, which
further confused the issue. Thirdly, the Process Improvement as defined in the first SPE
Process Model version (activity model) was also the purpose for Software Process
Engineering; i.e. the purpose was explicitly present in the model. When the Process
Improvement was re-defined, it effectively removed the purpose from the model or made
it very hard to understand.
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The purposes for the SPE have already been discussed and defined in section 8.3.1, so
the remaining change relates to the new definition of Process Improvement –process. As
the process essentially deals with development activities – design, implementation and
testing of the change to the process – a proper name for the category is Process
Development.

Although the comparison of process architecture between the SPE Process Model and
other models is difficult, the literature references can be used to refine the definition and
scope of the processes identified in the SPE Process Model. The definition from the
second version of the SPE Process Model is used as a guideline to identify those
activities that should be looked into from the literature models. These activities are then
used to revise and flesh out the new definition. The refined definitions are presented in
section 8.3.4.

8.3.4. SPE Process Model summary

Software Process Engineering is a form of organizational learning that covers the domain
of software processes. The organization’s software process assets and the data from the
process instances are the organizational knowledge and memory, respectively. SPE is in
charge of this part of the organizational intellectual capital. It has the responsibility to
manage, maintain, improve and capitalize on it, in order to answer to the business needs
of the organization.

The purpose of SPE is to improve and maintain software processes. This is
accomplished by evaluating the software process instances, and by evaluating, managing,
developing and deploying software process assets of the organization in a managed and
coordinated fashion and so that the results are in line with the business needs of the
organization.

Software Process Engineering includes the following five processes:
• Process Development
• Process Deployment
• Process Evaluation
• Process Asset Management
• Process Engineering Management.
The purpose of Process Development is to design, implement, refine and test a

change to a process (McFeeley 1996, 100), that will improve the process’ capability to
meet the process goals set to it (ISO/IEC 1998b, 40: ORG.2.3.BP2, BP4 and BP6). The
change may be a solution to problem in the process or a refinement to a process that will
enhance its deployability, applicability, efficiency and effectiveness (McFeeley 1996,
103-106). The change may involve any element that has an impact – direct or indirect –
to the execution and enactment of the process instance (Leavitt 1965, ISO/IEC 1998b, 40:
ORG.2.3.BP4) and it may be done during the process enactment to impact the process
on-line, or afterwards to enhance the process for the next deployment (Basili & McGarry
1998, 4).
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The purpose of Process Deployment is to establish a process instance by taking
existing process assets and deploying them into practice. Deployment is needed for both
establishing a change to a process (roll-out) and for re-deploying existing process assets
(institutionalization) (ISO/IEC 1998b, 38: ORG.2.1.BP6 and 49: ORG.2.3.BP9). It
includes activities such as installing the improvement, training, tailoring, evaluating the
deployment and monitoring the process execution (McFeeley 1996, 115-125: task 4.9).

The purpose of Process Evaluation is to collect, archive, baseline, analyze and
validate the correctness of the data that is needed for SPE (ISO/IEC 1998b, 52, Basili &
McGarry 1998, 51-52). It is also responsible for making the data and analysis results
available for SPE purposes (Basili & McGarry 1998, 51). The scope of process
evaluation covers both internal (e.g. internal metrics and assessments) and external (e.g.
industrial benchmarking) evaluations (ISO/IEC 1996b, 51, Paulk et al. 1993b, L5-24:
TCM Activity 2 and L5-26: TCM Activity 4). The data to be collected includes, but is not
restricted to (Zahran 1998, 224, Coallier et al. 1994, 54-57, Basili & McGarry 1998, 16
and 53):

• Measurements of processes, projects, products, staff and customer satisfaction
Ø Qualitative, such as process assessments and audits, industrial benchmarking,

literature studies (of best practices), project profiles, product profiles, lessons
learned, staff surveys, customer feedback, etc.

Ø Quantitative, such as effort usage, cycle time, software size, staff turnover,
field failure rates, etc.

• Domain information –related data
Ø E.g. Product characteristics, technology domain, relative role of software,

organizational goals, etc.
The purpose of Process Asset Management is to capture the existing knowledge and

technologies, and the improvements to processes into a set of process assets that can be
reused in future process instances. It is also responsible for storing and maintaining these
assets, and making them available for SPE purposes. (Basili & McGarry 1998, 4-9.) The
assets include, but are not restricted to (Basili & McGarry 1998, 11-12, Armitage et al.
1994, 7, Zahran 1998, 110-112):

• Process representations, e.g.:
Ø Process architecture description
Ø Definitions and descriptions (models) of life cycles, activities (processes),

agents (roles), artifacts (work products), measurements, and approved tools,
techniques and methods

• Guidelines, e.g.:
Ø Procedures for activities
Ø Manuals for approved tools and platforms, and guidelines where to obtain

them
Ø Manuals for approved methods and techniques

• Inputs, e.g.:
Ø Reusable process-related work products (templates, forms, etc.)
Ø Pointers to reusable product-related work products (code modules, test cases,

interface specifications, etc.)
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• Domain knowledge, e.g.:
Ø Organizational descriptions (including organization structure, project types,

etc.)
Ø Product descriptions (including architecture, etc.)
Ø Experiences packaged as risks or recommendations (such as specific lessons

learned about project types, phases, activities, tools, methods, techniques,
etc.)

Ø Training-related material
Ø Reference material (e.g. glossary of terminology, external resources,

standards, etc.).
The purpose of Process Engineering Management is to manage and guide the

process engineering activities and to maintain and develop the SPE system. The goal is to
ensure that the net impact of the SPE system serves the organization’s business needs and
that the system is cost-effective. It also includes activities for building the culture and
context within which the process engineering activities take place. It has three principal
dimensions (McFeeley 1996, 5, Zahran 1998, 102 and 174):

• Sponsorship – establishing the culture for process activities
• Strategic management – establishing and revising visions, policies, priorities,

strategies, etc. based on the organization’s business vision, needs and objectives
(typically the role of steering groups)

• Tactical / Operative management – managing the actual process engineering
activities.

The processes identified in the SPE Process Model must not be considered as separate
functions (organizationally) but rather arbitrary grouping of tasks that have a common
denominator. A team or organization operating within the SPE domain may have limited
coverage of all activities. For instance a process improvement project has elements of
management, evaluation, asset management, development, and sometimes also
deployment. As such it is a limited instance of the entire Software Process Engineering
process.

The SPE processes are utilized and applied by the organization for two purposes,
which are of equal importance. One is to modify and change existing processes and
create new processes in order to improve and enhance the software process’ ability to
support achievement of the organization’s business objectives. This is called Process
Improvement and it aims at developing and implementing improvements. The other
purpose is to keep up the current state of the process, in order to prevent the process from
degrading and thus becoming less able to contribute to the achievement of the
organization’s business objectives. This is called Process Maintenance and it aims at
facilitating the use of and reinforcing the degree of institutionalization of existing
processes.

Both purposes require that processes are applied in a way that serves the particular
purpose. Organization, with limited time and resources for process engineering activities,
must decide what is the proper balance between the two, i.e. how much effort is used for
Process Maintenance vs. the effort used for Process Improvement.

