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Software Processes and
Knowledge

An Introduction

Peter Axel Nielsen and Karlheinz Kautz

This book is a result of the Software Process and Knowledge project which took place in
Denmark in the period November 2002 until January 2006. In line with its predecessor,
the Software Process Improvement project ( January 1997 - December 1999, documented
in Mathiassen et al., 2002), the project was a co-operation of three Danish academic insti-
tutions, Aalborg University, Copenhagen Business School and the IT University Copen-
hagen and three Danish IT companies. To improve the companies’ software development
processes and practices and to further the scientific understanding and building frame-
works and theories on software development practice extensive, empirical research was
performed in all three companies.

The book goes beyond the project as it also contains theoretical reflections indepen-
dently of the three involved organizations and—as most of the researchers simultaneously
also worked in similar projects with other organizations—we included results from co-op-
erations with four other companies. Most companies wished to remain anonymous
throughout the book. We respected this wish and named these companies with pseud-
onyms such as GlobeSoft, SpaceSoft, FinancialSoft, and SmallSoft, which still express
some of their identity. For the largest co-operation partner, Systematic Software Engineer-
ing, it would not have made sense to use an alias since everyone interested in the IT busi-
ness in Denmark know about it. More details about the companies can be found in the
different chapters. Some companies appear in more than one chapter. Brief descriptions of
1



2 _________________________________________________________ Software Processes and Knowledge
the companies in which the empirical work was carried out can be found in each chapter
with the consequence that some companies are described more than once. We do not con-
sider this a disadvantage—quite the opposite. As researchers who interpret what we find
in the companies, these descriptions provide a broader view and give the reader overall a
richer picture of the respective company and its context. Each chapter also includes a com-
plete literature list for reference and further reading. This chapter design allows for  the in-
dividual chapter to be read independently. In this introductory chapter we also like to use
the opportunity to thank our co-operation partner. We hope that our joint endeavors
have been as beneficial for them as they have been for us.

This book continues one important Scandinavian tradition of IS/IT research—while
participating in what some might consider as mainstream research—we are also pursuing
alternative paths to achieve results which are both relevant for theory and practice. Scandi-
navian researchers have raised their critical voices concerning conventional software pro-
cess improvement regularly in the past. The publication Improving Software Organiza-
tions—From Principles to Practice (Mathiassen et al., 2002), which resulted from the pre-
decessor project and had a clear practitioner-orientation, has already been mentioned
above. A special issue of the Scandinavian Journal of Information Systems, Vol. 13, on
trends in the research on software process improvement was directed towards the research
community. This book combines both approaches, but has again a more academic orienta-
tion. However in the spirit of Scandinavian action research giving preference to relevance
over rigor, it also provides practice-relevant results. Thus it should also be worthwhile for
the interested practitioner.

Following this introduction the book consists of 9 chapters, each in the best academ-
ic tradition describing its underlying research method to allow for a validity test of its find-
ings and results, which are organized in 3 parts. Part I discusses central frameworks of the
book, the most prominent standard for software process improvement, the Capability
Maturity Model (CMM), the concepts of standard, processes and practices and in exten-
sion of the notion of knowledge sharing presents a framework for identifying knowledge
related improvement opportunities. More concrete knowledge-based techniques for soft-
ware process improvement built the content of part II. In a crossover chapter it includes a
framework and an approach to make sense of and negotiate different perspectives of prac-
tice and to develop joint improvement activities. Furthermore, it includes descriptions,
discussions and practical applications of a technique for knowledge mapping, of the orga-
nizational structure of knowledge networks, of an approach to design software-based tools
for knowledge sharing, and of a technique to analyze social networks as a starting point for
improvement activities. The last part of the book contains two tales based on longitudinal
research spanning time periods of 8 and 10 years, respectively. The first tale describes and
studies the role of improvisation in the adoption of software process improvement ap-
proaches and techniques and the second contains the narrative account of one case com-
pany’s journey from little maturity to the highest maturity level, level 5, in the CMM. This



____________________________________________________________________________________ 3
chapter provides closure and also demonstrates the way the involved researcher group
works as a collective. The book starts out with a conceptual chapter critically assessing and
partly rejecting the assumptions behind the most prominent improvement standard, yet
it finishes with a success story of an organization which has used the approach to its bene-
fit.

In more detail the contents of the chapters is as follows: In chapter 2 Rose, Aaen and
Nielsen provide a discussion about the widespread model for conventional software pro-
cess improvement, the Capability Maturity Model (CMM). The authors analyze the key
texts describing the CMM. They apply modern management theory and uncover eight
interrelated management and organisational assumptions underlying the standard CMM.
They put forward that these assumptions reflect management thinking in large produc-
tion and manufacturing organisations particularly in America which might not be appro-
priate for other contexts and cultures. Thus, they identify the circumstances under which
the model might provide the appropriate approach to software process improvement
(SPI), but their critical assessment also identifies the conditions under which the CMM is
most likely not to be appropriate. The analysis is based on an extensive literature review of
existing SPI literature by Hansen, Rose and Tjørnehøj (2004); further considerations on
this topic by members of the research team can be found in Ngwenyama and Nielsen
(2003) and Aaen (2003).

In chapter 3 Müller, Nielsen and Nørbjerg argue that three important terms, namely
standards, processes and practices are regularly confused in the literature. Consequently,
understanding and implementing the different approaches which are discussed in the lit-
erature is difficult. They propose a simple framework based on a few distinctions: the dis-
tinction between software development practice on the one hand and defined and de-
scribed software process on the other hand as well as the distinction between a company’s
defined processes and standards. The framework is applied in the analysis of three SPI
projects, where it helps to resolve some of the conceptual mayhem. This shows that the
framework might also support practitioners when planning and putting SPI standards
and processes into practice. Aaen and Pries-Heje (2004) also discuss the challenges
around standardizing software processes.

Chapter 4 deals with another term which has recently been related to SPI, namely
knowledge management. Kautz and Kjærgaard focus in this chapter on knowledge shar-
ing as a vital part of knowledge management. They introduce a theoretical framework
which focuses on the relationship between knowledge, learning, communication and par-
ticipation in action, and the role of social interaction and technical media in the knowl-
edge sharing process. Drawing on an empirical study of knowledge sharing in a software
development company, they discuss how knowledge sharing between the software devel-
opers unfolds and what hinders and supports knowledge sharing in software develop-
ment. Although this chapter not explicitly relates to software process improvement the
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identification of obstacles in the knowledge sharing process obviously provides opportuni-
ties for improvement. 

In chapter 5 Kjærgaard, Kautz and Nielsen at the intersection of frameworks and
techniques take the view that knowledge management is an ongoing sense making process
in which realities are constructed and negotiated. They use this perspective to explore in
one company how software developers and project managers make sense of the process of
managing projects, and how this influences their perception of what should be included in
a shared project management handbook as one sensible initiative to improve software de-
velopment practice. The same authors have also applied the framework to understand the
establishment of knowledge management as part of a more general scheme to improve
practice in technology development firms (Kjærgaard and Kautz 2008).

A specific technique is presented in chapter 6. Kautz and Hansen describe a know-
ledge mapping technique to identifying and investigate how knowledge flows through or-
ganizations. They have assessed the technique’s applicability in a pilot experiment in Sys-
tematic Software Engineering. The experiment tested and evaluated one possible way how
the technique can be used to analyze an organization’s knowledge sharing capabilities, as
well as how it can point to opportunities for improvement and thus how it can support
knowledge management based software process improvement. Pries-Heje (2004) has also
developed a mapping technique; his technique focuses on the management of knowledge
in IT projects while they are performed.

In chapter 7 Hosbond and Nielsen describes a case of software process improvement
in which knowledge is shared through small knowledge tools. These tools are evaluated as
prototypes and the consequences of their use are discussed.

Chapter 8 presents another technique to analyse communication and knowledge
sharing in particular in small development organizations as a prerequisite for software pro-
cess improvement. Software process improvement in such organisations is often problem-
atic and standard-based approaches seem to overlook the particular problems of these or-
ganisations. In these companies the existing and non-existing social networks of the devel-
opers and managers often play a significant role. Nielsen and Tjørnehøj report from a case
study where they have mapped social networks to understand a small organisation’s inter-
nal, informal as well as formal communication and knowledge sharing. They show how
social network mapping can be done and how the maps can be used to further software
process improvement. Nielsen and Ngwenyama, (2002) and Nørbjerg and Ngwenyama
(2005) provide additional insights on the role of social networks for software process im-
provement.

In the context of software process improvement in small software development orga-
nizations in Tjørnehøj and Mathiassen in chapter 9 tell a company’s tale covering a ten
year’s period. With particular emphasis on knowledge creation, the authors investigate the
role of improvisation, which is promoted as a means to overcome time pressure and lack of
knowledge in rapidly changing environments.  The company’s experience suggests that
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improvisation offers a great potential for innovation during SPI  adoption in small soft-
ware firms. The company’s experiences suggest that managers can facilitate SPI adoption
by sparking and leveraging improvisations through appropriate leadership. Kautz and
Nielsen (2004) provide further experiences concerning the implementation of SPI inno-
vations in organization.

In the last chapter of the book, chapter 10, Pries-Heje, Nørbjerg, Aaen and Elisberg
report the story of Systematic Software Engineering covering the company's journey from
CMM level 1 to the highest level of the standard, namely level 5. The authors use a simple
organizational change model—unfreeze-move-freeze—as a theoretical lens to structure
their tale. They provide the company's experiences over an 8 years period between 1997-
2006 based on comprehensive documentation, meeting minutes, action research in the
organization, as well as individual and group interviews. The tale contains describes the
setting when the change process started, what were the promoters and barriers in chang-
ing the organization were, and what other companies can learn from this experience. 

The book has been edited by two of the authors, Peter Axel Nielsen and Karlheinz
Kautz, with the technical support from Annette Moss Nielsen and assisted by Johanna
Vogel who provided help concerning the English language and proof reading. We would
like to thank everyone involved in the completion of the book. 
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2

Managerial and Organizational
Assumptions in the CMMs

Jeremy Rose, Ivan Aaen and Peter Axel Nielsen

1 Introduction
Software development is both an important activity for developed countries’ economic
progress, and a complex, problematic and occasionally spectacularly, unsuccessful one.
Software projects have a reputation for being late and over budget, and the resultant soft-
ware often provokes complaints from purchasers and users. The organisations that com-
mission and eventually pay for software naturally try to seek contractual guarantees that
they will get a product with which they are happy; accordingly, software firms look for
ways to reliably deliver outcomes that will satisfy their customers. However, increases in
the complexity of the tasks facing software developers match various contributing devel-
opments in the fields that support software development, such as programming, mathe-
matical and algorithmic support from computer scientists, technique and automation
help from software engineers, and method support from information systems specialists.
An important parallel development in the practice and literature of software develop-
ment has been the emergence of support for the management of the software develop-
ment task in the form of software process improvement (SPI). This literature has resulted
in a variety of approaches for improving the organisation and management of software
projects, including the BOOTSTRAP methodology (Kuvaja and Bicego 1994, p. 195;
Kuvaja et al. 1994), TAPISTRY (a software process improvement approach tailored for
small enterprises) (Kuvaja et al. 1999), SPICE (Software Process Improvement and Capa-
bility dEtermination), the Industrialized Software Organisation or Japanese Software



10 _____________________________________ Managerial and Organizational Assumptions in the CMMs
Factory Approach (Matsumoto 1981; Matsumoto 1987), the Application of Metrics in
Industry (AMI) (Pulford et al. 1992), the Generic Software Factory or the Eureka Soft-
ware Factory project (ESF) (Fernström 1991; Weber 1997) and the Experience Factory
(Basili and Caldiera 1995; Basili et al. 1994). 

Although many of these approaches share common characteristics, one SPI ap-
proach—the Capability Maturity Model (CMM) from the Software Engineering Insti-
tute (SEI) at Carnegie Mellon University—has tended to dominate both the debate and
practice (Hansen et al. 2004). Many CMM improvement projects have been initiated in
software organizations, resulting in so many reports of these projects, that the approach
has achieved the status of the classic software improvement approach. Although CMM
projects are numerous and widespread, it is difficult to find consistent and convincing ob-
jective research evidence that they are, in fact, successful in delivering better software;
there are also a number of acknowledged problems reported with them. 

We will argue that these problems stem from underlying assumptions, particularly
management assumptions, in the approach. All practice techniques are dependent on sets
of assumptions which are seldom articulated in the texts that describe them. These as-
sumptions may concern the nature of software, software projects, organisation, manage-
ment, learning, change, as well as underlying assumptions about science and technology
and philosophical assumptions such as a particular ontology and epistemology. CMM,
like other practice techniques, contains an interlinking series of assumptions, which we
here (borrowing an appropriate technology metaphor) refer to as its assumption platform.
Understanding CMM’s assumption platform can help in the understanding of the
strengths and weaknesses of the approach, and in determining for which circumstances it
is appropriate. 

In this chapter we investigate the platform of assumptions that underlie CMM and
its more recent extension and replacement CMMI (Capability Maturity Model Integrat-
ed). We use the acronym CMM henceforth to cover both the original model and its devel-
opments and extensions. The investigation is based on the literature study reported in
(Hansen et al. 2004). We analyze central texts describing CMM (mostly stemming from
SEI) and derive eight interlocking assumptions characterizing these writings. We show
that this assumption platform has roots (which the authors also acknowledge) in a partic-
ular tradition of management thinking. This tradition stems from Frederick Taylor’s sci-
entific management, and has other branches in method studies and the more recent busi-
ness process re-engineering movement. The interlocking assumptions form a powerful
web of ideas that are characteristic of a particular form of organization and management
in the late industrial age. Although these ideas have a long history of success, they have pri-
marily been associated with large manufacturing industries—that is, production in the
factory. We show that most of the reported problems with CMM can be attributed to
mis-matches between the assumption platform and the many different types of software
organization that are characteristic of the modern software industry, few of which resem-
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ble a late twentieth century industrial manufacturing plant. We question whether
CMM’s assumptions are universally appropriate, or are suited to changing characteristics
in the software market such as globalization, the rise of the internet and rapid technology
change. 

2 Research Process
The research process contains two components: 

1. Identification and textual analysis of key CMM sources.

2. Analysis of reported problems with, and critique of, CMM.

Key CMM sources include the documentation available at the web site of the Software
Engineering Institute, and the relevant writings of Watts Humphrey (Humphrey 1989;
Humphrey 1992a; Humphrey et al. 1999; Humphrey 1988; Humphrey 1992b; Hum-
phrey 1995; Humphrey 1998; Humphrey et al. 1991) and his colleague researchers, par-
ticularly Paulk (Paulk 1995; Paulk 1996; Paulk et al. 1993a; Paulk et al. 1995; Paulk et al.
1993b). Textual analysis takes the form of grounded analysis of the sources and identifica-
tion of implicit or explicit management assumptions common to the central sources. As-
sumptions are illustrated with typifying quotations.