Focusing only on Process Maintenance creates a situation where the organization’s
competitiveness will degrade over time and there is a risk that overall capability will
degrade despite on the efforts to keep it up, as processes may become obsolete due to
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changes elsewhere in the organization or environment. On the other hand focusing only
on Process Improvement creates a situation where the existing processes may become de-
institutionalized due to changes in the environment that e.g. dilute the existing process
knowledge and / or uncontrolled injections of new practices that may conflict with the
existing processes.

The organization must find a working balance between the two purposes. The items
that affect the need for applying the SPE to a particular purpose are discussed below

Items that influence the need for Process Improvement:
• Demands – strategies and requirements from outside of the software domain to

which the software process must comply. These include business needs and
objectives, company policies and standards, development objectives and
perceived problems in the software process or software product

• Problems – feedback and measurements from process and product, indicating a
shortcoming or a source of dissatisfaction. The sources include direct and indirect
input from software practitioners and findings from process evaluations.

• Opportunities – new technical and knowledge potentials from internal and
external sources that can be utilized to enhance the process. The sources include
internal experts and achievements of other units in the company, or external
research, consultants, technology development and achievements of other
companies.

Items that influence the need for Process Maintenance:
• Project Cycles – changes in project portfolio and phases, as the existing projects

enter new life cycle phases, are concluded or cancelled and new projects are
initiated

• Staff Rotation – changes in staff, whether due to job rotation, staff turnover or
growth.

These items are not to be considered triggers, since such approach fosters a reactive
mindset. Instead they should be viewed as topics of interest for the SPE system. They
should be constantly monitored and evaluated, in order to tune the balance between
improvement and maintenance.

8.4. Architectural design model for SPE system

When put together the three models presented in sections 8.1, 8.2, and 8.3 form an
architectural design model for a Software Process Engineering system. This model gives
a comprehensive overview of the static elements of the process engineering domain but
does not include the relationships between the elements nor the dynamic aspects, e.g. the
life cycles of the SPE activities.

The architecture model consists of three elements, or sub-models; the Hierarchy
Model for SPE architecture, the SPE Infrastructure Model and the SPE Process Model. In
addition the model identifies two main uses or purposes for Software Process
Engineering and a set of items that influence the need to use the SPE for a particular
purpose.



103

The SPE Process Model identifies the main tasks or activities that fall within the
scope of Software Process Engineering. The SPE Infrastructure Model identifies the
structural elements that are needed to support the SPE processes and keep the system
operational. The Hierarchy Model for the SPE architecture identifies the organizational
layers where the SPE activities are carried out and thus where infrastructure must exist. A
graphical representation of the architectural model is presented in Fig. 11.

Fig. 11. An architectural design model for a Software Process Engineering system.

In the figure, the grey box represents the activity or task within the domain, in this
case the entire Software Process Engineering process. The white rectangles within the
grey box represent the SPE Process Model, identifying the main processes that are
needed for achieving the purposes of the activity. The four small arrows flanking the grey
box represent the SPE Infrastructure Model, identifying the main structural elements
needed to make the process operational.

The layering of the boxes on the top of each other represents the Hierarchy Model for
SPE architecture, identifying the four organizational levels that the SPE system must
cover in order to be comprehensive and provide added value to the company in a multi-
site environment. The two large arrows to the right and left of the set of boxes represent
the purposes for Software Process Engineering, and the set of items that determine the
need to apply the SPE for a particular purpose, respectively.

The SPE system architecture model presented above has certain advantages over the
other related models currently available. First of all, it is more comprehensive than any of
the models found from the literature. Although the elements can be found from different
models, no single model present all of them in one compact package. Second, it is the
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only model that takes a look at the processes explicitly from the SPE viewpoint and thus
is more readily usable for those who are responsible for establishing and managing an
SPE system in their organizations. Third, the model presents fundamental concepts,
rather than suggests some sort of a design for the system. This helps to get an overview of
the elements that need to be established for an SPE system and can be used as a checklist
to establish, evaluate and revise such systems. The abstraction level also help to address
the issues of scale (McFeeley 1996, 8) and to map responsibilities to the host
organization when the SPE system is being tailored from an existing implementation
model.

The eventual implementation of the entire Software Process Engineering system
depends on the organizational preferences, resources, maturity, structure, existing
functions, etc. For instance, software tool acquisition, support and maintenance is in some
companies within the realm of Information Technology support, although conceptually it
is within the scope of process asset management. When establishing the SPE system, it is
more sensible to adjust to the prevailing practice rather than force the issue for the sake of
the model. If another existing organizational entity already has the responsibility of some
SPE –related issues it is sufficient that the SPE system builds an interface to this entity
and works together with it. The objective is to ensure that all the issues are taken care of
and no overlapping or conflicting initiatives and approaches exist.



9. Establishing an architectural design model for a
Software Process Engineering organization

The original model of the Software Process Engineering organization for NMP was
created in late 1996. It is an organizational viewpoint to the SPE processes, defining the
exact roles and responsibilities that will be established to organize the SPE activities.

The original model recognizes the following main organizational entities, which have
here been grouped into three broad categories:

• Operative Organization
Ø Local SPE Organization
Ø Global Forums
Ø Global SPE Coordination Team
Ø Steering Group (SW TAG Management Board)

• Sponsors
Ø Operative Sponsor (Global SW Process Owner)
Ø Top Management Sponsors (R&D Management Board)

• External (to SPI initiative) Organizations
Ø Potential suppliers and cooperation partners (Strategic Partners).

The original model is described to more detail in sections 6.4.1 and 6.4.2. The SPE
organization model is here refined using the NMP experiences and literature input. The
model has also been generalized to make it more widely applicable and for that reason is
at somewhat higher level than the original model was. It will not, for instance, identify
specific roles of e.g. the Global SPE Coordination Team.

9.1. Operative Organization

The operative organization is the core part of the Software Process Engineering
organization, as it carries out the actual SPE activities. The basic structure for this
element, as laid down in the original organization model, was found to be valid and
operational.
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The NMP experiences are that the division between global and local roles and
responsibilities has been successful. There haven’t been any organization-related
problems in the interaction between the two levels. The local level organization focuses
on actual improvement and maintenance issues and is free to find the organizational form
that works best in the particular site. The global organization focuses on guiding and
supporting the local operative organizations and acts to keep the entire SPE system in
line, so that synergy can be achieved and all units progress towards similar objectives.

The main lesson related to the global operative organization is the need to have also
global (cross-site) SPI actions, in addition to the more informal workshops. These are
needed for improving e.g. tools that are critical for cross-site cooperation.

The main lesson related to the local operative organization is the need to extend the
SPE organization to the projects and the realization that certain responsibilities exist even
at the individual level.

The literature has several different organizational models, so it is not surprising that
the SPE Organization Model defined here does not match all of them. Most of the entities
recognized in the various models can be identified in the SPE Organization Model,
however. Furthermore the SPE Organization Model very closely resembles that of the
IDEALSM 1.0 model (Fig. 12., from McFeeley 1996, 152: figure 6-2), although there are
differences in how responsibilities have been divided between the organizational entities.

Fig. 12. The IDEALSM 1.0 model for SPE organization.

The SPE Organization Model equivalent to the Executive Council is – to some extent
– the Steering Group, although the R&D Management Board of the original NMP SPE
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organizational model is closer in composition to what the IDEAL SM 1.0 model is after.
However, unlike in IDEAL SM 1.0, its role is more that of a sponsor than that of a guide.