The second part of the analysis involves articles relating to CMM which have been
identified as descriptive or reflective in (Hansen et al. 2004). Many of the descriptive arti-
cles relate the case experiences of CMM implementations, including CMM situations ex-
perienced by practitioners as problematic. Reflective articles often involve a summary of
experience or a theory-based critique of CMM. Although the general tone of this litera-
ture is positive (it is mainly written by SEI researchers and practitioners involved in
CMM projects), various types of problems emerge as typical. Problem analysis summariz-
es the various kinds of difficulties and relates them to the underlying assumptions of
CMM.

3 CMM: Assumption platform
In this section we set out to analyse the platform of assumptions which underlie the
CMM approach, as documented in its core source texts.

CMM is formally defined as “a description of stages through which software organi-
zations evolve as they define, implement, measure, control and improve their software
process” (Paulk et al. 1995). The development of the model was based on Watts Hum-
phrey’s characterization of the software process (Humphrey 1988). The SEI worked with
industry and government for four years to develop CMM before publishing it (Paulk et
al. 1993a), and it is still evolving, partly in response to feedback from the practitioners us-
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ing it. The CMM principle has also been extended to other areas (Konrad et al. 1996), in-
cluding: the Software Acquisition CMM, System engineering CMM, Integrated Product
Management CMM, and People CMM. In 1997 the proliferation of models led to an ef-
fort to integrate them into CMM Integrated (CMMI) (Ahern et al. 2001; Reifer 2002)

Humphrey’s understanding of management acknowledges a debt to Taylor’s account
of scientific management, and its lineage can be traced through the time and motion and
work method studies culminating in the 50’s and 60’s, the American quality movement of
the 70’s and 80’s, and the business process re-engineering movement in the 80’s and 90’s. 

“First-class people are essential, but they need the support of an orderly process to do
first-class work,” argues Humphrey (1989, p. ix) (quoting Taylor): “In the past the man
was first; in the future the system must be first.” Taylor’s thinking or Taylorism separates
thinking from doing in the work system, and allots the responsibility for thinking to man-
agers (work system designers and controllers) and the responsibility for doing (executing
the work system) to workers. Humphrey adopts two principles from Scientific Manage-
ment:

“The scientific selection, training and development of workers instead of al-
lowing them to choose their own tasks and train themselves as best they
could.”

“The development of a spirit of hearty cooperation between workers and
management to ensure that work would be carried out in accordance with sci-
entifically devised procedures.” (Humphrey 1989)

4 Process Orientation
Process orientation is a natural consequence of Taylor’s thinking in that work processes
form the work system that must be scientifically established. In addressing classic prob-
lems in the development of software (hitting the deadline, holding the budget and deliver-
ing software quality), Humphrey focuses first on predictability though process:

“We should first consider the characteristics of a truly effective software pro-
cess. Fundamentally, it must be predictable. That is, cost estimates and sched-
ule commitments must be met with reasonable consistency, and the resulting
products should generally meet users' functional and quality expectations.”
(Humphrey 1989, p. 3)

If the organisational processes are right, argues Humphrey, the product will be timely,
cost-effective, and meet user requirements. Although Humphrey’s law of “mature process-
es and personal discipline enhance planning, increase productivity, and reduce errors,” En-
dres and Rombach (2003, p. 195)) stress both of Taylor’s original principles, and that the
process orientation of CMMI has become the more dominant characteristic. 
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4.1 Hierarchical Management: Planning, monitoring, control
To the process orientation is added a generous dose of management control:

“The outlines of a general solution are clear:

1. Apply systematic project management—the work must be estimated,
planned, and managed.

2. Adhere to careful change control—changes must be controlled, including
requirements, design, implementation, and tests.

3. Utilize independent software assurance—an independent technical means
is required to assure that all essential project activities are properly per-
formed.” (Humphrey 1989, p. 64)

“A ‘managed process’ is a performed process that is planned and executed in
accordance with policy; employs skilled people having adequate resources to
produce controlled outputs; involves relevant stakeholders; is monitored,
controlled, and reviewed; and is evaluated for adherence to its process descrip-
tion.” (CMMI 2002, pp. 42-43)

To Humphrey, SPI targets a generic process that can be modelled, controlled, measured,
and improved. Improvements will only stick if reinforced by careful introduction com-
bined with periodical monitoring: 

“The actions of even the best-intentioned professionals must be tracked, re-
viewed, and checked, or process deviations will occur. If there is no system to
identify deviations and to reinforce the defined process, small digressions will
accumulate and degrade it beyond recognition.” (Humphrey 1989, p. 22)

4.2 Externally Imposed Generic Process Models
Although CMM is principally focused on achieving discipline in organisational process, it
is not irrelevant which processes are adopted. An underlying (and highly traditional) soft-
ware engineering model of software development was incorporated in the original CMM,
and other process models underpin other parts of CMM. Thus, the process areas for the
engineering part of CMM are: requirements development, requirements management,
technical solutions, product integration, verification, and validation (CMMI 2002). Sim-
ilar generic process models for other disciplines, such as project management and support,
underpin other parts of CMM.

4.3 Documentation, Standardization and Institutionalization
In the CMM approach it is not enough for a software organization to have effective proc-
esses. Processes must be defined (documented) so that they can later be monitored and
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improved. Nor is it enough that the processes are documented, they must be standard
across the whole organization—that is, institutionalized—so that the work of the organi-
zation is routinely carried out according to the defined processes.

“An organization’s set of standard processes contains the definitions of the
processes that guide all activities in an organization. These process descrip-
tions cover the fundamental process elements (and their relationships to each
other) that must be incorporated into the defined processes that are imple-
mented in projects across the organization. A standard process enables consis-
tent development and maintenance activities across the organization and is es-
sential for long-term stability and improvement.” (CMMI 2002, p. 42)

“Not only must a policy be formulated, but it also must be documented and it
must be used throughout the organization.” (CMMI 2002, p. 36)

“A managed process is institutionalized” (CMMI 2002, p. 43)

It is not enough that processes are institutionalized, but adherence must also be moni-
tored and non-compliance addressed.

“People not directly responsible for managing or performing the activities of
the process typically evaluate adherence. In many cases, adherence is evaluated
by people within the organization, but external to the process or project, or by
people external to the organization. As a result, credible assurance of adher-
ence can be provided even during times when the process is under stress (e.g.,
when the effort is behind schedule or over budget)” (CMMI 2002, p. 58)

The Ad Hoc (Immature) Organization The Mature Organization

Software processes are generally impro-
vised during the course of the project.

Software processes are defined and communicated
to both existing and new employees.

Even if software processes have been spec-
ified, they are not rigorously followed.

Work activities are carried out according to the
planned process.

The organization is reactionary and the
managers are fire fighters.

Roles and responsibilities are clear throughout the
project and across the organization.

Schedules and budgets are not based on re-
alistic estimates and are routinely exceed-
ed.

Schedules and budgets are based on historical per-
formance and are realistic.

Product functionality and quality are often
compromised to meet hard deadlines.

Expected results for cost, schedule, functionality
and quality of the product are usually achieved.

Table 1: Characterization of immature and mature software organizations (Paulk et al. 1993a)
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4.4 Organizational Progression to Maturity
In CMM, organizational development is characterized as a progression from immaturity
to maturity. Immaturity is characterised as a state of near chaos where ad-hoc processes are
improvised—the concept here has a clear negative connotation—by developers resulting
in haphazard and inadequate outcomes, whereas maturity is characterised by process dis-
cipline (table 1). 

Organizations achieve maturity by learning process discipline through management
improvement initiatives, either through the traditional stages (levels 1-5):

“To achieve lasting results from process improvement efforts, it is necessary to
design an evolutionary path that increases an organization’s software process
maturity in stages. The software process maturity framework … orders these
stages so that improvements at each stage provide the foundation on which to
build improvements undertaken at the next stage.” (Paulk et al. 1993a, p. 22)

or continually: “As a software organization matures, costs decrease, development time be-
comes shorter, and productivity and quality increase” (Paulk et al. 1993a, p. 41).

4.5 Objective Measurement, External Verification and Certification
Software quality assurance involves two further principles which are developed further in
CMM: the use of measurement in the pursuit of scientific objectivity in process control,
and the establishment of an external monitoring and certification body based at SEI.

“In a mature organization, managers monitor the quality of the software
products and customer satisfaction. There is an objective, quantitative basis
for judging product quality and analyzing problems with the product and
process.” (Paulk et al. 1993a, p. 19)

Measurement is thus incorporated into process thinking, and used for management’s eval-
uation and target setting. Processes are brought ‘under statistical control’ (Humphrey et
al. 1999). However, a further important use of measurement is in maturity assessment.
Here an organisation’s process maturity is measured against external standards to assess its
maturity level, and to monitor its progress. External process maturity standards are deter-
mined by the SEI at Carnegie Mellon University, who thus verify software firms’ level of
maturity, providing certification. Certification acts as a measure of maturity progress and
incentive for the organization, and as a badge of competence for software purchasers and
commissioners (often large government organisations). 
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4.6 Goal-Directed Change through Rational Analysis and Learning
Institutionalization of the generic process in the building of software, plus measurement
of outcomes and feedback to process designers, will facilitate: rational analysis of the or-
ganisations’ processes, identification of sub-optimal process and process improvement.
Learning is embedded in improved organisational processes. As better processes are docu-
mented and their implementation enforced, the organisations’ practice improves:

“At Level 5, new and improved ways of building the software are continually
tried, in a controlled manner, to improve productivity and quality. Disciplined
change is a way of life as inefficient or defect-prone activities are identified and
replaced or revised.” (Paulk et al. 1993a, p. 38)

4.7 Management-Sponsored Improvement Initiative
The software process improvement initiative is sponsored by management, and embodies
the principles discussed above. Thus, the improvement initiative is also process oriented,
controlled by management, documented and standardized. It is also defined by: 1) the lev-
el of process maturity, 2) the level to which it implements (but not explicitly) a traditional
software engineering development model, and 3) the level in which it is measured and ex-
ternally verified.

5 The CMMI Assumption Platform 
The assumption platform for CMMI is summarized in table 2.

CMMI extends the application area of the original CMM model without changing
the underlying assumptions. The strength of the assumption platform is the logical syner-
gy of the components and their internal ability to reinforce each other—internal consis-
tency. Thus, in the industrial model, a process gives management something to control,
which then can be rationally analyzed with the help of measurements that form the basis
for optimization which, in turn, gives maturity. In addition, the platform mirrors a set of
powerful assumptions common in some types of production and service industries in the
late industrial age. Process orientation is known to give effective quality control, for exam-
ple, in companies that build for airlines. These assumptions can be attractive to software
managers with an engineering background who see themselves as leaders (they envision
and enact improvements) and also to those responsible for large investments in software
(certification can be viewed as a process quality guarantee).
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Assumption Description

Process orientation What is important about a software organisation is the way the
work is organised (a process). Good (mature) software organi-
sations have defined and repeatable processes which govern
the way that they work (their capability) and lead to success. 

Hierarchical management: 
planning, monitoring, control

Management has the responsibility for process standardiza-
tion, learning and improvement. Software developers should
execute the organization’s processes according to the standard-
ized models and descriptions.

Externally imposed generic 
process models

Software processes leading to effective software development
are well understood and share generic features which can be
externally documented. These generic process models are suit-
able for implementation in all software organisations.

Documentation, standardiza-
tion and institutionalization

Good software organizations not only have standardized and
documented processes, but those processes are institutional-
ized; that is, carried out throughout the organization. Software
projects are therefore conducted in a similar fashion according
to pre-defined process models.

Organizational progression to 
maturity

Software organisation improvement is understood as the
movement from immaturity (undefined processes) to maturity
(standardized and institutionalized processes) through a series
of management led change initiatives.

Objective measurement, exter-
nal verification and certification

The extent of process standardization and institutionalization
can be measured, and the measurements used to achieve: (1)
better standardization, (2) enforcement of processes, and (3)
process learning leading to process improvement. Measure-
ment represents objective knowledge about software process-
es, and maturity can be externally certified.

Goal-directed change through 
rational analysis and learning

Organizational learning is achieved by the rational analysis
and optimization of processes which sets the goals for organi-
zational development and change.

Management-sponsored im-
provement initiative

Software process improvement initiatives follow the princi-
ples outlined above: defined and documented externally im-
posed process, management-led, focused on maturity, objec-
tively measured, analysis-oriented. Thus, the CMM model is
an extensive, externally imposed process plan.

Table 2: The industrial model: CMM’s assumption platform
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The analysis of CMM’s assumption platform in this chapter reflects the thinking of
its creators: every implementation project is likely to adapt the framework to the needs
and requirements of the individual situations in the light of that situation’s particular cul-
tural conditions and traditions. Thus, CMM projects are likely to be different, and also
with respect to the extent to which they adopt the underlying assumptions. Organisations
operating under entirely different management assumptions are unlikely to find the ap-
proach attractive, but may be forced to adopt it as a condition of entrance to particular
markets (for instance the American defence software market). However, the assumptions
are a self-reinforcing package, difficulty buying into one or other of the assumptions is
likely to weaken the effectiveness of the total package. For instance, the rhetoric of man-
agement command and control is unpopular in Scandinavia, but there is little point in us-
ing a great deal of resources to specify and describe processes if their use is not later en-
forced.

Although CMM’s industrial model assumption platform represents a powerful syn-
ergy, it tends to exclude many other kinds of management improvement approaches
which are based on incompatible or contradictory assumptions. Within the school of ap-
proaches promoted by the SEI and the literature on software process improvement, there
can be found many subsidiary ideas and approaches which are not obviously compatible
with these central assumptions, and are correspondingly less developed, less adopted and
less discussed. Examples are: personal discipline, people CMM, commitment, empower-
ment, improvisation, and community of practice.

The following section is concerned with problem analysis, especially in relation to the
assumptions of industrial model software process improvement.

6 Problem Analysis: CMM and the industrial model
Our problem analysis is grounded in the existing CMM literature. At the heart of the per-
ception that CMM is a qualified success is the observation that it has its own embedded
culture. CMM (and its assumption platform) echoes the culture of large American soft-
ware organizations (Paulish 1993; Sakamoto et al. 1996; Siakas and Georgiadou 2002).
More specifically, it reflects the dominant ethos of large American production companies
in the late industrial age. Evidence for this assertion can be found, for example, in the
many documented problems with adapting classical SPI to smaller organisations (Brod-
man and Johnson 1994; Kelly and Culleton 1999; Larsen and Kautz 1997; Richardson
2002; Villalon et al. 2002; Ward et al. 2001). Furthermore, it is far from obvious that this
industry model can easily be transferred to the development of software. Software devel-
opment is not manufacturing: for instance, it rarely involves the mass production of iden-
tical copies of a small range of products (say an automobile). It could better be compared
to new product development. Software developers are not production workers, but rather
highly skilled (and extremely well-paid) knowledge workers. Software also differs from an
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industrial product in that its cost is almost entirely focused in its development and main-
tenance; the cost of producing the second copy is negligible. 