The Global SPE Coordination Team fulfills the responsibilities of SEPG at the global
level. It also performs in the role of a Management Steering Group for the local SPE
organizations to some extent. The local sites usually have a SEPG equivalent, but may
have different variations of it. Typically the local SEPG is lead by the Local SPI
Coordinator and has the local process owners as its members.

The Global Forums are the SPE Organization Model equivalents to the Software
Process Improvement Advisory Council (SPIAC) and the global and local SPI actions
and workshops correspond to Technical Working Groups of the IDEAL SM 1.0 model.

The Steering Group performs the Management Steering Group (MSG) duties at the
global level. For the local SPE organizations these responsibilities are shared between the
Global SPE Coordination Team and local Steering Group, which in NMP is typically a
local software technology steering group, composed of local software line and project
managers.

The organization model as presented by Zahran has two additional elements
compared to the IDEAL SM 1.0 model; the “Executive Sponsor” and the “Process
Owners”. These are recognized in the SPE Organization Model as well, but are
considered as a part of the sponsorship network, rather than operative organization, and
are not depicted in the graphical representation of the refined model (Fig. 14.). The
refined SPE Organization Model also extends down to the project and individual levels,
as recommended by Zahran.

The operative elements presented in the ISO 15504-7 include the “SPI program,” the
“SPI project,” and a “SEPG” or a “Cross-functional team” that manages the SPI program.
These entities can be found both at local and global levels in NMP. The sponsoring
elements such as “Senior Management” and “Process Owners” are discussed in section
9.3. In addition the ISO 15504-7 identifies a “Organizational Unit,” which is the target of
the process engineering activities and contains the staff that is affected by the changes.
This is basically equivalent to organizational hierarchies; i.e. the unit can be the entire
NMP, a single site, a single project or even a single individual.

The Experience Factory is clearly a local level organization model and to date none of
the sites has taken this approach. Despite this there are some similarities between the
Experience Factory and the SPE Organization Model. The recognition of the project level
in NMP has established the concept of a specialized process support to assist the projects
in deploying and operating the processes, which is something that the Experience Factory
model has. This role also includes collecting experiences and forwarding them to the
Asset Management part of the SPE organization as feedback, where they can be then
incorporated to the process assets through workshops, which again is a feature in the
Experience Factory. Despite these similarities it would not be appropriate to claim that
the SPE Organization Model matches the Experience Factory organization.

As the basic organizational layout has otherwise been found satisfying in NMP, there
is no reason to make major changes to it only to satisfy the letter of literature models – to
quote an age-old axiom “if it ain’t broke, don’t fix it”. Since the literature study does not
point out any obvious gaps in the operative organization either, it can be concluded that
the SPE Organization Model described here is eligible for Software Process Engineering
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purposes. More specifically it can be considered to be a tailored version of the IDEAL SM

1.0 organization.
The main difference between the IDEAL SM 1.0 organization model and the SPE

Organization Model is the existence of the Global SPE Coordination Team. Compared to
the Fig. 12., the Global SPE Coordination Team exists between the Executive Council
(Primary Sponsor and Steering Group) and SPIAC (the Global Forums), and is depicted
as the shaded box in Fig. 13.

Fig. 13. Mapping the Global SPE Coordination Team to the IDEALSM 1.0
organization model.

The IDEAL SM 1.0 model suggests that at the global level the SPIAC is the main
operative organization, but in the light of NMP experiences this is not necessarily
enough. The SPIAC as defined by IDEAL SM 1.0 is a vehicle for communication and
sharing experiences, and as such are close to NMP’s Global Forums. The Global SPE
Coordination Team, on the other hand, is much closer to SEPG in the sense that it plans
for future activities, coordinates the site activities, and initiates its own SPI actions. It
also handles some management activities, combining the roles of SEPG and MSG. A
mere discussion forum may not be enough to keep the global SPE system and all local
SPE systems aligned and cannot ensure a cohesive approach to SPE. For this reason a
stronger entity is required at the global level.
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9.2. Software Practitioners

This is an element which was completely absent from the original organization model,
but which is an important addition to the revised SPE Organization Model. The software
practitioners have certain operative responsibilities, but for the most part are non-
operative entities that are affected by SPE activities. Managing the relationship to this
group is vital for the SPE system, as the software practitioners ultimately decide whether
or not the processes are deployed. They are identified as a distinctive group also in
literature, e.g. in ISO 15504-7 (ISO/IEC 1998c).

9.3. Sponsorship Network

In addition to the operative organization the SPE Organization Model also identifies
entities that have less managerial and more sponsoring role in the process engineering
activities. The two such roles identified in the original model for global organization were
the Global SW Process Owner, who was the operative sponsor for the SPI program, and
the NMP R&D Management Board, with Senior Vice President of R&D as a chairman.
In addition, the local level typically has the senior software line manager as the sponsor
of the local SPE activities and this person is also typically the local owner of the entire
software process. This role is visible in the model for the local organization.

The existence and importance of the sponsors is hardly challenged by anyone. The
term ‘sponsorship’ appears frequently as a prerequisite for process improvement and all
the models in the literature recognize this group in one form or another. The literature
study shows that the models tend to perceive sponsorship as a part of the operative
organization. Zahran and ISO 15504-7 both identify sponsoring elements as a part of the
organization (roles such as “Executive Sponsor”, “Senior Management” and “Process
Owners”), while IDEAL SM 1.0 and Experience Factory point out the need for
sponsorship elsewhere in the material (e.g. McFeeley 1996, 136: “Review Sponsorship
and Commitment”, Basili & McGarry 1998, 51). The IDEAL SM 1.0 model’s “Executive
Council” can also be seen to have a partially sponsoring role (McFeeley 1996, 182-183).

Thus the main difference between the SPE Organization Model defined in this thesis
and the models that have been published earlier is that the former makes a clearer
distinction between the operative organization and the sponsorship network. In addition,
the previously published models tend to identify only the highest level sponsors, while
the model presented here makes it explicit that sponsors must exist at all organizational
levels. The NMP experiences have showed that the further removed (hierarchically) the
sponsor is the less sponsoring effect there is. Thus having a local sponsor is critical for
the SPE efforts. Furthermore identifying the sponsors as a separate entity in the model
highlights the need for establishing a strategy for building and managing the sponsorship
network.

The Sponsorship Network contains those organizational entities that represent the
ultimate customers for process engineering initiative. The agents in the sponsorship
network do not participate directly in SPE effort, but enable and sometimes monitor the
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SPE work. The network must cover all the relevant organizational levels (global-local-
project) and dimensions (e.g. project dimension vs. line dimension).

Sponsors bring the business view to the SPE, enable the operative organization to act,
and review and judge the results from the company viewpoint. They define the business
cases and strategies, which the SPE system must answer to. Enabling the SPE includes
empowerment, drive and funding, long-term commitment and building a culture that
supports SPE work. To be able to do this, the sponsors need to be in a position where
they can influence an appropriate part of the company and put the abovementioned topics
into practice.

9.4. Supplier and Cooperation Networks

The original model also recognized certain entities other than the operative and
sponsoring organization, and the software practitioners. These were the ‘Strategic
Partners’ and other (non-SPI –related) projects (refer to Fig. 6. on page 61). Since the
model directly named the actual partners, other similar entities that were not identified in
the model were treated in a piecemeal fashion. The ultimate reason was that there was no
underlying strategy on how to deal with external organizations. While this did not cause
anything major, there were minor problems and certain opportunities were lost because of
it.

The finding was thus that the model should take a broader view of such entities, in
order to ensure that they are taken into account in the strategic planning. The supplier
network and the cooperation network were considered the two most important external
groups from an SPE viewpoint.

The literature study reveals that although entities such as suppliers or other
improvement initiatives are often mentioned in the activity descriptions, they are not
included in the actual organizational models. For instance the “Solution provider”
appears in the process descriptions of the IDEALSM 1.0 model, but it is not referred to in
the organizational schema (McFeeley 1996, 108 and 167-184).

In the light of NMP experiences it is beneficial to identify such groups already in the
model itself. This helps to focus on identifying the external entities and on planning how
to manage and deal with them, as they invariably enter the play at some point of time.

9.5. Architectural design model for SPE organization

Based on the NMP case and the literature, the main organizational groups that should be
taken into account in process engineering strategies are the Operative Organization, the
Sponsorship Network, the Supplier and Cooperation network, and the Software
Practitioners. The Operative Organization is the element that carries out the SPE
activities and the Sponsorship Network is composed of the stakeholders and sponsors for
SPE throughout all the organizational levels. The Supplier network contains those
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internal and external entities that can be used as providers for e.g. improvement solutions,
training, etc., but also for support services, such as information management. The
Cooperation network includes entities that are not in a sponsorship position but have an
interest in or impact to the SPE activities. The Software Practitioners provide
measurements, are affected by the SPE work and ultimately decide whether the processes
get deployed or not.

The Software Process Engineering work is carried out in a context of an
organizational unit, which denotes different organizational hierarchies.

A graphical representation of the model is presented in Fig. 14.

Fig. 14. An architectural design model for a Software Process Engineering
organization.

The four major organizational entities are the Operative Organization (shaded
rectangle), the Supplier & Cooperation Network, and the Sponsorship Network (to the
left and right of the Operative Organization respectively), and the SW Practitioners (at
the bottom). The last element has also certain SPE responsibilities (such as entering
measurement data) and hence it is partially inside the operative organization. Likewise
the steering groups (triangles on the right-hand side) have both operative and sponsorship
characteristics. The entire SPE organization needs to span across four organizational
layers – the global, local, project, and individual – which are depicted as horizontal
dashed lines.
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The permanent elements in the Operative Organization are depicted as boxes within
the shaded rectangle, while the elements of more temporary nature are depicted as broad
arrows and cross between two (or more) organizational layers indicating a joint effort
between these layers. The direction of the arrow indicates where the results apply. The
black arrows within the Operative Organization and between the operative elements and
the Supplier & Cooperation Networks –element indicate flow of information and
services.

The Sponsorship Network –entity contains several sponsorship roles, which have
been aligned with the organizational layers. Conversely, the Supplier & Cooperation
Networks –entity and the Software Practitioners have no internal entities or roles listed,
as this element has only been identified but not explored in this study.

The architectural design model for a SPE Organization defined in this thesis takes a
broader viewpoint than the corresponding models in the literature. Where the other
models do not generally explore issues beyond the limits of the operative organization,
the SPE Organization Model presented here aims specifically to identify also those
organizational entities that have an interest to the SPE activities and grouping them
according to their relation to the SPE work itself. The model is also defined for a multi-
site SPE system and covers all organizational layers identified in the SPE system
architecture model defined earlier in this thesis.



10. Conclusions

The first part of the thesis (chapters 1, 2, and 3) described the background and defined the
research problem that was answered in this thesis. The second part (chapter 4)
summarized the previous research done on this subject and the third part documented the
case itself (chapters 5 and 6). The fourth part analyzed the case material and literature
input, in order to establish answers to the research problem (chapters 7, 8, and 9).

The research and the results presented in this thesis are based on an industry case
study of revising the process engineering approach in a multi-site organization, and on a
literature study on the subject of establishing a Software Process Engineering system.

In this final chapter the research problem is revisited, the answer is summarized, and
the added value of the results is discussed (section 10.1) together with the limits and
biases inherent with the scope of the study and the methods used (section 10.2). As a
closing remark some key topics for future research around this subject are identified
(section 10.3).

10.1. Research results and contribution

The research problem was about the architecture of an SPE system, and the study
established two architectural design models that define the answer to the problem. The
first model is a system level model, which identifies three essential elements for the
Software Process Engineering system (chapter 8). These are the SPE Process, its inputs
and purposes; the SPE Infrastructure elements required to support the operation of the
SPE process, and the organizational Hierarchies and their respective SPE scopes, which
the SPE system must establish and cover. The second model is an architectural design for
a Software Process Engineering organization (chapter 9). It identifies four main elements,
which are the Operative Organization, Sponsorship Network, the Suppliers and
Cooperative partners, and the Software Practitioners. The last two elements are only
recognized as entities without exploring their content further. For the Sponsorship
Network some suggestions of related entities at different organizational hierarchies are
provided. The operative part of the organization is presented in more detail.
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The models were established by refining the original NMP models established in the
case studied in this research, using the lessons learned from applying them in practice and
the input from the literature. As a result, the models integrate the current state-of-the-art
in Software Process Engineering system descriptions and in addition enrich those with
the NMP experiences, which point out issues that have not previously been considered.
The SPE system architecture model is a high level description of the Software Process
Engineering system and combines aspects that have not been previously unified as a
single model. The SPE Organization model in its turn expands the boundaries of a SPE
organization beyond the traditional limits (operative organization) to identify the most
important interfaces and interest groups.

Both models also capture the information in a concise form. Compared to other
models in literature, the models established in this thesis are thus more comprehensive,
easier to use and contain elements that have not been identified before. The models are
primarily intended for establishing, revising and evaluating an SPE system and as such
are tools for SPE system managers.

Beyond the actual models, it can be claimed that this study has also provided a
qualitative paradigm shift in the field of software process improvement. First, the
software process improvement literature is very method and tool oriented, which
indicates that it is now the SPI community that is in search for the mythical silver bullet –
to solve the problem of continuous improvement. In this study the claim is that there are
no silver bullets for SPI either. Process engineering must be approached, established and
managed as a complex system that is an integral part of the host organization. In addition,
the SPE work is often seen as an internal issue, or is alternatively driven by external
consultancy. Instead, it should be viewed as a joint or networked effort between the
operative organization and the suppliers and other cooperation partners, some of which
are often external consultants.

Second, the current research is clearly biased on process improvement but, as has
been pointed out in this study, the view to Software Process Engineering should be much
wider and more emphasis should be put on process maintenance. Especially because the
software industry is in bloom and forces that have an eroding effect on processes, such as
staff changes and growth, are commonplace in the software companies.

Third, the study has emphasized the importance of dealing with multi-site
environments, or single-site but multi-domain environments and has provided a set of
models for managing a multi-site SPE system, based on real-life experiences. Such
environments are increasingly common in today’s world of globalization and rapid
expansion of software business, yet most of the process improvement studies are of
single-site, single-domain cases.