6.1 Process Orientation
The chief criticism of process orientation is not a critique of ‘process’ itself, but rather a
critique of what is ignored when process becomes the dominant focus of an organisation.
CMM reveres process but ignores people (Bach 1994): “a fool with a process is still a fool”
(Messnarz and Tully 1999). Neither does CMM focus on underlying organizational
problems that should be solved (Bach 1995). Furthermore, CMM effectively ignores
quality in the software product (Trienekens et al. 2001; van Solingen et al. 1999), assum-
ing an unproven generic link between quality in the process and quality in the resulting
product. If the process is good, goes the assumption, then the eventual product will also be
good. However, differing project and organizational circumstances may mean that a proc-
ess that delivers a good product in one context may deliver a poor product in another con-
text (van Solingen et al. 2000). CMM is also criticized for its lack of business orientation
(Messnarz and Tully 1999), its poor awareness of organizational context (Nielsen and
Nørbjerg 2001), and for ignoring technical and organizational infrastructures (Wang and
Bryant 2002). Furthermore, SPI encourages an internal efficiency focus and thus market
and competition blindness (Rifkin 2002). Managing a company by focusing on internal
efficiency is like driving a car by looking at the instrument panel instead of the road
ahead.

6.2 Hierarchical Management: Planning, monitoring, control
According to Jakobsen (1998), CMM is heavily associated with command and control hi-
erarchal management and power structures. This assumes a top-down, centralized man-
agement style, and the traditional separation of thinking (i.e., managers) and doing (i.e.,
workers) (Aaen and Pries-Heje 2004). In organizational culture the CMM adheres to the
hierarchical and rational types (Ngwenyama and Nielsen 2003). Control of the organisa-
tion rests in the hands of managers, where externally defined processes become proxies for
control. In addition, CMM is distrustful of personal mastery, individualism and heroism
(Bach 1994; Bach 1995). The organisation is envisaged as a machine bureaucracy (Mintz-
berg 1983). Hierarchical management has the disadvantage of discouraging personal initi-
ative, commitment and individual responsibility since the principal responsibility of the
worker is to follow the bureaucracy’s rules (here expressed as processes). Individual initia-
tives (perhaps in regard to special circumstances) are regarded as non-compliance and
punished. Bottom up improvement that is rooted in experience is (inadvertently) dis-
couraged, as are non-stereotypical solutions to customized problems and appropriate (but
non-compliant) reactions to changing external circumstances. 
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6.3 Externally Imposed Generic Process
Behind the external imposition of generic process models lies the assumption that, at some
level, the development of software implies some basic processes which are universal to all
software projects and firms, and that these can be described and optimized (the ‘industry
best practice’ concept). These become a ‘blueprint’ (Aaen 2003) for the firm’s own proc-
esses and improvement. The idea of ‘canned’ (one size fits all) processes is ridiculed by
CMM critics (Bach 1994; Weinberg 1992-97). The chief characteristic of software
projects is their diversity, and there is no silver bullet (Brooks 1987). Diverse project con-
ditions require different processes (Deck 2001).

6.4 Documentation, Standardization and Institutionalization
According to Bach (1994), CMM reveres the institutionalization of process for its own
sake. Standardization reduces the ability of the organisation to cope with change and di-
versity, whereas institutionalization of processes makes an organisation static. It takes a
long time and much effort to achieve the enforcement of standard procedures and, ac-
cordingly, an equally long time to change them. The documentation is easily changed, but
this is not likely to produce any change in institutionalized behaviour. This is, according
to Bach, a fundamental misunderstanding of the nature of dynamism in organizations.
Static processes fail to reflect environmental change (Ward et al. 2001), and certain types
of software development (innovative and total solutions) may thus be impeded (Rifkin
2002).

Documentation and standardization of processes require a great deal of resources,
however, not nearly to the extent that enforcing them institution wide would require, not-
withstanding the subsequent learning about them and resulting changes. Most small soft-
ware organisations sensibly choose not to bother. Some formalization and standardization
helps the comparison of projects and quality control, but learning can often be achieved
by more efficient means, such as the mutual engagement of developers across different
projects, and knowledge and experience sharing. Lack of process formalization does not
necessarily imply poor processes—the alternative assumption is that process understand-
ing is shared through practice in a less formal manner, such as master/apprentice relation-
ships, organizational story-telling, best practice accounts and practice communities. Pro-
cess focus is here balanced with other software improvement concerns.

6.5 Organizational Progression to Maturity
The maturity concept is based on a popular concept of the growth and development of or-
ganisations as a life-cycle, where small organisations progress to be larger organizations
and eventually come to dominate their industry sectors. The analogy with nature is some-
what dubious and lacking in empirical and theoretical justification. Maturity functions
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best as an inspirational metaphor in CMM, something to aspire to, an incentive and a
goal to be reached. Otherwise, it can only really be described as a state of organizational
management (rooted in American late industrial norms) which Humphrey and his col-
leagues assume is desirable, in contrast to another managerial situation (immaturity)
which they find much less acceptable. Maturity in this context can only really refer to
process maturity, and the implicit value judgment (mature=good, immature=bad) is arbi-
trary. 

Equally arbitrary is the assignment of particular process maturity characteristics to
levels (stages of process maturity) (Bach 1994) which leads to so many problems in opera-
tion (Bollinger and McGowan 1991; Emam and Madhavji 1995) that an alternative
(continuous) form of the CMM model is provided, thus removing the stage model design.
A further problem with uncritical acceptance of the maturity metaphor is goal displace-
ment: other valuable goals (software product quality, competence development, market
position, technical excellence, improved salesmanship, innovation) are replaced by the
more concrete, but arguably less valuable goal of achieving the next CMM level (Bach
1994). If maturity is a valuable organizational asset, then it should produce measurable or-
ganizational benefits, but there is little convincing evidence of this (Hansen et al. 2004),
despite a concerted SEI effort to demonstrate it (Brodman and Johnson 1996). 

6.6 Objective Measurement, External Verification and Certification
Measurement can be an effective way of learning, for example, in a large organisation with
large numbers of independent software projects, but the assumption that measurement is
by nature objective is obviously incorrect. All measurement programs have inherent diffi-
culties: in assigning indicators to phenomena (particular intangible phenomena), in es-
tablishing the relative importance and weighting of measurements, and in interpreting
the meaning of the resulting metrics. These problems are reflected in studies of the quan-
titative evaluation of process improvement (Henry et al. 1995). The addition of external
certification adds a further complication because the association of numerical scores with
process maturity factors (in order to determine, for example, what ‘level’ the organisation
is at) adds both a further arbitrary element and a political dimension. 

A CMM assessment may serve as an effective tool for the selling of consultancy ser-
vices “you may think you know something about building software but look—you’re level
1—what are you going to do about that?”; however, it is less clear whether it serves as an
effective research vehicle for assessing process quality in software organisations, let alone
wider aspects of the management of software firms. Organizational actors quickly learn
how to report good metrics (Wohlwend and Rosenbaum 1994), and later how to manip-
ulate them to their own political ends (Frederiksen and Rose 2003). Organisations learn
how to satisfice (to look good at the tests without really doing much) in order to achieve
the badge which certifies that they are competent. Software procurers use the certificate as
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a mark of competence where a detailed knowledge of the supplier market would be a more
reliable indicator. 

Furthermore, metrics have an inherent steering effect in an organisation; employees
concentrate on the activities that they are measured in, but to the detriment of other activ-
ities, and in more sophisticated managerial uses of metrics concentrate on this effect (e.g.,
Basili 1992), rather than metrics as a basis for rational analysis. In addition, measures of
the CMM type are hard to map to organizational problems (Niessink and van Vliet
2001), and hard to align to organizational and marketing strategies (Rifkin 2001).

6.7 Goal-Directed Change through Rational Analysis and Learning
A rational analysis of historical data is mapping the past to predict the future. This is, of
course, important but assumes stable conditions as well as project equivalence (one project
looks much like another). Software development is characterized by rapid technological
change and project diversity. Managing by these principles is equivalent to steering a car by
looking into the rear view mirror. Difficulties in assuming that one project predicts the
next are reported by Jørgensen and Sjøberg (2001). In addition, managers often do not act
according to the results of rational analysis, but rather use it to justify decisions that they
make on other (often political) grounds. CMM assumes rationality in change and ignores
politics (Nielsen and Nørbjerg 2001). Moreover organizational learning (beyond the indi-
vidual or group level) in SPI can be low or absent (Conradi and Dingsoyr 2000; van Solin-
gen et al. 2000). Schneider (2002) investigates difficulties incorporating experience-based
learning in SPI.

6.8 Management-Sponsored Improvement Initiative
CMM’s blueprint for improvement resembles its underlying assumptions about how a
software organisation should be managed—externally imposed, process oriented, manage-
ment- and consultant-led, focused on maturity, objectively measured, and analysis-orient-
ed. Jakobsen (1998) discusses the merits of bottom up process improvement, in contrast
to CMM’s top down approach. The scale and complexity of effective organizational
change are often underestimated in software improvement projects (Sweeney and Bustard
1997). Externally imposed and management led initiatives do little for employee commit-
ment, and have difficulty adjusting to internal organizational conditions and to on-going
environmental change. They make little use of local learning and experience, and can cre-
ate employee resistance where they are imposed on already pressurized workers. Casting
an improvement program as an initiative can undermine continual improvement efforts
made by self-directed software developers, by reinforcing management command and
control through process management.
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7 Discussion: The trouble with CMM
The best-documented instances of CMM success relate to large American suppliers of
software for the defence industry (Hansen et al. 2004). One interesting research hypothe-
sis to explore is that CMM is more successful where the assumption platform evident in
the approach that matches the software organisation’s underlying assumptions. CMM
might be expected to be successful in organisations that are, or aspire to be: process orient-
ed, hierarchical, based on traditional software engineering models, heavily standardized,
large and established, measurement oriented, rational, goal directed and used to top-down
change—that is, late industrial age production type organisations. CMM might be ex-
pected to be correspondingly less successful in organisations with other types of culture,
tradition and aspirations. Software organisations with very different expectations may ex-
pect correspondingly more difficulty with the approach. If we summarize some of the or-
ganizational and managerial assumptions for modern software organisations that are not
especially compatible with the industrial model, we could include:

• Organizational orientation: people orientation, organizational competence orienta-
tion, knowledge orientation, product orientation, contingency or problem-solving
orientation, community orientation, technology orientation, innovation orientation.

• Management style: management as facilitation, inspiration, example, teaching, prob-
lem solving, culture development, self-organisation, virtual organisation.

• Underlying software development models: experience based models, theory based
models, local problem solving, bricolage and improvisation.

• Communication style: informal knowledge sharing, community and culture rein-
forcement, reinforcement of informal communication, shared repertoire, shared
myths and stories, competence transfer.

• Organisational strategy focus: adaptation of organization to market position, multi-
dimensional (balanced) improvement, technological profiling, innovation leadership.

• Organisational evaluation style: description, story-telling, individual self-motivation,
professional rivalry, subjective expert assessment, certification by consistent reputa-
tion, membership of a community.

• Organisational change style: technology-driven change, change management, organi-
sational development, entrepreneurship, continuous change, bottom-up improve-
ment.

Moreover, many of these alternative assumptions are reasonable responses to the condi-
tions and trends of software development in developed countries, such as: 
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• Rapid technology development: along with consequent rapid re-skilling.

• Ηighly educated mobile workforces, as well as highly paid.

• Ubiquitous computing: wide variety of software and programming demands through
all sectors of society, all industry sectors, many types of conventional and embedded
software.

• Outsourcing of non-core competence work: including basic programming work.

• Globalisation: global software organisations serving many cultural contexts, leaving
many niche software markets.

• Software organisation diversity: many types of software organisation serving many
varied market demands.

The trouble with CMM could therefore be defined as its adoption of an historical indus-
trial production management model that is poorly adapted to match the conditions or the
diversity of modern software development. 

8 Conclusions
In this paper we have analysed the textual sources on which CMM is based, and have spec-
ified the organisational and managerial assumptions which underpin it. The assumptions
(process orientation, hierarchical management: planning, monitoring, control, externally
imposed generic process models, documentation, standardization and institutionaliza-
tion, organizational progression to maturity, objective measurement, external verification
and certification, goal-directed change through rational analysis and learning, manage-
ment-sponsored improvement initiative) form an interlocking platform for the improve-
ment of the management of software firms. We have characterized this platform as typical
of certain forms of large industrial production companies in the late industrial age, with
their roots in the management theories of Frederick Taylor. 

CMM can and has been adopted and used in a variety of cultural situations and orga-
nization types, but has also generated different kinds of problems and difficulties. We
have summarized the problems reported in the literature, and have made the generalized
observation that they are characteristic of applying an approach with a particular manage-
ment philosophy in organisations that only partly share that philosophy. We have argued
further that conditions and trends in modern software development necessitate a diversity
of organisational forms and management styles. It therefore follows that CMM is far from
a generally applicable improvement approach, and should instead be carefully targeted at
certain types of software organisation which share, or at least can tolerate, its underlying
philosophy. Moreover, CMM’s historically focused management philosophy is likely to



References___________________________________________________________________________ 25
make it increasingly inappropriate for developed societies in the information age; thus,
further research into alternative kinds of help for improving more modern types of organ-
isation is needed and long overdue.
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Standards, Processes and Practice

Sune Dueholm Müller, Peter Axel Nielsen and Jacob Nørbjerg

1 Introduction
Several well-known frameworks, such as the CMM (Paulk et al. 1993), the CMMI (CM-
MI-Product-Team 2002) or Bootstrap (Haase et al. 1994), as well as standards, such as the
ISO-9000 family, the SPICE model, or the European Space Agency’s standards, play cru-
cial roles in software process improvement (SPI). These frameworks and standards all
stipulate that a software producing organization should define, document, introduce, en-
force, and continuously develop internal standards and processes for project management,
software engineering, quality control and quality improvement to increase its maturity
level. The concept of an organization’s standard software process has been challenged
since the ideas of SPI were first introduced. It has been argued that the development of
quality software relies on good people, first and foremost (Bach 1995). It has further been
argued that the CMM’s perspective on processes relies on a replication of steps known
from mass production (see chapter 2), but is unfit for the software design process where
neither the end result nor the steps to achieve it can be known beforehand (Bollinger and
McGowan 1991). A recent study found that process standardization in combination with
systematic measurement and control may jeopardize a software organization’s innovative
capability (Pries-Heje and Aaen 2004). 