Fourth, the study has pointed out that process engineering is often dealing with a
very sensitive and essential part of the host organization, i.e. the product development.
For that reason the SPE activity is essentially a risk to the host organization and requires
a disciplined process that needs to be improved continuously and systematically to
achieve higher maturity levels and better control over the quality of the SPE products.
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10.2. Limits and biases inherent in this study

This study is based on a single case and for that reason there are some concerns about the
generic applicability of the results. The second concern raises from the close involvement
of the author to the case and the fact that some of the observations are based on
subjective insights, which both inject a certain amount of bias to the study.

Although the single-case study may not be as strong for establishing models and
theories as a multiple-case study, the cultural aspects and other biases have been
countered in this research with the use of literature to find supportive evidence for the
observations. Furthermore, a multi-site environment includes several instances of local
SPE systems and this provides some degree of multiple-case evidence of the applicability
of the models, even when the primary case itself is about the multi-site SPE system in its
entirety.

Data triangulation method has been used to counter the personal bias. First, all the
material related to the case have been analyzed to get as objective picture as possible and
the material has proven to be extensive. Second, interviews have been used to get other
people’s memories and interpretations of the events. Third, the involved individuals have
been used to review the parts of this thesis that concern their activities or areas of
responsibility.

10.3. Recommendations for future research

This thesis has explored the subject of Software Process Engineering in a multi-site
environment. However, it is not by any measure an extensive or exhaustive study of this
issue and in some respect has created more new questions than answers. While the results
of this study do, for their part, increase the understanding of what is needed to sustain a
serious Software Process Engineering activity on a long-term basis, they are far from
being a complete answer to the question. There is thus considerable room for further
research on this topic.

Since the study has been based on a single case, the first issue for the future research
is to use the results as hypotheses to test them further to establish their validity.

A second research topic is to refine the models further. Although a multiple-case
(several organizations) approach is recommended, a single-case (single organization)
study can also be used. The architectural model should be studied to test its independence
from implementation and to see how comprehensive it is. One way to do this is to use the
model as a framework and map the elements from existing SPE systems back to the
model. The SPE process model should also be studied with an aim to create a proper
process model, conforming to the structure laid down in the ISO 15504 reference model.
Although the organization model presented in this thesis has expanded the view to SPE
organization when compared to other, related models, it has only gone as far as to
identify the organizational groups that are linked to operative SPE organization. The
model can thus be refined by studying the characteristics of the identified non-operative
entities.
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A third subject for the future study is to further explore the multi-site SPE issues, e.g.
by studying the specific characteristics of multi-site SPI program. One approach to this
would be to study NMP global SPI program and the Nokia corporate -level SPI program,
and compare the observations to existing SPI program models, such as IDEALSM 1.0
model and ISO 15504-7 to test their applicability for multi-site SPI programs.

A fourth subject for the future study is to revisit the NMP case from a slightly
different angle, capturing the lessons learned from the entire process of revising the SPE
approach and especially those from establishing and operating a global SPE system.

A specific item of note is the observation that current research is largely focused on
process improvement, but the NMP experiences argue that process maintenance is an
equally important purpose for the SPE system. There is a clear need to do more research
on how processes can be maintained. Thus the fifth research topic is to study this area.

In addition there is a sixth topic, which is more explorative in nature. In the light of
current literature it appears that there is actually very little cross-pollution between the
Software Process Engineering research, the research on learning organizations and
especially knowledge management. However, as the infrastructure part of the
architectural model suggests, the knowledge is a key element needed to support process
instances and hence an important part of SPE. Process improvement is actually often a
way to capture existing knowledge in the form of process assets. In the QIP model (Basili
& McGarry 1998) this has been explicitly stated, but even the recommendation of
composing process improvement task forces of the people who actually do the process
(e.g. McFeeley 1996, 176) is an intuitive way to capture their experiences. Thus a study
of applying knowledge management theories, principles and systems for process
improvement purposes is proposed here, to form a bridge between the two fields of
research.
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Appendix 1: Projects involved in changing the SPE
approach in NMP

Over the period from 1995-1998 the NMP revised its approach to Software Process
Engineering through a series of change projects and actions. The overall aim has been to
make the SPE system better suited for the environment where it has to operate.

This appendix presents those change projects that participated in implementing the
new approach to Software Process Engineering in NMP during 1995-1996, i.e. those that
are precursors to the case study presented in the thesis.

Fig. A-1. NMP timeline for Software Process Engineering system implementation.
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The Fig. A-1. presents the entire SPE system implementation timeline to show how
all these projects are linked and together form a larger change program with the objective
to improve the SPE system in NMP. To indicate the focus of this appendix, the issues that
concern latter periods have been greyed out

In the picture the vertical lines from top to bottom of the picture together with the
year figure (from 1995 to 1999) represent the timeline or time lapse. The actions related
to the evolution of the SPE system are the arrow-like boxes in the middle. The boxes are
aligned with the timeline to indicate when the actions were being executed. The arrows
going from one action box to another indicate the inheritance of project results or
established infrastructure elements from previous to next action. The projects not
discussed in this appendix are the NMP-SPI project (which is the case studied in the
thesis) and the follow-up of the NMP-SPI, called NSPI AD program (not discussed in
this thesis)

The two rectangles at the top of the picture indicate which NMP function (or division)
owned and was responsible for the SPE system at the time. During the period from 1995
to mid-1998 the software process issues were the responsibility of a Research function of
Nokia Mobile Phones, as opposed to Product Development function, where the ‘actual
work’ was being carried out. However, in late 1997 it was decided that in order to
increase the commitment to process issues the SPE system needed to be transferred to be
under the supervision and responsibility of product development function.

The two rectangles at the bottom of the picture indicate which organization was
responsible for the operative SPE management. During the period from 1995 to late 1996
the software process issues did not have a dedicated management organization, but
instead were one of the many responsibilities of the SW TAG Management Board. This
was identified as one of the root causes for the problems in process work, as SW TAG
Management Board did not have enough time and resources to effectively manage the
issue. To change the situation the NMP-SPI project implemented an organization
dedicated solely for managing the SPE issues at the global level, i.e. the Global SPE
Coordination Team.

As with change actions, the boxes in the top and bottom of the figure have been
aligned with the timeline to indicate when the transition from research to product
development and from SW TAG Management Board to Global SPE Coordination Team
occurred.

1995: SPUD -project

In 1994 the software process documentation had been moved to a new repository (a new
version management system selected for NMP software development). The migration
was used also as an opportunity to start a project that would look after the documentation
and manage the changes to it. In late 1994 the project re-categorized the documentation
to improve the navigation in the repository and also did some revisions to the
documentation, e.g. changed the cover pages that matched the new version management
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standards. In 1995 the project was continued, with the responsibility to continue
managing the documentation and especially focusing on managing changes to the
documentation.

For the 1995, the project was titled SPUD (short for Software Process UpDate), and it
was considered to be a “short term updating of the NMP SW Process Manual, its related
documents (manuals, guides/templates, checklists, etc.) and the associated Training
Materials that support NMP’s Software Development Process” (Witton 1995). The scope
of the work covered updating the documentation in order to simplify the documents,
improve readability and layout consistency, and to eliminate redundancy in the content
and references.

The issue of SPUD being short term came from the fact that in 1995 the SW TAG
Management Board also launched another project, SPIS, which aimed at establishing an
entirely new process documentation framework. Thus it was already known by then that
the SPUD work would be either partially or entirely replaced with the results of the SPIS
project.