On the other hand, proponents of capability maturity models, such as SW-CMM
and CMMI, advocate that standard processes should not be seen as an end in itself, but
rather as means. Professional software developers will need to interpret, modify, add to,
and improvise around the standard processes to achieve the organizations’ goals (Curtis
1998). Our view after reading the vast literature on SPI is that part of this disagreement
29
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rests on concepts and is largely part due to a lack of clarity about these concepts and how
they are applied.

This chapter recognizes this lack of clarity and agreement in the SPI literature on
what a standard is, what a process is, what a model is, and what a standard process is. To
rectify this, we propose a simple framework in which it is possible to model the relation-
ship between external standards, internal processes, and practice. 

Let us explain what we mean by a lack of clarity and agreement in the SPI literature.
First, there is hardly any distinction made between process and practice. In their critique
of CMM, Bollinger and McGowan (1991) seem to identify processes with practice, while
Curtis (1998) addresses the difference between process and practice. We suggest that it is
necessary to exercise a clear distinction between process and practice. 

Second, major parts of the SPI literature make a distinction between a process and a
standard process. It is a core idea in process models that a software organization should
have a standard process which can be adapted to become a specific process (Humphrey
1990; Paulk et al. 1993; CMMI Product Team 2002). Both Bollinger and McGowan
(1991) and  Pries-Heje and Aaen (2004) argue against standardization which means, in ef-
fect, that they argue against a standard process. We suggest that both non-standard pro-
cess and standard process are two possible properties of process.

Third, there is confusion about what a standard is and what a process is. In SPI a stan-
dard is often implicitly taken to be a standard process, but it then becomes difficult to dis-
tinguish (standard) process from the generally accepted models developed by standardiza-
tion agencies like International Standard Organization (ISO) or by the Software Engi-
neering Institute (SEI). These models are publicly available and are used as benchmarks
against which to evaluate an organization’s (standard) process. For example, the ISO’s
9000-family of standards addresses quality management systems, while SEI's CMMI ad-
dtresses maturity of (standard) processes. We suggest that a standard is distinctly different
from a process. We further suggest that a standard and a maturity model are two ways of
formulating external requirements for internal processes.

This chapter is organized as follows. The following section explains how we define
the three core concepts of standard, process, and practice and their relationships in a
framework. Section 3 provides three cases where we apply the framework and in section 4
we use the framework to explore and highlight the different ways in which standards, pro-
cesses, and practice are influenced by each other in the three cases. This section also dem-
onstrates the usefulness of the framework in making sense of otherwise poorly understood
relationships. The final section provides a summary and conclusions regarding the necessi-
ty of such a framework in SPI research and practice.
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2 The Framework
It depends on the context what a standard is taken to be. An agricultural standard of or-
ganic products is obviously not the same as a software engineering standard. Consequent-
ly, different definitions of a standard abound. Various attempts at abstract and all-em-
bracing definitions have been made. For example, the IEEE Standards Association's
website defines ‘standard’:

“A standard is a published document that sets out specifications and proce-
dures designed to ensure that a material, product, method, or service meets its
purpose and consistently performs to its intended use.” (IEEE, 1998) 

In the same vein, the International Organization for Standardization describes a standard
as:

“A document, established by consensus and approved by a recognized body,
that provides, for common and repeated use, rules, guidelines or characteris-
tics for activities or their results, aimed at the achievement of the optimum de-
gree of order in a given context” 

Common to these two similar definitions is an emphasis on requirements to be imposed
on either behavior or the outcome of production. The underlying rationale behind any
standard is that by conforming to certain requirements, some desired outcome will ensue,
e.g., homogeneity and uniformity of a process or a product. The benefits of such conform-
ity include repeatability, predictability and quality. Consequently, standards can be

Figure 1: Conceptual model
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viewed as a vehicle for disseminating expert knowledge or even best practice in respect to
attaining some desirable end ( Jacobsson 2000). It also follows from the two definitions
that standards are public, open, and external to any software producing organization.

On an even more abstract level standards “constitute rules about what those who
adopt them should do, even if this only involves saying something or designating some-
thing in a particular way” (Brunsson and Jacobsson 2000, p. 4). Or simply put: “A stan-
dard is a guide for behavior and for judging behavior” (Abbott and Duncan 2001, p. 345).

In this chapter we limit ourselves to a discussion of a subset of standards, namely pro-
cess standards (as opposed to product standards). Furthermore, the focus here will be on
standards for software engineering and software development. A process standard pro-
vides directions for action and, as a minimum, specifies requirements that work practice
must adhere to in order to be compliant with a particular standard (Brunsson and Jacobs-
son 2000, p. 4). Therefore, a standard can be anything from a set of process requirements
to a process description detailing how to perform an activity. An example of the latter is
the IEEE Standard for Software Reviews that can be used as a model for code inspections
(IEEE 1998). An example of the former is the CMMI-SE/SW that spells out minimum
requirements to software development and software engineering within different process
areas and at different so-called maturity and capability levels (CMMI-Product-Team
2002).

Although defining the concept of standard is important, it is just as important to ex-
plicate and be aware of how standards relate not only to practice but also to software pro-
cesses. Software processes are internal to the software producing organization, even
though they may very well relate to the external standards. We are close to Humphrey
when we understand a software process as “the set of tools, methods, and practices we use
to produce a software product” (Humphrey 1990). We deviate slightly, however, when we
argue that a process cannot contain a practice—process and practice remain distinctly dif-
ferent. What Humphrey means in his definitions is probably not practice as we are using it
here; it is very likely that he means described experience and knowledge of how to perform
a particular task. A software process can be described at several levels of detail, including a
very detailed level. Irrespective of the level of detail, the concept of process in our context
always means a process description. 

A process is a description, which implies that a process is somehow explicated or doc-
umented. A process is distinctly different from practice. Practice is the actual unfolding of
work over time within the organization as it is performed by individuals and by collectives
of individuals. A shared practice or a common practice among a group of software profes-
sionals depends on a community-of-practice and should not be confused with a process.

In this chapter we illustrate how standards relate to software processes and how soft-
ware processes relate to practice with figure 1. The external standards may influence the
internal software processes which, in turn, may influence the practice. It is important to
notice that there is no direct causal relationship, e.g., it would be wrong to expect that a
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software process can be enacted leading to a particular practice. In fact, most of the criti-
cism raised against maturity models (i.e., a standard) is that they assume processes to be
mapped directly into practice. There is ample evidence that a process may or may not in-
fluence practice depending on many issues and aspects of software development (Bansler
and Bødker 1993; Madsen et al. 2006; Kautz et al. 2007) and the influence  may take
many different shapes and forms.

As an example, a company choosing to utilize CMMI (a standard) may look at it and
decide to describe several processes at level 2. The requirements for level 2 in CMMI stip-
ulate several, but not all elements of the process when the company formulates it. The
processes, in turn, may not initially lead to any changed practice, but if current practice is
then compared to the descriptions in the processes there may be some areas where practice
does not fulfill the expectations in the process. This may (or may not) gradually lead prac-
titioners to change their practice, but most likely it will take more deliberate actions to
make them change their practice. 

It is also worth noting that current practice may influence a company’s processes if,
for example, it is decided that the practice is better than what is described in the processes.
Further, the processes in several companies may be used to influence the external stan-
dards if the owner of the standard becomes convinced that the processes are better than
what the standard requires.

The framework thus consists of the two distinctions combined with the influences
that link the external standards to the internal processes and further influence the prac-
tice. The other way around, the practice may influence the internal processes, and internal
processes or practices may influence the external standard.

3 The Three Cases
We apply the framework as a lens to analyze  three cases. For each case we identify what
standards, the processes, practices and the influences are.

3.1 Case One: GlobeSoft
GlobeSoft is a large Danish software development company offering mission critical solu-
tions to a global market. The company spans many different industries and application ar-
eas, including space systems, radar systems, and defense and aerospace applications. The
company comprises 5 business units and different staff functions, managing and support-
ing a broad project-based portfolio. Even though the business units have considerable lati-
tude in selecting, planning and executing software development projects, all employees are
expected to comply with the requirements of the GlobeSoft Management System (abbre-
viated GMS). The GMS consists of the company's software development process descrip-
tions. The declared purpose of the GMS is to facilitate consistent execution of the estab-
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lished management strategies and policies in a technically, as well as economically, optimal
way.

In 2004 GlobeSoft initiated a both ambitious and company-wide process improve-
ment effort. In part, due to market pressure and sales opportunities in the U.S., the CM-
MI framework was chosen as the maturity model for software process improvement. The
process improvement project's long-term goal was to reach CMMI Level 3. The company
chose to rely on internal assessments of process value and adherence.

The first goal was to reach CMMI Level 2. This first stage was planned as a two-stage
project: (1) ensuring that the gap between existing internal process descriptions in the
GMS and the CMMI was determined and discrepancies were reconciled; (2) executing an
organization-wide implementation strategy based on the GMS. Seven process area teams
(PAT), corresponding to the seven process areas at CMMI Level 2, were given the task of
updating and supplementing core company policies and procedures as needed. During the
implementation the newly improved processes in the GMS were deployed in 2 steps. First,
processes were used in selected projects from different business units yielding valuable
feedback about the further need for process editing. Second, when apparent obstacles had
been removed and when all critical issues had been addressed, the new processes were im-
plemented widely in the company.

GlobeSoft's management considered reliable measurement to be a key ingredient in
their effective management of the process improvement project. Therefore, different mea-
surement techniques and tools were used to ascertain compliance with the GMS’s process-
es (i.e., the newly defined or updated standard processes).

Figure 2: GlobeSoft case
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Figure 2 shows the three conceptual levels of the standards, processes, and practices and
the types of influences in GlobeSoft’s SPI project. The SE-CMMI model has been chosen
as the external standard against which all internal processes and practices are to be evaluat-
ed. The GMS contains the company-wide software processes. The software development
practice unfolds at the level of projects. Interpreting and adapting the model requirements
of CMMI Level 2 compliant processes to the organizational constraints and business
needs of GlobeSoft have shaped the GMS. These processes were implemented as GMS
policies, procedures or instructions depending upon their application domain and level of
detail. The influence from the external CMMI standard on the internal processes in the
GMS is illustrated in figure 2 by the ‘guides the formulation of ’ arrow. At the project lev-
el, project-specific processes are instances of the processes in the GMS, adapted to the
unique circumstances of the specific project. These project-specific processes then inform
the actual practice in the project. The influence from the GMS to practice is illustrated by
the ‘regulates and informs’ arrow.

Because the influence between: (1) CMMI and the GMS and (2) between the GMS
and practice is open to many interpretations, it was decided in GlobeSoft to supplement
the open interpretations with systematic measurements. A measurement strategy that met
management’s information needs was implemented. The purpose of the measurement
strategy was to evaluate compliance between processes and practice. The compliance be-
tween internal processes in the GMS and the external standard CMMI was assessed by
the PATs assisted by external consultants. The compliance between the GMS and the
projects’ practices was assessed by audits where systematic evaluations of work products
were performed. 

Using a questionnaire tool called Electronic-Based Assessment Tool (EBAT) to
measure a project’s degree of compliance with CMMI Level 2, GlobeSoft assessed the
compliance between the external CMMI model and the projects’ practices. Thus, the dif-
ferent types of measurements addressed the various risks associated with interpretation of
standards and processes. This measurement strategy explains the remaining two influence
arrows in figure 2. First, the work product audits providing feedback to the GMS when
inoperable processes were identified (illustrated by the ‘informs through reporting’ ar-
row). Second, the EBAT assessments have an educational purpose to influence practice by
creating awareness among project managers about best practice as suggested by the CM-
MI.

3.2 Case Two: SpaceSoft
SpaceSoft is a Danish company that produces software and systems solutions for the Eu-
ropean Space Agency (ESA). The products include on-board software and hardware as
well as simulation and testing environments for systems and software from other contrac-
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tors. The company does not contract directly with ESA but works as a sub-contractor for
other (mostly larger) European companies in the space industry.

SpaceSoft’s SPI project began in early 2003 and was staffed (part time) with a group
of project managers. Researchers had regular meetings with this group, discussing project
progress, giving presentations, and conducting workshops and interviews. The CEO of
the company was also present at the meetings with the researchers.

SpaceSoft’s market puts high demands on the quality of the delivered products, and
as a subcontractor to ESA, the company's software processes and products must comply
with the standards described in various ESA documents. It was, therefore, more important
for SpaceSoft’s SPI project to ensure continued compliance with ESA standards, than to
reach a specific maturity level as described in, e.g., CMMI or Bootstrap. Hence, a complete
maturity assessment of the company's software processes was not performed. Instead, a se-
ries of meetings and workshops during the first half of 2003 were dedicated to assess the
compliance between software processes and practices and ESA’s standards, and from that
assessment to prioritize improvement areas. The assessment showed that SpaceSoft more
or less referred to the ESA standards as their process framework, and that SpaceSoft had
very few locally described processes. Most project managers and software developers had,
however, too limited knowledge of the content of the ESA standards and software engi-
neering; further, project management practices varied considerably across projects. This
resulted in rework, delays, and little exchange of ideas and good practices between
projects.

With that background, the SPI project decided to produce handbooks (see chapter
5) for various development project roles, e.g., project managers, software engineers, and
quality managers. The first version of each handbook should describe responsibilities and
activities for a particular role as well as possible processes, tools, and techniques. The pro-
cess descriptions should be sufficiently rigorous or detailed to comply with ESA standards,
but not more.

A training program for each role in combination with on-going self-assessments and
experience sharing among developers and project managers was designed to stimulate con-
tinuous improvement, reduce variations in practices across projects, as well as contribute
to the on-going development of the handbooks. The initiative was furthermore expected
to improve the software professionals’ knowledge of the ESA standards and their impact
on SpaceSoft’s software processes.

The SPI project first addressed the project management role, and the production of a
project manager handbook commenced. The first version of the handbook: (1) described
the responsibilities of a project manager, activities needed to fulfill the responsibilities, the
purpose, input and output of activities, and (2) provided links to further material in the
ESA standards in a common repository. For each activity, the handbook also listed rele-
vant ESA requirements and local (SpaceSoft) interpretations of these requirements. The
section on project planning recommended, for example, that project managers do not pro-
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duce functional breakdowns of projects as specified in the ESA standards, but rather doc-
ument functionality through use case diagrams (PM Handbook, draft 1. September 2004,
p. 3; further elaborated in v. 3; October 2004). Similarly, the handbook recommended use
of spreadsheets for work breakdown structures and estimation instead of the tool recom-
mended by ESA.

Interestingly, two perceptions of the purpose of the handbook emerged. On the one
hand, project managers and developers in the SPI project group intended to use the hand-
book to create an improvement cycle, where the handbook would increase project manag-
ers' awareness of their responsibilities and stimulate ongoing dialogue and debate towards
changing practice as well as the handbook itself. The CEO, on the other hand, saw the
handbook as a guide for practice; i.e., a detailed process to be followed as closely as possi-
ble in practice. 

Thus, the following conceptual elements and influences are found in SpaceSoft (see
figure 3). The ESA standard regulates the process description in the handbook. The
handbook then informs or guides practice, depending on the perception of the hand-
book's purpose. Finally, experience from practice feeds back into the formulation of the
internal processes in the handbook. 

3.3 Case Three: FinancialSoft
FinancialSoft is the IT department of a large bank. At the time of our analysis Financial-
Soft employed more than 2000 developers and project managers in several locations. Fi-

Figure 3: SpaceSoft case
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nancialSoft had more than 150 project managers, some very experienced, but most had lit-
tle experience in this management role. A number of problems had occurred in recent
time that made it apparent that project management had to be improved. Examples in-
clude: it was difficult to find experienced project managers for risky and critical develop-
ment projects, there were project overruns of more than 200% for even very small projects,
and many project managers were unaware of best practice in project management. To
remedy this state of affairs, two improvement efforts were launched in parallel: a project
manager education and the FinancialSoft Project Management (PM) processes, in Finan-
cialSoft’s own jargon misleadingly called Standard. The focus here is on the Financial-
Soft’s PM processes.

Some argued that if all project managers had a ‘common’ practice, then all problems would
be solved. Others argued that this would be an ideal situation never to be achieved, and
they were altogether quite pessimistic about improving project management practices.
The chosen approach came from the idea that it does not matter in what manner project
managers practice, as long as they meet certain ‘standards,’ in the sense of levels of qulaity.
Thus, rather than adhering to a norm, the idea in FinancialSoft was to think of a ‘standard’
as a bar to pass, i.e., to be above the bar, or set a benchmark against which to measure spe-
cific project management practices. Although it was called the FinancialSoft PM Stand-
ard, it was in effect a set of 10 processes described in an overall manner with a strong focus
on process goals; a proper name would have been the FinancialSoft PM Process. 

Figure 4: FinancialSoft case
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The SW-CMM 1.1, Level 2 served as the external standard, but it was argued that Fi-
nancialSoft had additional needs and maybe even better processes than SW-CMM. It was
thus decided to develop FinancialSoft’s own processes for good project management.
During a 2-day seminar with very experienced project managers the draft of the Financial-
Soft PM Processes was formulated. The first day was spent on going through the key pro-
cess areas in SW-CMM Level 2 in detail and picking up the necessary and useful con-
cepts, best practices, and values. In this way inspiration was sought in SW-CMM. The
other major influence on the FinancialSoft PM Processes came directly from practice
through the experienced project managers. The FinancialSoft PM Processes in the end
had the same six areas as level 2 of the SW-CMM but, in addition, there were four other
areas, e.g., covering the project manager’s responsibility for business development in the
bank. Each of the ten areas was described in one page. The way in which these ten process-
es were described did not differ from other internal processes in other software organiza-
tions. 

The FinancialSoft PM Processes influenced practice directly in two ways (see figure
4). First, management talked about it at seminars, and all project managers were told to
read it, understand it, and practice it in ways that would ensure passing the bar. Second, a
tool for self-assessing project management practices was developed. The tool would, in
less than a hundred questions, show a project manager in which areas his or her practice
did not live up to the described process.

4 Analysis and Discussion
The three cases show very different uses of standards and processes. In particular the three
cases show different influences taking place between the framework's three conceptual el-
ements. Table 1 summarises the framework's elements and influences for the three cases.
The three cases map onto the framework in different ways. That means not only that the
standards in the three cases are different, but they have also been chosen for different rea-
sons. For GlobeSoft, the primary purpose was to become certified at CMMI Level 3,
hence CMMI was chosen as the external standard. For SpaceSoft, the primary purpose
was to demonstrate and document compliance with ESA’s standards. For FinancialSoft,
the primary purpose was to learn from the knowledge embedded in SW-CMM in the de-
velopment of an internal benchmark. Hence, in all cases the purposes were varied and dif-
ferent standards were chosen; accordingly, what was then chosen as processes and what
was described varied in the three cases. However, in all three cases the simplicity of the
framework helped us in making sense of what was external, what was taken to be a process
and which practice it related to. 
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Not only was the meaning ascribed to 'standard' and 'process'  different in the three
cases, the influences between the three levels of the framework were also different. This is
illustrates the contribution of the framework in several ways. First, the three levels in the
framework allow us to identify and attribute meaning to the influences. If we did not dis-
tinguish between process and practice, we would not be able to see the influences from
process to practice, and back again. Second, the infls from the external standard to the in-
ternal processes depend largely on the primary purpose for bringing in the external stan-
dard. The difference between: (1) ‘guides’ in the GlobeSoft and SpaceSoft cases and (2)
‘informs’ in the FinancialSoft case demonstrates this difference. Third, the character of
the influences from internal processes to practice shows how managers and developers in
each of the cases view the difference between process and practice. In SpaceSoft some saw
processes as step-wise procedures for practice, while others saw the processes as just a very
abstract description that would never capture the complexities of the managers’ and devel-
opers’ competence. Fourth, the character of the influences from practice to internal pro-
cesses is important to identify in order to assess whether there is a proper feedback mecha-
nism in place. The feedback mechanisms in the three cases vary from a very rigorous ap-

GlobeSoft Case SpaceSoft Case FinancialSoft Case

Standard SE-CMMI ESA standards SW-CMM

Processes GlobeSoft Management
System (GMS)

PM Handbook FinancialSoft PM Pro-
cess

Practice Software development in
projects

Project manage-
ment

Project management

Standard → processes Guides the formulation of
processes

Guides the for-
mulation of pro-
cesses

Informs the formula-
tion of processes

Standard → practice Informs through measure-
ment

- -

Processes → practice (1) Regulates practice
(2) Informs practice

(1) Informs
(2) Guides in de-
tail

(1) Sets a benchmark
(2) Increases awareness
through self-assess-
ment

Practice → processes Informs the formulation of
processes through report-
ing

Leads to modifi-
cation of pro-
cesses

Informs process formu-
lation based on experi-
ence

Table 1: A comparison of the standards, processes, practices and influences
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proach in GlobeSoft to a very loose and informal one in SpaceSoft. Fifth, whether there is
an influence directly from the external standard to the practice (as in the GlobeSoft case)
shows whether there is a compliant and sophisticated measurement mechanism in place.
For SpaceSoft, it is not as important that practice strictly adheres to the ESA standards, as
long as the  processes are compliant; the allowed variety between the ESA standards and
the current practices is simply greater.

5 Conclusion
The framework introduced in this chapter has contributed to a richer understanding of
(1) processes, standards and practice on a conceptual level and (2) the contextual relation-
ship between these concepts. Through the analysis of three cases we show how processes
and standards influence practice in different ways, depending on how they are interpreted
and used by actors situated in varying organizational contexts.

The framework and the analysis contribute to research and value and impact of stan-
dards in software development and SPI by demonstrating that what is taken to be a stan-
dard and processes is situational, and that therefore all utilizations of standards and pro-
cesses (and their implications) should be analyzed in a concrete context. We therefore
suggest that further research into the value and implications of standards and processes in
SPI must take the specific interpretations of, and relationships between, standards, pro-
cesses, and practices into account.

Using the framework in the study of SPI projects can furthermore lead to a better
understanding of alternative approaches to process description, as well as how processes
and practice can influence each other, and thus, helps practitioners choose between alter-
native strategies in SPI.

References
Abbott, K. W. and S. Duncan (2001). International ‘Standards’ and International Governance.

Journal of European Public Policy, 8(3): 345-370.
Bach, J. (1995). Enough about Process: What we need are heroes. IEEE Software, 12(3): 96-98.
Bansler, J. P. and K. Bødker (1993). A Reappraisal of Structured Analysis: Design in an organiza-

tional context. ACM Transactions on Information Systems, 11(2): 165-193.
Bollinger, T. B. and C. McGowan (1991). A Critical Look at Software Capability Evaluations.

IEEE Software, 8(4): 25-41.
Brunsson, N. and B. Jacobsson (2000). The Contemporary Expansion of Standardization. In: A

world of standards. N. Brunsson and B. Jacobsson, editors. Oxford University Press, New
York.



42 _________________________________________________________ Standards, Processes and Practice
CMM Produc Team (2002). Capability Maturity Model Integration (CMMI), version 1.1.
CMMI for Software Engineering. Staged Representation. Pittsburgh, PA, Software Engi-
neering Institute.

Curtis, B. (1998). Which Comes First, the Organization or Its Processes? IEEE Software, 15(6):
10-13.

Haase, V., R. Messnarz, et al. (1994). Bootstrap: Fine-Tuning Process Assessment. IEEE Soft-
ware, 11(4): 25-35.

Humphrey, W. S. (1990). Managing the Software Process. Reading, MA, AFinancialSoftison-
Wesley.

IEEE (1998). IEEE Standard for Software Reviews.IEEE Std 1028-1997.
Jacobsson, B. (2000). Standardization and Expert Knowledge. In: A World of Standards. N.

Brunsson and B. Jacobsson, editors. Oxford University Press, New York.
Kautz, K., S. Madsen and J. Nørbjerg (2007). Persistent Problems and Practices in Information

Systems Development. Information Systems Journal, 17(3): 217-239.
Madsen, S., K. Kautz and R. Vidgen (2006). A Framework for Understanding How a Unique

and Local IS Development Method Emerges in Practice. European Journal of Information
Systems, 15: 225-238.

Paulk, M. C., B. Curtis, et al. (1993). Capability Maturity Model for Software, v. 1.1. Pitssburgh,
PA, Software Engineering Institute, Carnegie Mellon University.

Pries-Heje, J. and I. Aaen (2004). Standardising Software Processes: An obstacle for innovation.
In: IFIP WG 8.6 Conference. Leixlip, Ireland, Springer.



4

Knowledge Sharing in Software
Development

Karlheinz Kautz and Annemette Kjærgaard

1 Introduction
Knowledge management plays a vital role in many professional activities, and software de-
velopment is no exception here (Kautz & Thaysen 2001). The knowledge management
literature is extensive, but the discussion on how to manage knowledge in organisations
continues, and new proposals as well as lessons learned are frequently suggested. However,
the published literature, especially in the information systems field, is largely grounded in
a view that considers knowledge as an objective commodity which can be collected, repre-
sented symbolically and processed like information (Dahlbom & Mathiassen 1993; Tsou-
kas 1998). The literature consequently shows a certain preoccupation with information
technology (IT) and technical solutions, while it reflects a limited view of individual and
organisational knowledge-related processes (Swan et al. 1999). The practice of knowledge
management is too often reduced to the implementation of new IT-based systems, and
important organisational aspects, in particular human and social issues, are overlooked. 

While studying knowledge management in a Danish software development compa-
ny, the work presented in this chapter takes these issues into account. Our focus is on the
process of knowledge sharing as an important part of knowledge management. Our inves-
tigation is driven by the following questions: How does knowledge sharing in software de-
velopment unfold in practice? What hinders and what helps knowledge sharing in this
context? Our interest is primarily in the role of people in the knowledge sharing process,
but we do also pay attention to how people use technology to share knowledge.
43



44 ________________________________________________Knowledge Sharing in Software Development
The chapter is structured as follows. The next section introduces the key concepts
which inform our understanding of knowledge sharing. Section 3 presents our research
approach and methods. Our empirical findings are described in section 4 and discussed in
section 5. The final section presents our conclusions and the challenges for future re-
search.

2 Theoretical Background
We understand knowledge sharing as a bilateral process in which knowledge is exchanged
between individuals and groups (Comas & Sieber 2001). Knowledge is the outcome of a
complex process, a part of which is the gathering and processing of information. This has
been described by Kolb (1984) as a learning process. Learning is significant for the attain-
ment of knowledge, and thus also for the sharing of knowledge. Information communicat-
ed among people through a shared language, body language and actions (Fiske 1990;
Nielsen 1994), as well as through participation in action and practice, builds the founda-
tion for learning (Wenger 1998). This happens through social interaction and in some
cases with the aid of technical media (Thompson & Walsham 2001). Communication
and participation in action are thus also significant for the sharing of knowledge. Knowl-
edge, learning, communication and participation in action and their relationship are the
pillars of our theoretical framework and are therefore discussed in more detail. 

2.1 Knowledge
The definitions of knowledge presented in the literature differ in scope and orientation,
but they agree that knowledge is a complex multifaceted concept which can be understood
from different perspectives (Cook & Brown 1999; Kautz & Thaysen 2001). From a
hermeneutic perspective, knowledge is not a commodity which can be collected under
controlled conditions and bought or sold on a market (Dahlbom & Mathiassen 1993).
On the contrary, knowledge is subjective enlightenment, a personal property which is
grounded in human cognition (Nielsen 1994) and it affords actions (Cook & Brown
1999).

Cook & Brown (1999) apply the concepts of explicit and tacit knowledge. Acknowl-
edging the codifiable nature of explicit knowledge which can be transmitted through for-
mal, systematic language, and tacit knowledge rooted in action and difficult to formalise
and communicate, they do not promote one distinct kind of knowledge as an ideal for
knowledge. Instead they emphasise the importance and necessity of different forms of
knowledge. They distinguish between explicit and tacit knowledge, but also between indi-
vidual and group knowledge, thereby creating four basic knowledge forms: explicit indi-
vidual, explicit group, tacit individual and tacit group knowledge. They see these four
forms as distinct forms of knowledge, all with equal standing. All four forms are relevant
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in describing and understanding knowledge and knowledge sharing in organisations. In
addition to the four knowledge forms, the authors introduce the concept of knowing,
which is the part of an action or practice which deals with the way knowledge is used in
interaction with the social and physical world. Sharing their broader perspective on
knowledge, our theoretical framework includes three dimensions of knowledge based on
their work: explicit/tacit knowledge, individual/group knowledge and knowledge/know-
ing. 