Since the SPUD project had only one person as a resource, it was obvious that the
project itself could not do the updates and improvements to the documentation content.
Instead, the project acted as a coordination point for the change work, by collecting
change requests and identifying individuals who were skilled in the subject of the
document and thus could do the update. In addition new process documentation was
expected to be forthcoming from local SPI actions, once the new SPI policy would
become actual practice.

Once new or revised process documents were ready for release, they were reviewed
by the SPUD project to ensure consistent layout across process documentation, and to
remove possible overlaps and conflicts with existing documents. In addition to acting as a
coordination and review point, the SPUD project was charged with a responsibility to
develop software process training material and also developed a guideline that detailed
the procedure for updating the software process documentation. The project also provided
feedback and ideas for the SPIS project of how to develop the process documentation
management mechanism. (Witton 1995.)

The SPUD project continued until late 1995, when it was closed. At this time the
results of the SPIS project were shaping up and an implementation project to put them
into practice was being planned for 1996 (Jylänki 1995b).

1995: SPIS -project

In early 1995 the newly created process group of the SW TAG proposed a project to
study what was needed to support process improvement activities and to come up with
solutions for identified problems in Software Process Engineering (Kinnula 1995b, 3 and
7). The project, called SPIS (short for Software Process Improvement Support), was not
an implementation project, but a research project that focused on defining supportive
elements and solutions that would enable the new process engineering policy. Once this
project was completed, it was to be followed by actions that would implement the
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concepts created in the SPIS project. The project was a three-person effort, one person
from NMP and two from Nokia Research Centre. The author of this thesis was the NMP
representative in the project.

The focus of the SPIS project was on three key issues. First, it had the responsibility
to develop a tailorable framework for NMP software processes. Second, it was to study
what would be needed for global SPI coordination and local software process
customization. Third, the SPIS project would deliver concrete improvements that help
product development projects.

The process framework was to have a hierarchical structure, which would consist of
at least two logical layers. The higher level processes were to be common to all and they
could not be modified without a formal approval from the global process owner, i.e. SW
TAG chairman. The lower level processes were those that could be modified or
customized locally or at project level, although it was assumed that some key processes at
this hierarchy level would be crucial for cross-site cooperation and would be obligatory
globally. (Känsälä 1995.) This work also included specifying an entirely new process
documentation repository, which could accommodate both locally developed guidelines
as well as the global and common process documentation.

The first topic was, by far, the one with highest priority and interest to the SW TAG
chairman. The new process engineering policy was extremely difficult to implement
since the software process assets were owned globally and could not be modified without
the approval of SW TAG chairman. The intention of the SPIS project was to clearly state
what was the scope and limits of local SPI activity as far as process assets were
concerned. According to the then SW TAG chairman, once such a line was drawn the
R&D sites had the necessary support to start their own local SPI activities, i.e. they knew
what was in their scope and where they needed to contact SW TAG Management Board
for approvals. (Interviews.)

The second task included support for “preparing the NMP SW process improvement
(SPI) long-term program, including both the general SPI process, and the global/local SPI
support solution, and the SPI plan for 1996” (Känsälä 1995, 5). This covered e.g.
proposing an organization for managing and coordinating process work, defining
processes for process improvement, and defining how the projects would tailor their own
processes from the standard software process assets. (Känsälä 1995.)

Although important objective, this was not as vital from the SW TAG chairman’s
viewpoint as the first objective. (Interviews.)

The definition of the third task in the project plan was fairly vague, and stated only
that such activities could be “e.g. customizing selected improvement actions for specified
SW projects.” (Känsälä 1995, 4).

According to the then SW TAG chairman, this third objective was needed mainly for
political reasons. The SPIS project was clearly focusing on issues that were not expected
to bring any immediate benefits for product development projects. Indeed, the project
was actually aiming at improving the process engineering process and not software
development process and the SW TAG chairman was wary about the response to such a
project. This third objective could thus be considered a risk management action, taken to
make the project more palatable to the SW TAG Management Board and as such to
ensure that the project would get support. (Interviews.)
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Upon closing the SPIS project had delivered a description of the forthcoming
software process documentation framework and demonstrated its implementation in
Lotus Notes environment. The Framework contained both an abstract architecture and a
structure for the contents of the process library. The architecture was based on the
Activities – Agents – Artifacts –structure as proposed by Armitage, et al. (1994). All
three elements were cross-mapped so that the person accessing the process asset library
could start from an item of one element and find out which items in the two remaining
elements are linked to it. The activity hierarchy was based on the approach used in the
ISO 15504 reference model, i.e. Process Category – Process – Base Practice (ISO/IEC
1998b, 8). The solution between the global and local parts of the process was integrated
in the process hierarchy by adding a fourth level below the Base Practice. This level,
called Procedures, was the ‘how-to’ –part of the process representations, while the Base
Practice level detailed what the process was about and what were the expected results
like, using the widely known Entry Criteria – Tasks – Verification & Validation – Exit
Criteria –framework. This approach would give the local level freedom to decide how
they wanted to carry out the activity, while still retaining the compatibility of the results
across sites and thus enabling the NMP to work as a global company. (Känsälä &
Kinnula 1997, Kaltio & Kinnula 1998.)

Another important aspect of the new process documentation framework was that it
was not built around a project progress or lifecycle model. Instead it was a collection of
all software engineering activities, grouped into logical categories. The reason for this
was that it was obvious that the project types would be changing in the future, possibly
faster than the process engineering organization could keep up with. Should the
documentation be structured around current project types and lifecycles, it would soon
become obsolete or require major revisions although the activities themselves were not
necessarily changing. The new process framework is best considered as a library of
activity descriptions and the project view is built in separately by defining different
project types and lifecycles, and linking those to the process descriptions. This way the
essential part of the process documentation, the activity descriptions, are protected from
unnecessary changes even though the project types and lifecycles would be changing.
(Känsälä & Kinnula 1997.)

The content of the framework was likewise decided to be built around the ISO 15504
reference model architecture (ISO/IEC 1998b). In the end, the logical grouping of
processes is a matter of choice, rather than an absolute truth, and the project considered
that the ISO 15504 work represented the state-of-the-art in this field, both because of its
depth and its wide coverage of software engineering processes (Kinnula 1995b, 15,
Kaltio & Kinnula 1998). The structure was also tested against the NMP’s actual
processes through a series of reviews with practitioners and managers and the results
indicated that the contents of the SPICE reference model matched with the NMP software
processes. Only the structure was copied from the ISO 15504 work and it was agreed that
the actual content of each process was to be derived from NMP. This was to ensure that
the resulting documentation would indeed reflect the NMP practices. (Känsälä & Kinnula
1997.)

While the new structure provided a solution for the problem with local customization
and helped to detect and remove the overlaps and conflicts, it did not ensure that the
documentation itself would be user-friendly. To this end, the SPIS project decided to use
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the Information Mapping method (Horn 1992) developed for designing easy-to-read
technical documentation (Kaltio & Kinnula 1998).

In addition to the process documentation framework described above, the SPIS
project also created certain new process documents. Some of them, e.g. project type
definitions, SPI process definitions and tailoring guidelines, were related to process
engineering work and some were related to actual software development. (Känsälä
1996a) The latter documents were produced to meet the objectives of the third SPIS task,
which has been discussed above.

The third set of the deliverables aimed at supporting the launching of future SPI
activities. The SPIS project visited all R&D sites and interviewed the software
practitioners to find out what were the local and global improvement needs. The results
were documented and given to the SW TAG Management Board, as a recommendation
for future SPI actions (Känsälä et al. 1996). The SPIS project also proposed three specific
actions: one to implement the software metrics program which would monitor the status
of the software process, another to implement the new software process documentation
framework, and a third one to revise the SPI organization for NMP according to the
recommendations by the SPIS project (Känsälä 1996a).

Upon the completion, the SW TAG Management Board agreed that the project was
successful and launched a new project, SPIS2, to deal with both a metrics program and an
implementation of the new Process Documentation Framework. Conversely, the action to
establish a dedicated SPI organization was dropped and the results from the site
interviews were only passed on as ‘For Your Information’ since improvement was now a
local responsibility. No monitoring action was taken to see whether the findings were
ever used (Interviews). The SPIS project was formally closed in February 1996.

1996: SPIS2 –project / SWEP Implementation

The SWEP (short for SoftWare Engineering Process manual) Implementation was an
action that implemented the new software process documentation framework developed
in the SPIS project as a new process asset library with a system to manage the process
documentation. Although the action was nominally under the same project (SPIS2) with
metrics program action, these two were - in practice - independent projects (Interviews)
and for this reason are discussed separately.

The SWEP Implementation action was responsible for designing and implementing
the next generation process asset library, for restructuring the existing process
documentation to match the new framework and entering the documentation to the
library, and for establishing process definitions (what-level descriptions) for the
identified base practices. Some process areas that were not considered critical at this
point were excluded from this last task. (Jylänki 1995b, 6.)

The implementation itself occurred in four principal dimensions; technology,
organization, procedures, and skills. First, the technical implementation established two
Lotus Notes databases. The SW Process Development Database is a centralized tool for
process documentation management, including version control, different roles (access
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rights), life cycles for documentation, change request management, and so forth. It also
includes standard templates, guidelines for documenting processes, etc. The SW Process
Release Database is, on the other hand, replicated to all R&D sites and everyone in NMP
has an access to it. This database is the official software process library. The emphasis of
the release database is on user friendliness and it also provides an easy way to send in
feedback or change requests concerning the database itself, or some part of it, such as a
procedure or template. (Kaltio & Kinnula 1998.)

The tools for creating the documentation were agreed to be Lotus Notes
documentation tools, supported with Information Mapping macros. These can then be
augmented with other tools for e.g. drawing graphs and figures, etc. (Interviews.)

The second dimension is the organization to manage, improve and support the use of
the process documentation. The leader of this action was coordinating the improvements
at the global level but since the library is very large it would be impossible for one person
to manage all changes. For that reason the library contents were divided into process
areas and each area nominated a responsible person, who coordinated the specific
changes to that part of the library. In addition, the role of a local SWEP support person
was established, to train and support the local software practitioners in using the asset
library. These people were originally the members of the SWEP Implementation project,
but their role changed in the latter part of the project and they became more of a
coordination forum, managing the releases of the SWEP database. (Interviews.)

The third dimension was the practices to actually manage the process documentation,
including running the workshops, processing change requests and feedback from users,
managing the releases, and so forth. (Interviews.)

The fourth dimension was the staffing of the action team and especially providing the
members with the skills they needed. The workshops arranged by the SWEP
Implementation action to restructure the software process documentation also doubled as
training sessions for those who were to become local SWEP support people, introducing
them both to the new process documentation framework, as well as to the actual contents
of the library. (Interviews.)

In addition the SWEP Implementation revised the existing process documentation and
created new definitions as planned (Jylänki 1996).

The original plans established by the SW TAG Management Board expected only a
technical implementation, but the SWEP Implementation action manager realized that
without an organization and mechanisms to manage and improve the assets and control
the integrity of the library, the situation would soon degrade to what it had been when the
SPIS project started. Consequently, while the SWEP Implementation delivered the results
defined in the plan, it also went beyond that and established a comprehensive
infrastructure that could maintain and improve the software process documentation.
Some of the elements that were first intended to be temporary become eventually
permanent – for instance, global workshops were originally intended for only
restructuring the documentation but they soon transformed into a form of global
improvement activity, although a somewhat informal one. (Interviews.)

The SWEP Implementation project produced the first release of the new process asset
library in September 1996 (Kaltio 1997b). The project was formally ended in the end of
1996, but in practice it was merged to NMP-SPI project and continued as a permanent
part of the new Software Process Engineering infrastructure.
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1996: SPIS2 –project / NMP Software Metrics

Like SWEP Implementation, the NMP SW Metrics was officially part of the SPIS2
project, but in practice was an independent project (Interviews). It was responsible for
defining a set of process metrics and initiating a metrics program in NMP. The metrics
were to be deployed throughout the NMP in order to provide the SW TAG a visible
indicator of the status of the NMP’s software process. In later phase of the project the
objectives were aligned with the requirements from the Nokia-wide software process
improvement initiative (NSPI). The metrics were thus also to be used for reporting the
NMP software process improvement progress to the NSPI.

The project was launched in April 1996. The definition work was initially based on
recommendations from the Nokia Research Centre, which was actively preparing for the
NSPI already at that phase. Later, the work followed the NSPI proposal as closely as was
reasonable, considering that the metrics had already been approved for use in NMP
before the final NSPI proposal was approved. The project decided to use the GQM-
approach for metrics definition, as recommended by the SPIS-project (Kaltio 1995), to
improve the chances that the metrics to be collected would provide the information
needed. (Interviews.) By the third quarter 1996 the project had defined a set of five
metrics and guidelines on how to interpret them (Hynninen 1996, Hynninen 1997a,
Hynninen 1997b).

Even though NMP had had earlier attempts to utilize metrics in software, these
attempts had not been successful and thus the metrics culture was practically non-existent
and the local level was very slow to take action. There were some problems with the new
NMP SW Metrics –action as well.

First, the NSPI metrics are very process-oriented and provide little in the way of
instant feedback to the projects. Thus they are very difficult to use as a starting point for
building a measurement culture.

Second, the resources allocated to the metrics action were too few compared to the
work required for implementing a metrics program. Both local and global levels were
severely underresourced.

Third, the processes that were to provide NSPI metrics were not well defined or
standard across NMP. This made it very difficult to define what exactly should be
measured and the reliability of the data obtained was questionable.

The team leader for the NMP SW Metrics action had only 50% allocation to the work.
She was also the person with the most knowledge of metrics in the team. The other team
members, who were also the local metrics responsible persons, were allocated less than
half of their time, had many other responsibilities and limited skills in metrics issues.
This led to a situation where the team leader did most of the work and the rest of the team
acted as a discussion forum, giving comments and reviewing the results. The lack of
resources also made it impossible to develop tool support for the metrics program, which
meant that the metrics were collected manually. (Interviews.)
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The SW TAG Management Board approved the software metrics to be mandatory,
meaning that they were to be collected from each software project in NMP. In practice,
however, the board members were not always committed to back up this requirement. To
some extent because of this, once the metrics roll-out phase started in late 1996 the
metrics – although mandatory – were taken into use only in some projects. The local
metrics responsible persons had to cope with their other duties, the resistance from
software projects, and the lack of support from the management while trying to get the
projects to put the metrics into use. Combined with the common feeling that the NSPI
proposal was not the correct way to start implementing the metrics program, this severely
damaged the motivation of the metrics team and their commitment to the cause. With a
couple of exceptions, the results in R&D sites were consequently rather weak.
(Interviews.)