We thus understand explicit knowledge as knowledge which is codifiable and can be
expressed directly through language. This means that explicit knowledge is structured and
ordered such that it can be described and discussed through speech, scripts, drawings and
other signs and symbols. Tacit knowledge is knowledge which cannot directly be codified,
but which can (only) be expressed indirectly through language and action. Tacit knowl-
edge is a ‘feel’ or sense for something or “to be able to do something without being able to
explain why” (Brown & Gray 1995). Tacit knowledge is not hidden or inaccessible – tacit
knowledge simply cannot be codified or expressed directly. Explicit and tacit knowledge is
intrinsically interrelated and mutually constituted, and tacit knowledge presents the
backdrop against which all understanding is distinguished. All knowledge thus has a tacit
dimension, and tacit knowledge is the cultural, emotional and cognitive background of
which humans are only marginally aware. Explicit and tacit knowledge are inseparably
linked; thus, they cannot be treated as two separate types of knowledge (Tsoukas 1996).
Against this background, any mechanical conversion model as a background for knowl-
edge sharing such as Nonaka (1994) and Nonaka & Takeuchi’s (1995) model of knowl-
edge creation with its conversion processes of socialisation, externalisation, internalisation
and combination, appears to be an inadequate description of the underlying processes. 

Individual knowledge is knowledge held by an individual and applied in the individ-
ual’s actions, while group knowledge is knowledge held by a group and applied in the
group’s actions. Group knowledge is created through the co-operation of the group’s
members and is part of its practice (Brown & Gray 1995). Group knowledge includes
knowledge about how the group works, its social rules, its memory about earlier actions,
and knowledge about its tasks. Not necessarily all group members possess the whole
group’s knowledge; it is the group as a whole that possesses the group’s knowledge, and it
is the group as a whole that applies this knowledge (Cook & Brown 1999).

Each of the four types of knowledge presented by Cook & Brown (1999) is associat-
ed with a set of knowledge forms. Explicit individual knowledge is expressed in concepts,
rules, equations and interrelations. This is, for example, knowledge in the form of con-
cepts about the design of a product or a specific procedure to follow. Tacit individual
knowledge can be expressed in a person’s skills in applying tools or routines for the perfor-
mance of a particular task (Comas & Sieber 2001). Explicit group knowledge consists of
shared stories about previous successes or failures and of metaphors used for establishing a
common understanding of a problem or a task. Tacit group knowledge is related to organ-
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isational culture in the form of genres which guide the thoughts and actions of organisa-
tional members.

The four types of knowledge can be seen as constituting organisational memory in
different forms. Organisational memory consists of mental and structural artifacts which
have a consequential effect on performance (Walsh & Ungson 1991). In its most basic
sense, organisational memory refers to stored information from an organisation’s history
which can be brought to bear on present decisions.

We have knowledge to carry out an action; at the same time, we can have knowledge
independent of whether we carry out the action or not. Knowledge is something we pos-
sess irrespective of action. Thus, knowledge is a tool which can be used in action but which
in itself is not action. The four forms of knowledge created by the dimensions of explicit-
tacit and individual-group are thus not sufficient to describe the knowledge which is ex-
pressed through practice (Cook & Brown 1999). Every time someone carries out an ac-
tion, a combination of many different types of knowledge is used. Each type of knowledge
contributes to the action in a way in which the other types cannot. The part of the action
which focuses on the application and combination of explicit and tacit knowledge in in-
teraction with the social and physical world is referred to as ‘knowing’ by Cook & Brown
(1999). The authors purport, “knowing is to interact with and honour the world using
knowledge as a tool.” Knowing has a focus on how we use our knowledge in practice.
Knowing is not something we have, but something we do, and therefore a part of the actu-
al action.

2.2 Learning 
Learning is the process by which we acquire knowledge based on the communication of
information and the participation in action. The learning process is thus an antecedent of
having knowledge and is important for the sharing of knowledge.

Kolb (1984) has developed a theory of learning according to which learning is based
on experience, and takes place through learning cycles. The learning process is a cognitive
process in which individuals process new information or actions based on the background
of existing information or actions. In this process information called abstract conceptuali-
sation is obtained though speech and script, or indirectly through action and practice,
when it is called concrete experience; thereafter information is processed actively through
active experimenting or reflectively through reflection and/or observation. This means
that abstract concepts and concrete experience are tested actively in practice or are reflect-
ed upon. The result of this process is new or re-organised knowledge.

Comas & Sieber (2001) relate this learning theory to Cook & Brown’s understand-
ing of knowledge and knowing and argue that a mutual interplay exists between knowl-
edge and knowing. Knowing means that we use our knowledge in new ways, or that we
make use of our knowledge in new ways through practice, and thus discover new interrela-
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tions or gain a new understanding of our knowledge. Kolb’s (1984) learning cycle, which
is based on experiential learning, complements Cook & Brown’s (1999) comprehension
of knowing, as it can explain those aspects of knowing which deal with the creation of new
knowledge. Comas & Sieber (2001) postulate that the four different stages of the learning
process indirectly reflect the presence of different states of knowing, and that moving
through the cycle contributes to what Cook & Brown (1999) have called productive in-
quiry. Thus, knowing can be seen as a learning process.

There is, however, a difference between the four types of knowledge in how they re-
late to learning. The learning process depends on the types of knowledge involved, but al-
so on different ways of learning (Nielsen & Kvale 1999).  The concept of scholastic learn-
ing describes the part of learning which takes place through verbal and textual instruction
detached from practice (Nielsen & Kvale 1999). This comprises the communication of
information which represents explicit knowledge and, as such, concepts, rules, equations
and interrelations are acquired through scholastic learning. This involves learning
through concrete institutionalised education, for example through courses, seminars or
literature studies, but also through verbal and textual instruction among colleagues at the
workplace.

Learning of tacit knowledge occurs through active participation in practice as well as
general learning in day-to-day life. Wenger (1998) presents a social theory of learning in
which participation in practice forms the basis for learning. When people work closely to-
gether, share a practice, use a common vocabulary to talk about the practice resulting in an
understanding of the practice, tacit knowledge in the form of skills, proficiencies, routines
and shared genres is more easily shared (Wenger 1998; Wenger & Snyder 2000). Practice
learning takes place in communities of practice which are areas of activity or bodies of
knowledge which a community has organised itself around. It is a joint enterprise inas-
much as it is understood and continually renegotiated by its members who are linked to
each other through their involvement in common activities (Wenger 1998). Over time, a
community of practice builds up an agreed set of communal resources, a shared repertoire
which consists of tangible as well as intangible aspects such as procedures, politics, rituals
and values (Wenger 1998; Wenger et al. 2002).

While scholastic learning is primarily about receiving, processing and absorbing in-
formation, practice learning is primarily a question of becoming part of a community
(Brown & Gray 1995). Individual learning can occur through scholastic as well as practice
learning, and it is an individual’s learning of explicit and tacit knowledge. Individual
learning denotes the acquisition of knowledge which an individual uses in and for actions.
An example is knowledge in the form of concepts about the design of a product, or skills
in the application of tools or routines for the performance of particular tasks (Comas &
Sieber 2001). Group learning is learning of tacit and explicit knowledge on a group level.
Group learning can occur through scholastic as well as practice learning. Through group
learning, the group acquires knowledge which it uses for its actions. This comprises
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knowledge in the form of rules for how a task is to be solved, sharing of stories of successes
and failures, routines for how the group distributes tasks, and genres for particular meet-
ings and documents.

Communities of practice (Lave & Wenger 1991; Wenger 1998) are a prominent ex-
ample of group learning: groups of individuals who work together over a period of time.
The individuals in these groups may carry out the same job or co-operate on a shared as-
signment, but they do not have to be a formal or identifiable group (Brown & Gray 1995).
Individuals in communities of practice are bound together through a shared practice and
understanding of this practice, and they develop shared knowledge about the practice
(Brown & Gray 1995).

2.3 Communication and Active Participation in Action
The access to and exchange of information is necessary for the acquisition of knowledge
(Kautz & Thaysen 2001), and communication is therefore important for the sharing of
knowledge.  Fiske (1990) argues that communication can be understood as the exchange
of information. Fiske relies on Lasswell’s (Severin & Tankard 1997)—Who (says) What
(to) Whom (in) What Channel (with) What Effect—and Shannon and Weaver’s (1949)
rather general model of communication, but emphasises that the communication process
takes place with the aid of a shared oral and written language, body language or action. In
this model a sender or communicator chooses, combines and presents data in such a way
that it represents the information which he or she wants to communicate. A receiver rec-
ognises and takes information in by interpreting the transmitted data on the background
of existing knowledge, other information, context, culture and the rules and pragmatics of
the language.

Communication can take place as a dialogue, where the roles of the sender and receiv-
er change continuously during the communication, or as a monologue, where the roles of
the sender and the receiver are fixed throughout the communication session. The roles of
the sender and receiver of information in the communication process can be held by indi-
viduals and by formal or informal groups. Formal groups are groups which are linked to
business processes or organisational units and which have been defined by an organisa-
tion’s management (Brown & Gray 1995). Informal groups are groups which are connect-
ed with informal business processes or built by people who congregate outside or across
the formal organisational units. 

The differences between how individuals or groups exchange knowledge have an im-
pact upon how and which information can be communicated. Information can be found
not only in speech, but can also be expressed through body language and action. An indi-
vidual can obtain information which is embedded in actions and body language by partici-
pating in someone else’s work. This means that information has different formats, is more
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or less structured, and is stored in different ways, which all have an influence on how in-
formation can be communicated.

Knowledge sharing takes place through inter-subjective (social interaction) and/or
technology-facilitated (technical media) communication (Thompson & Walsham 2001).
There is a difference between which type of information can be most suitably exchanged
and provided through social interaction and technical media.

Social interaction as the face-to-face exchange of information between people com-
prises, for example, formal or informal meetings, verbal presentations and teaching ses-
sions. In social interaction, information is communicated through speech, body language
or actions; hence social interaction enables the exchange of information linked to both ex-
plicit and tacit knowledge (Nielsen & Kvale 1999). Explicit knowledge can be codified,
and it can thus be expressed verbally (or textually) in a shared language. Tacit knowledge
cannot be codified and it can therefore not be expressed verbally or textually; body lan-
guage and actions are thus important for the learning of tacit knowledge (Nielsen & Kvale
1999). This indicates that social interaction is suitable for the communication of com-
plex, less structured and non-formalised information because it provides different possi-
bilities for communicating a message. This happens through the application of a combi-
nation of a shared language and speech, body language and actions which can supplement
each other. Social interaction in itself cannot store information, and thus the storing of
the exchanged information through social interaction is dependant on the individuals’ or
the group’s capability to ‘store’ across time and place.

Technical media are technologies, especially information and communication tech-
nologies, which support the exchange of information in the whole or in parts of the com-
munication process. These can be telephones, databases, electronic documents or elec-
tronic mails. Technologies can ‘transport’ communicated information between the in-
volved parties and simultaneously support the storage of data (Walsham & Thomsen
2001). Technology thereby provides the possibility of making information available
across time and space. Technology can also contribute to changes in the format or struc-
ture of information in the form of categorisation of documents, composition of docu-
ment indices, or conversion of analogue sound to a data file. This improves the communi-
cation in relation to a situation where technology is not applied.

Technical media are suitable for the communication of codified information (Th-
ompson & Walsham 2001) as most are based on verbal and textual communication.
Some technologies, such as video, can also reproduce information expressed through body
language and action. Technical media are suitable for well structured, well defined and
formalised information such as technical specifications or measurement results. Technical
media primarily support the communication of information related to explicit knowl-
edge, and they can only indirectly, and to a limited extent, support communication of in-
formation related to tacit knowledge (Thompson & Walsham 2001). Different strategies
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are used to access that information depending on the type of knowledge and the back-
ground of those who use the medium (Smolik et al. 2005).

In summary, it is our understanding that knowledge, learning, communication and
participation in action constitute knowledge sharing via different types of media, see fig-
ure 1. Learning occurs through scholastic or practice learning, and the learning process is
the process which determines how individuals and groups acquire different types of
knowledge through the communication of information and participation in practice.
Knowledge, learning, communication and participation in action are related, and they in-
fluence each other as prerequisites for knowledge sharing. We will use the framework to
analyse the relationship between ways of learning and types of knowledge as prerequisites
for knowledge sharing and how knowledge sharing unfolds in our case organisation.

Figure 1: A model of knowledge sharing
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3 Research Approach and Method
The ontological and epistemological assumptions of our work are informed by the inter-
pretive paradigm. The objective of our research was to study and understand the organisa-
tional members’ knowledge sharing processes within their work and organisational con-
text. In line with Andersen (1999), we chose a case study approach in order to study the
process of knowledge sharing in its organisational context. 

We concentrated on a single case study of knowledge sharing in a large Danish IT
company. This approach might be criticised for only generating a local empirical theory
which might not be generalisable, but as argued by Hughes and Jones (2003), it contrib-
utes to the existing body of knowledge by providing a detailed account of empirical find-
ings. By limiting the study to a single organisation, we were able to examine the case in
more detail to understand more thoroughly the interrelationships of separate data, the es-
sence of our research objective.

We collected data through 13 semi-structured interviews with software developers
and project leaders. We also performed one group interview with management and two
one-workday-long observations where we followed a manager and a developer. Finally, we
included secondary material in the form of different kinds of documents used in the or-
ganisation. All interviews were taped, and a summary was written listing relevant issues
from each interview. During and after the interviews we produced rich pictures inspired
by the Soft Systems Methodology (Checkland & Scholes 1990) to depict our understand-
ing of the situation with regard to knowledge sharing in the organisation. These rich pic-
tures constructed the basis for the data analysis and were so useful that we only had to re-
turn to the tape recording for further consultation in one case.

To analyse the data we used a combination of common sense interpretation, inspired
by the above rich picture, and theoretical interpretation which related the data to our the-
oretical framework (Andersen 1999). For all interviews and observations we identified
and coded sensible units of statements. These statements were then linked to one or more
categories which we deduced from our theoretical framework, and by comparing all state-
ments within each category and across categories, a number of recurring subjects emerged,
and over 100 issues critical for knowledge sharing in the case organisation were identified.
The main categories, also used in the subsequent in-depth description, were: knowledge
sharing through social interaction, knowledge sharing through technical media, and the
different kinds and formats of knowledge shared.

This allowed for an in-depth understanding and discussion of knowledge sharing in
the case organisation, revealing what kind of interaction and which media provide possi-
bilities and support for sharing different kinds of knowledge. It also revealed what impact
the identified issues had on the sharing of knowledge.
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4 Knowledge Sharing in the Case Organisation
The case organisation was a Danish subsidiary of a global provider of telecommunication
systems. At the time of the study (in 2002), the Danish subsidiary was 23 years old and
had been acquired by the American parent company six years earlier. The company’s cus-
tomers were fixed network, mobile network and cable operators residing in more than 80
countries.