Aside from the metrics definitions, the NMP SW Metrics action also established an
organization and basic routines for defining, collecting and reporting metrics in NMP.
However, the lack of resources and tool support hampered the implementation of both of
these elements. (Interviews.)

The metrics program implementation was still ongoing when the NMP SW Metrics
was merged with the NMP-SPI project in the beginning of 1997. The basic work with the
metrics program continued in the same manner, although the NMP-SPI project brought
some additional support and slightly higher profile for the metrics issues as well.
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Appendix 2: NMP internal sources for the study

The material presented here lists all the NMP internal sources used in this case study.
Only NMP internal, unpublished material – including interviews – are listed in this
appendix. Published NMP material, e.g. articles by the author or his colleagues are listed
in the references and include: Jylänki 1993b, Kaltio & Kinnula 1998, Känsälä & Kinnula
1997, and Mukari 1990. The unpublished references are:

Action Items: A collection of action items from the period of 1997-1998, including Global SPE
Coordination Team actions and actions from the Global Forums.

Assessment reports: A collection of internal CMM assessment reports from 1996-1998, including
full assessments and self-assessments.

Hintikka P (1994a) SW TAG Organization. January, 1p.
Hintikka P (1994b) SW TAG Projects 1994. April, 7p.
Hynninen T (1996) NMP SW Metrics Deployment Plan 1996. Project plan. September 1996, 6p.
Hynninen T (1997a) NMP SW Metrics Report 4Q/96. Report. January 1997, 1p.
Hynninen T (1997b) NMP SW Metrics Report 1Q/97. Report. May 1997, 1p.
Interviews: A collection of notes made from interviews done for this thesis during 1998-1999. The

interviewed people are:
• Marjatta Halttu. August, 1998
• Pekka Hintikka. August, 1998
• Pekka Isomursu. August, 1998
• Timo Kaltio. August, 1998
• Teppo Jylänki. August, 1998
• Lars Behrendt, September 1998
• Pekka Lyytinen, September 1998
• Tiina Hynninen. October, 1998
• Morten Korsaa, February 1999.

Jylänki T (1993a) QMT-Plan for ’93. February, 14p.
Jylänki T (1994a) Presentation material for SW TAG board meeting in Copenhagen. October, 10p.
Jylänki T (1994b) Ideas for developing SW-TAG: Collection of the results from Brainstorming in

Copenhagen, October, 15p.
Jylänki T (1994c) SW TAG board meeting in Espoo. Presentation material, November, 5p.
Jylänki T (1995a) SW TAG Organization. Presentation material, February, 3p.
Jylänki T (1995b) SW-TAG Action Plan for 1996. Presentation Material, October 1996, 12p.
Jylänki T (1996) SW-TAG Project Focus Areas. Presentation material, July, 13p.
Kaltio T (1995) SPIS deliverable 3.2 : NMP SW Processes – Support-type micro-processes –

Definitions of Metrics-related processes. Project Deliverable, May, 20p.
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Kaltio T (1997a) Software Process Architecture and Documentation Coordination Strategy, v. 1.0.
Plan, February, 13 p.

Kaltio T (1997b) SWEP User Activity 96/9 – 97/9 – NRC. Metrics report, October, 2p.
Kinnula A (1995b) SPIS. Presentation material, June, 21p.
Kinnula A (1996a) Kickstart for the QMT-process training: Basics for making the process training

material. Training material, February, 8p.
Kinnula A (1996b) Improve. Presentation material, June, 5p.
Kinnula A (1996c) Current State Analysis. Working document, October, 4p.
Kinnula A (1996d) SW Days ’96: NSPI Workshop results. Report, October, 2p+3p.
Kinnula A (1996e) Structural Model. Working document, November, 2p.
Kinnula A (1997a) 1st Local Coordinators’ Forum. Presentation material, February, 49p.
Kinnula A (1997b) NMP SPI Strategy. Plan, April, 26p.
Kinnula A (1997c) NMP SW Process Improvement: Principles, set-up and status. Presentation

material, August, 12p.
Kinnula A (1997d) Global SPE Coordination Team Role & Job Descriptions. Process

documentation, September, 2p+6p.
Kinnula A (1997e) 2nd Local SPI Coordinators’ Forum. Presentation material, September, 9p.
Kinnula A (1998a) Process Engineering Domain. Working document, February, 2p.
Kinnula A (1998b) Global Annual Plan for NMP’s SPI program. Plan, January, 23p.
Kinnula A (1998c) SW Process Engineering Interview Results. Working document, October, 15p.
Kinnula A (1998d) Model for the revised SPI organization. Working document, November, 2p.
Korsaa M (1998) Site status – Aug 98. Report, August, 16p.
Känsälä K (1995) NMP SW Process Improvement Support. Project Plan, February, 11p.
Känsälä K (1996a) NMP SW Process Improvement Support 1995 – End Report. Report, February,

3p.
Känsälä K (1996b) SPIS deliverable 6.1 : Proposal for SW Engineering Process improvement

processes of NMP, V.1.0. Project deliverable, November, 16p.
Känsälä K, Kaltio T & Kinnula A (1996) Summary of NMP SW R&D Site Interviews. Project

deliverable, February, 10p.
Livingstone C (1994a) Global QMT Plan 1994. June, 8p.
Livingstone C (1994b) SW Process Improvement Plan. Project plan, June, 14p.
Lyytinen P (1998a) NMP Software Process Improvement – NSPI – Program. Program proposal,

August, 10p.
Lyytinen P (1998b) Quality of SW Development and SW Workproducts. Presentation material,

November, 13p.
Meetings: A collection of meeting agendas, minutes and attached presentations / hand-outs from

the period of 1997-1998, including Global SPE Coordination Team meetings, meetings of
global forums, global workshop meetings, site visit meetings, and those local meetings that
have been stored to SW Forum –database.

NMP (1996) NMP SW Strategy. Presentation material, January, 10p.
NMP (1998a) Continuous Process Improvement – CPI 7: A Method to Achieve Operational

Excellence. Nokia Mobile Phones, Quality Office, 113p.
NMP (1998b) NMP Quality Guide - QQY00021-EN. Intranet version, NMP Quality Office, April.
Personal log: Author’s personal collection of e-mails, calendar notes, travel reports, diary notes,

and memos from 1993-1998.
SPI Plans and Reports: A collection of plans and reports from the period of 1997-1998, including

Global SPI plans, Local SPI plans, Global SPE Coordination Team monthly reports and
quarterly local SPI status reports.

SW Forum Discussions: A collection of discussion messages from the period of 1997-1998,
covering all Software Process Engineering –related discussion categories in SW Forum
database.

SW Forum Projects: Project definition documents from each of the ‘project’ (category) in SW
Forum database.

SW TAG reports: A collection of SW TAG project reports from 1992-1998.
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Trebbien-Nielsen C & Junius M (1996) SEPG: Software Engineering Process Group. Presentation
material, June, 9p.

Witton R (1995) NMP SW Process Update Plan (S.P.U.D.95). Project plan, March, 30p.
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