The Danish subsidiary focus on the development of new products. The company’s
products consist of hardware and embedded software which provide the product func-
tionality and management software to access, calibrate and monitor the products’ func-
tions. This is mirrored in the organisation of the company’s research & development de-
partment, which consists of three divisions (access, calibration and monitoring) that per-
form the detailed specification and actual development tasks. In addition, the company
has a product management department, a product planning and specification department
and a finance department. The company has 420 employees of whom 180 are directly in-
volved in product development.

We agreed to focus our investigation of the knowledge sharing process on one organ-
isational unit—the division of embedded software consisting of administrative staff, a
manager, three projects leaders, two team leaders and 27 developers. With its position be-
tween different departments and divisions, embedded software appeared to be the most
appropriate and representative for our purpose.

The company was very interested in participating in our study. Due to increased
competition in the market, they had decided to focus on employees’ knowledge, learning
and communication both within and across the organisational units with the aim of in-
creasing productivity and quality in the product development process.

The product development process is organised in programmes consisting of projects.
The company has about three large and 5-10 minor programmes running at any one time,
consisting of multiple projects of varying length from six months to two years. The
projects are typically carried out in and by the different divisions. The company’s develop-
ment process can be characterised as product-oriented, sequential and document-focused.
The process consists of an analysis and design phase, a development phase, a test phase,
and a product installation and introduction phase.

A planning team consisting of experienced employees from different departments is
responsible for the overall definition of a programme. A so-called core group of project
managers and technical experts performs a feasibility study and produces product and
document reviews at the end of each development phase. Finally, a core team consisting of
the project managers from the different divisions in R & D is responsible for conducting
and completing the actual projects and products. The development work is performed by
the individual divisions and their developers and is co-ordinated by the project managers
in and across the three divisions and beyond.
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The developers in the division were our primary unit of investigation. Within the
category ‘individuals and groups’ we differentiated between developers in the division, de-
velopers who worked on the same tasks, developers who shared a two-staff office, project
groups, sub-project groups, informal groups, and experience (exchange) groups. Individu-
als and groups related to other units were roughly distinguished into: 1) individuals in
other divisions and departments affiliated with the same project or product 2) other de-
partments and divisions in the Danish subsidiary, or 3) individuals and groups in other
countries. 

The case study showed that the software developers drew upon organisational mem-
ory to share knowledge. Knowledge sharing as it unfolds through social interaction took
place in the case organisation through formal interaction in formal meetings, informal in-
teraction in informal meetings, seminars and courses, presentations, exchange of experi-
ence groups, personal networks, and in the offices shared by two or more people. Knowl-
edge sharing as it unfolds through technical media, happened through the use of the or-
ganisation’s document handling system (DHS), its file server, error reporting system, ver-
sion control system, project management system, electronic mail, electronic discussion
groups, internet, intranet, video, whiteboards, paper documents and literature. The kinds
of knowledge that the developers shared covered technical specifications (particularly re-
quirement specifications and design documents), general project information and techni-
cal standards, information about who knows what about previous projects or old prod-
ucts, and information about technical problems and improvement of products. 

In the next four subsections we provide a more detailed analysis of how knowledge
sharing unfolded between individuals as well as within and between groups and of the
types of knowledge shared.  We also identify critical issues related to each of the categories
and provide some suggestions regarding how some of these issues can be solved. As limita-
tions of space preclude a full description of our analysis, we have chosen two subjects from
each of the categories to illustrate our findings.

4.1 Knowledge Sharing through Social Interaction: Formal meetings 
and Personal Networks
The developers and managers participate in various formal meetings dealing with the
communication of the status of projects and problems through verbal and textual com-
munication. These formal meetings provide the opportunity for the acquisition of explic-
it individual and group knowledge. Explicit individual knowledge is shared in the form of
coordination, communication of status and discussions of tasks. Explicit group knowl-
edge is shared in the form of (communication of) management attitudes and opinions,
definition of rules and (communication of) stories about good and bad projects. The for-
mal meetings are also used as ‘pathfinders’ to those developers who hold individual
knowledge about, for example, concepts and rules, or who have specific skills. In this way
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the formal meetings provide the individuals with the possibility of obtaining knowledge
about where they can obtain further knowledge. Active participation in formal meetings
also provides the opportunity for acquisition of knowledge about the genres which are re-
lated to formal meetings and the acquisition of individual skills about how meetings are
run.

However, the information communicated through project meetings is arbitrary. The
developers are not sure that the information they need, or which would be helpful to
them, is communicated through meetings. This contributes to the project meetings hav-
ing less value for the developers, and indicates that the developers are not sure about the
genres which are related to formal meetings, or that they lack skills to utilise formal meet-
ings. The study does not provide any evidence that the developers are trained in useing
formal meetings. The developers therefore communicate to a higher degree through infor-
mal meetings which are held as the need for particular information arises, or through per-
sonal networks. Information about the same subject is communicated through many dif-
ferent forms of social interaction and through different technical media. This in itself does
not have to be a problem, as a certain amount of redundancy increases the chance that ev-
eryone will receive the desired or necessary information, but it is problematic when it con-
fuses the developers.

Furthermore, there are no project meetings between divisions, and coordination
across divisions rarely happens in formal meetings. Communication between the divisions
is generally poor, and is limited to taking place through the project managers’ personal
networks. This reinforces the organisational divide between the developers in the differ-
ent divisions and creates a barrier which does not support communication or insights into
other developers’ work. In practice, the communication and the exchanges, which happen
across the departments and are necessary for the developers, come about through personal
networks or written information. The communication between divisions is much more
difficult than within a division because one has to be much more precise, as the developers
cannot assume that the receiver of their information has the same background knowledge.

Personal networks are personal relationships between the developers. They are used
to communicate information and to instruct each other. Communication of information
through personal networks is verbal and textual, and provides the opportunity for scholas-
tic learning of explicit knowledge. This is true for both individual and explicit group
knowledge because personal networks are directed towards communication of concrete
problems, discussions of different possibilities for solutions, and the informal education of
the individual developer. This knowledge takes the form of concepts and rules related to
projects, products and other technical matters which the developers need for the perfor-
mance of their work. Good and bad experiences are communicated for this purpose, and
phrases are used which are defined by the groups in the organisation. This happens, for ex-
ample, through informal meetings, which are the links for the networks and also make
them more visible. The developers communicate information through informal meetings;
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at the same time, they can identify other developers’ personal networks, thereby building
and extending their own personal networks.

The developers become actively involved and participate in each others’ practice
through personal networks, and in so doing they have the opportunity to acquire the
genres which are related to personal networks. In addition, the networks give the develop-
ers the opportunity to acquire skills in how personal networks can be used, and skills re-
lated to the topics which are communicated. This happens, for example, through shared
offices, which facilitate the developers’ participation in the same practice. It is common
practice in the company that an experienced developer shares an office with a less experi-
enced developer to help him or her to achieve skills and learn genres. This includes help-
ing the less experienced by pointing in the right direction when it comes to searching in-
formation. Areas in which this strategy occurs are in communication about how things
work, where specific information can be found, as well as in the form of stories and rules
related to work in the divisions.

The poorer the formal meetings and the technical specifications, the more the devel-
opers use their personal networks. Personal networks are pivotal for communication in
the division because many other forms of social interaction and technical media are not
adequate and detailed enough for the developers to communicate all the desired or neces-
sary information. The developers gain a sense of this through the personal network for
what is important and whom they should go to in order to prioritise resources and tasks.
Personal networks bind other forms of social interaction and technical media together,
and they satisfy the need for communication which is not covered through other social in-
teractions and technical media.

Developers depend on personal networks to be able to perform the work for which
they need information from previous projects. These networks are strongest within the
division, but more experienced developers also have networks which span divisions. This
dependency on the personal networks and on the most experienced developers can be
problematic when the developers who have comprehensive knowledge of previous
projects and old products leave the organisation and take their knowledge with them.

Personal networks save time. They are faster to use than searching in documents.
The developers can find what they are looking for faster through their personal networks
than through other forms of social interaction or technical media. Personal networks are
created through the developers’ daily work, but a good network takes many years to build
up. This is because the developers work on the same projects and with the same colleagues
over a long period of time. This contributes to the situation where some developers have
broad and comprehensive networks with a lot of information at their disposal, while oth-
ers have lesser networks have less information. This indicates that not all developers have
comprehensive personal networks, which results in less communication of information
and fewer opportunities for the acquisition of new knowledge for these developers.
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The analysis of the examples of social interaction shows that social interaction
through verbal and textual communication provides the possibility for scholastic learning
of explicit knowledge. Beyond this, the active participation in action in the form of social
interaction provides the opportunity to acquire those genres which are related to social in-
teraction and the acquisition of the individual skills for how social interaction can be ap-
plied, and the skills related to the topics and themes which are communicated. The inves-
tigation shows that the individuals and groups in the investigated division communicate
through social interaction, and social interaction thus provides the opportunity to share
knowledge in the division. This is interesting, as the analysis also shows that social interac-
tion is not facilitated in a structured way, and that formal forms of social interaction in
general are not prioritised. This creates problems, as the developers are uncertain about
which information is communicated through which type of social interaction, resulting in
a high degree of arbitrariness with respect to which information is communicated through
the form of social interaction: in courses, presentations, experience groups or personal net-
works.

4.2 Knowledge Sharing Through Technical Media: The document 
handling system and the file server
The document handling system (DHS) provides the opportunity for textual communica-
tion. By far the largest part of all technical specifications, analysis documents and project-
related documents is stored in the DHS. This comprises feature plans, functional and ob-
ject models and iteration plans, but also how-to documents, technical standards and pres-
entations. The documents are used by the individual developers in their work as they de-
scribe what and how something should be or has been done. The documents are also
directed towards groups as they provide the framework and the scope for the groups’ col-
lective work. The verbal and textual communication through the DHS offers the oppor-
tunity for individuals and groups to acquire explicit knowledge. 

Active participation in the form of interaction with and use of the DHS provides the
possibility for the developers to gain skills in use of the system and in acquiring the genres
related it. This comprises which documents are stored in the system, how the documents
are structured and categorised, how search functions are applied, and how keywords and
indices are linked to documents.

Not all documents are stored in the DHS and, as a consequence, not all necessary
documents are accessible to all developers. The DHS is regarded as being for documents
which are directly related to projects or the product development process. Other docu-
ments which do not comprise formal or project-defining information, such as descriptions
of ‘personal’ ideas for solutions, experience or general descriptions of problems, are often
stored on other media, e.g., the file server. Only what the individual developer thinks has
to be version-controlled is stored in the DHS. The developers have to search for informa-
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tion in many places and to supplement information from the DHS with information
from, e.g., the file server or their personal networks. This indicates that developers need to
have a good overview of the information and have to make an extra effort to gather the
quantity and the quality of information that they need for their work.

The DHS is slow and hard to use, the search functions are poor, and distribution lists
are not used to the necessary degree. It is difficult to find the right documents, there is a
lack of abbreviations and designations, and the information structure in the system is
strictly hierarchical. The actual functionality and the information structure in the DHS
hinder the developers’ use of the DHS and the communication of information. This lim-
its the developers’ chances of sighting all documents and finding all relevant information
for a particular task. The strict information structure does not mirror the individuals’ and
the groups’ problem-oriented way of working. Communication of information in the
DHS is based on the partition between projects and divisions instead of being based on
the structure of the working processes, problems and solutions. In addition, not all de-
partments are equally engaged in using the system. This reinforces and increases the prob-
lems related to the developers’ limited possibilities of accessing all documents and finding
all relevant information for a particular task. Although the DHS is the official place for
storing and distributing documents, some departments use other technical media, for ex-
ample, databases for technical specifications.

Many developers use the system only to the extent to which it has an impact on their
communication with other divisions, or when demanded as part of the formal work pro-
cess. Some divisions provide their documents to developers in other divisions only to a
very limited extent, and the division also only has an insight into other divisions’ docu-
ments to a limited extent. The lack of insight into each others’ work makes the communi-
cation of information across divisions difficult and hinders the sharing and exploitation
of explicit knowledge. In the case where the use of the DHS is bypassed to the advantage
of other technical media, this also has an influence on the acquisition of tacit knowledge
related to the use of the DHS, especially the individual skills related to using the DHS for
the storage of technical specifications. This is also true of the acquisition of genres related
to the DHS. Information about genres is communicated though the documents in the
DHS. When the same information is communicated through different forms of social in-
teraction and technical media, meaning that different genres are used for the same
themes, this can lead to a situation where the same information gains different meanings.

The file server is primarily used for informal documents such as technical notes, pro-
posals for technical designs, intermediate and temporary versions of documents, stan-
dards, product descriptions, third party documents, etc., which are not directly related to
the projects or the product development process. Apart from these documents, the file
server also contains binary files in the form of programs and video recordings. This shows
that the file server is used for textual and verbal—in the form of video recordings—com-
munication, which provides the opportunity for acquisition of explicit knowledge related
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to the information which is stored on the server. Interaction with and use of the file server
provides the opportunity for the developers to acquire skills in the use of the file server
and genres related to it. These are implicitly determined by the developers and deal, for ex-
ample, with which documents and files are to be stored on the server, how they are and
should be structured, and which search functions can and should be applied.

The file server is used to store files which should have been stored in the DHS. A
problem arises when the DHS is regarded as the storage means for documents which are
directly linked to the projects or to the product development process. Nevertheless, some
older documents have not been transferred to the DHS and are stored on the server. This
includes, for example, own ideas and experiences, technical notes, proposals for technical
designs, designs, intermediate and temporary versions of documents, standards, product
descriptions, third party documents etc. which are not directly or indirectly related to the
projects or the product under development. This indicates that information which relates
to the same subject is stored and communicated through different technical media: for ex-
ample, own experience and proposals for technical designs are stored on the file server,
while technical specifications related to the same product are stored in and communicated
through the DHS. This results in a situation where the developers have to gather informa-
tion from different places, depending on whether the information is categorised as formal
or informal, or whether the information relates to newer or older products. Thus, devel-
opers must have a good overview of the information and require extra time to gather the
necessary quantity and quality of information. As information has an impact on the learn-
ing process and ultimately the acquisition of knowledge, the use of the file server hinders
the sharing of explicit knowledge, since it really functions as a ragbag and provides the op-
portunity to store information in places other than the DHS.

The developers’ and the divisions’ use of the file server is very different. Some devel-
opers never use it; others use it often or store and find much useful information there. The
divisions also structure files differently on the server, and this is an obstacle to the sharing
of knowledge. The different use of the file server makes the communication of informa-
tion through this technical medium look arbitrary and dependant on individuals. The dif-
ferent use of the file server holds the risk that the developers do not communicate the
same information, and thus that the information accessible to the other developers be-
comes different. There is a risk that those developers who do not use or do not have
knowledge of the information on the file server do not acquire knowledge of the same
concepts or stories. This then decreases their later capabilities to act. The developers’ dif-
ferent uses of the file server lead to differences in the extent to which the developers ac-
quire skills related to the file server and knowledge of the file server as a genre. This in-
cludes skills related to the use of the file server to store and work with technical standards
or the handling of video recordings or other binary files on the server. It also includes the
genres related to the file server, for example, the form in which information in a technical
standard is communicated through the medium.
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It is difficult to find information on the file server. The developers have to know
where the information is stored to find it. The problem with access to information on the
file server is emphasised by this issue. This is due to the fact that the file server has limited
search functions which only cover searching based on file names, and that the directory
structures and naming are very ‘anarchistic.’ This means that the developers have to have
considerable knowledge of the file server and its contents to be able to search for informa-
tion there. Information about the file server is communicated through personal networks,
but the personal networks take a long time to build up and seldom cross division bound-
aries. It is thus difficult for new employees and developers in other divisions to find rele-
vant information on the server.

In summary, all these issues deal with access to information. As information is the ba-
sis of the developers’ acquisition of knowledge, access to and gathering of information are
necessary for the acquisition and sharing of knowledge. The analysis shows that the issues
identified in relation to the developers’ use of technical media to communicate have a neg-
ative influence on the sharing of knowledge between individuals and groups in the com-
pany division which was investigated.

4.3 Sharing Different Kinds of Knowledge: Technical specifications 
and information about ‘who knows what’

Technical specifications comprise feature plans, overview and detailed function and ob-
ject specifications and hardware specifications. They are the basis for the acquisition of ex-
plicit knowledge, and the developers actually use particular technical specifications for
product development. The technical specifications are directed towards the individual de-
veloper’s work and at the same time define the rules and phrases for shared development
work. They thereby form the basis for the sharing of explicit knowledge between individ-
uals as well as groups.

The developers, who have been in the division for a long time, can understand and
use technical specifications better than others. This indicates that through their daily
work, the developers acquire skills and genres in utilising technical specifications. Active
participation in action provides the opportunity for the acquisition of tacit knowledge.
This means that the developers’ use of technical specifications contributes to their skills in
utilising technical specifications. Their skills related to the topics which the technical
specifications deal with, and to the acquisition of genres which are related to technical
specifications. 

However, not all developers understand the documents equally well. When they do
not understand the documents they contact the developers who originally produced the
documents and ask them what they were trying to describe and express. This shows that
the developers need certain skills and knowledge of the applied genres to be able to use the
information which is provided in the technical specification.
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The developers find it difficult to gain an overview of what has been agreed on, and
which of the changes in the specifications have been carried out. The changes are some-
times carried out before they are agreed upon and approved, and not all changes are docu-
mented and reviewed. These problems show that communication about changes or up-
dates to specifications and documentation is sometimes difficult or defective. Acquisition
of knowledge is based on the information which the receiver obtains. Access to and ex-
change of information is thus necessary for the acquisition of knowledge. Therefore, the
developers’ different and non-updated information basis has an impact on the explicit
knowledge that they acquire, and ultimately on their possibilities of action.

The change management tool is not used to receive information on updated techni-
cal specifications, and the document handling system is sometimes bypassed and e-mail is
used instead. Communication of these documents and information on updated technical
specifications takes place through many channels and different technical media. This indi-
cates that the developers are not proficient in and certain about the genres which are con-
nected to these technical media, e.g., the specifications are communicated through the
document management system (DHS), but updates to these documents are communicat-
ed through the error reporting system, while both types of information should be commu-
nicated through the DHS.

Sometimes feature plans are not completed when a project starts, resulting in guess
work and rough estimates, and there is no possibility of tracing all features through the
whole product development process, including the final test of the product. As a conse-
quence the quality of the information which the developers use in their work is insuffi-
cient. As noted earlier, access to and exchange of information is necessary for the acquisi-
tion of knowledge, and when information is not available, acquisition of knowledge is im-
peded or hindered.

Information on ‘who knows what’ includes information about which colleagues have
the skills and knowledge about projects, products and technologies. As this information is
relevant to the individual developer’s seeking of information and simultaneously defines
rules for who the developer should turn to, this information is the basis for explicit indi-
vidual and group knowledge. 

Active participation in action provides the possibility of acquisition of tacit knowl-
edge. This means that the developers’ utilisation of personalised knowledge contributes
to: (1) utilising these skills and finding the colleagues in question, and (2) the acquisition
of the genres which are related to the skills and to these people. The study shows that the
developers use a lot of time finding out who knows what, and that they do not always suc-
ceed. The developers find that knowledge about who knows what comes with time, when
they become familiar with other developers.

Many developers lack insight into who has what information and skills. The develop-
ers often only know the skills of those they are working with or have worked with in
projects. Many developers have limited knowledge of their associates. However, for devel-
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opment of the technical skills it is important to know whom to ask in the organisation.
The lack of knowledge of colleagues can thus have a negative impact on the access to and
communication of information, and ultimately a negative impact on knowledge sharing,
as the developers do not have an overview of what information can be found where. This
is even more problematic as it is most important to know whom to ask as part of the de-
velopment of the skills which the developers require to perform their tasks.

Project managers are prominent as they know who has what knowledge. However,
the overview over who has what information and which skills, and therefore the access to
other people’s information and capabilities, depends on a relatively small number of peo-
ple. The division’s catalogue of expertise is no longer updated, and therefore it is of very
limited help in this respect. The developers instead use their personal networks to obtain
this information. The difficulties in localising information and skills of other developers
are reinforced through the fact that the developers have difficulty finding overviews of
who works in which project. Thus, important or necessary information cannot be found
and the developers do not actually know what others need to know. This is a great hin-
drance to the distribution of information to developers who require it.

In summary, the analysis of technical specifications and information about ‘who
knows what’ as exemplars of different kinds of knowledge shows that the identified issues
can be detrimental to the sharing of knowledge in the organisation, as this knowledge is
difficult to find, and may also be hard to understand. The developers instead use their
personal networks to acquire the knowledge that hey need. However, as personal net-
works take time to build, this solution works better for those developers who have been
with the company for a longer time.

4.4 Sharing Different Types of Knowledge: The relationships 
between explicit individual, explicit group, tacit individual, tacit 
group knowledge
A closer look to our empirical data also reveals how the relationships between explicit in-
dividual, explicit group, tacit individual, tacit group knowledge contribute to the acquisi-
tion and sharing of knowledge.

With regard to the relationship between individual and group knowledge a number
of developers in our study explained that they discussed technical problems and solutions
with other developers using, personal networks and experience groups. We found that the
developers had a shared repertoire of phrases for particular types of technical specifica-
tion. Thus, the developers’ individual explicit knowledge about how technological solu-
tions are specified contributes to the group’s use of phrases concerning technical specifica-
tions, and therefore to explicit group knowledge about specific types of technical specifi-
cations.
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We also found that the developers primarily store formal documents, i.e., documents
which are a defined part of the development process or which are somehow related to
projects and products in the DHS. These documents are placed in a strict hierarchical
structure which is ordered according to departments, products and/or projects. This indi-
cates that the developers’ skills—tacit individual knowledge of skills and a ‘feel’ for which
documents should be stored in the DHS, and where—contributes to the tacit group
knowledge of a genre with respect to which documents are communicated through the
system and how they are communicated.

The study also shows that new developers are trained in the use of the DHS through
courses and apprenticeship learning. This indicates that the tacit group knowledge of a
genre related to the DHS contributes to the development of the individual developer’s
skills in relation to the use of these genres.

Regarding the relationship between explicit and tacit knowledge, a number of the de-
velopers reported that on the basis of books, presentations, and courses, they use their un-
derstanding of concepts and interrelations to experiment in practice and thereby acquire
new skills. The individual developers apply explicit knowledge in practice—practice learn-
ing which contributes to the acquisition of tacit knowledge in the form of skills. The study
also shows that developers who are experts in a particular field tell other developers about
how a specific task should be carried out. This can happen through presentations, experi-
ence groups and personal networks, thereby giving other developers the opportunity to
gain explicit knowledge about the action related to solving the task in question. This indi-
cates that the developers do reflect upon their tacit knowledge and explicate related ac-
tions and activities, which they then communicate to other developers through scholastic
learning.

The study also shows that the project management system which was previously used
to plan projects is now only used for general project planning and time registration. Ac-
cording to the respondents, it ought to be possible to extract estimates for new projects di-
rectly from the system; however, because the projects are dissimilar, these estimates are
hard to re-use. We also found that some developers had ceased to register time in the sys-
tem. This indicates that stories, i.e., explicit group knowledge, about the deficiencies of the
project management system make the developers interpret the information which is com-
municated through the system in an unfavourable way. They have thus developed a per-
ception of the system which has become tacit group knowledge. The study also shows that
the developers reflect over their use of the DHS as a form of communication in the com-
pany which only functions poorly. This contributes to stories among the developers about
how their work is made cumbersome by the system, and that necessary documents are
hard to find. This shows that the groups reflect on their tacit knowledge and explicate ac-
tions related to this knowledge which contribute to the acquisition of stories and phrases
in the groups related to the use of genres. 
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Concerning the relationships between tacit individual and explicit group knowledge
and explicit individual and tacit group knowledge, one developer, through use of his skills,
developed a browser tool which other developers found useful. It became part of the de-
velopment toolbox and contributed to the stories and phrases which the members of this
group of developers told about useful tools. This shows that developers, through their
skills and thus their individual tacit knowledge and its explication in related actions, con-
tribute to the group’s stories and phrases, and thus their explicit group knowledge.

The study also provided examples of how success stories of solving specific tasks were
sometimes transformed into how-to documents, for example, how to program in C,
which other developers could use to acquire new skills. This indicates that a group’s sto-
ries enter into individual practice learning which contributes to the development of the
individual group member’s skills, in this case programming in C.

The developers’ understanding of the importance of standards for the development
work makes them perceive what is communicated as a standard as being specifically im-
portant. This indicates that concepts or rules related to the use of a particular form of
communication contribute to the development of genres. The study also shows that when
developers observe others communicating, they gain knowledge about how, for example,
one conducts a presentation or a formal meeting. This indicates that the developers’ ac-
quaintance and application of genres contribute to the developers’ individual understand-
ings of the concepts, rules and interrelations which are related to genres.

5 Discussion
The study has shown that our framework can explain the relationship between the com-
munication of information, participation in action, the learning process, and knowing the
different types of knowledge. It presents an appropriate basis for a detailed understanding
of knowledge sharing. The empirical data provide examples of how different forms of
knowledge are shared in social interaction and by using different media.

Our study shows how knowledge sharing unfolds and that when there are problems
with the communication of information, such as missing information, poor access to in-
formation or poor quality of information, this determines the extent to which explicit
knowledge can be acquired. Similarly, if active participation and learning in practice are
hampered or functioning poorly, this determines the extent to which tacit knowledge can
be acquired.

Our work is based on the assumption that a number of different dimensions and per-
spectives have to be taken into account in order to create a comprehensive understanding
of the knowledge sharing process. Other authors only deal with the relationship between
two dimensions, such as communication of information and knowledge, or knowledge
and learning, or they consider and describe the dimensions as different perspectives on
knowledge sharing. We take all these different dimensions and perspectives into account. 
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Cook & Brown (1999) identify types of knowledge and knowing which can exist in
an organisation and the relationship between them. They consider knowing primarily as
productive inquiry. They relate them neither to the concept of learning nor to the impor-
tance of communication of information. Comas & Sieber (2001) discuss managing know-
ing by describing the relationship between experiential learning and knowing. They argue
that managing knowing can be described as an experiential process, and they thus empha-
sise knowing primarily as a learning process. They do not, however, draw on the impor-
tance of what precedes this process, namely, communication of information and the actual
situation in which learning takes place. Kolb’s (1984) learning cycle concentrates primari-
ly on the learning process with a focus on individual learning which ignores the group di-
mension of learning and knowledge. Kolb (1984) also emphasises how information is
gathered and processed in the learning process, but does not deal with what happens be-
fore in the form of communication of information. He thus ignores the problems which
can arise when obtaining information. Nielsen & Kvale (1999) identify scholastic learning
and practice learning, as well as the explicit knowledge and tacit knowledge to which these
ways of learning contribute, but they do not clearly deal with the individual and group di-
mensions of knowledge and learning. We take all these issues into account. Our under-
standing of communication is distinct from the original models (Fiske 1990) by being ex-
plicitly directed towards our focus on knowledge and learning processes, and by viewing
communication not as a technical, de-contextualised process, but as a social process which
takes place in a context. We thus emphasise the concepts of social interaction and techni-
cal media instead of the technical term ‘channel’, and we do not use the terms ‘sender’ and
‘receiver’, but stress the concepts ‘individual’ and ‘group’ in relation to communication.
Our theoretical framework thus contributes to research within the field of knowledge
sharing by integrating different areas related to knowledge sharing.

We have seen how different types of knowledge contribute to the learning of differ-
ent types of knowledge, and how the developers constantly use knowledge to learn in or-
der to create new knowledge. These learning situations can also be understood as multiple
cycles which can take place simultaneously. According to Cook & Brown (1999), learning
is a process in which an individual or a group processes new information on the basis of ex-
isting knowledge which can then be used as a basis for action. The result of the learning
process is new knowledge. Following Kolb’s (1984) understanding of the learning process
and the relationship between different ways of learning and different types of knowledge
as expressed in our framework, and relating and comparing these to the relationship of dif-
ferent types of knowledge, the following becomes evident:

Tacit knowledge is acquired through practice learning, but when, for example, the
developers explain how a task is solved, they reflect upon tacit knowledge. The situation
where a developer explains to other developers what he or she has done is scholastic learn-
ing. It is not the tacit knowledge itself which becomes explicit through scholastic learning,
but the developers who acquire new explicit knowledge. This is not the same as being able
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to solve a particular task. If other developers want to achieve the same tacit knowledge,
this can only happen through practice, i.e., they themselves must apply the explicit knowl-
edge in practice and participate actively in carrying out the task. Tacit knowledge and ex-
plicit knowledge supplement each other through reflection and application in practice.
Explicit knowledge can contribute to the acquisition of tacit knowledge through applica-
tion in practice. At the same time, tacit knowledge contributes to the acquisition of ex-
plicit knowledge through reflection and participation in multiple cycles of action. 

Explicit knowledge can contribute to the acquisition of tacit knowledge through ap-
plication in practice and through participation in practice learning. At the same time, tac-
it knowledge contributes to the acquisition of explicit knowledge through reflection and
participation in scholastic learning. This can be understood as a detailed description of
knowing as a learning process. Taking scholastic learning as a starting point, explicit
knowledge will always precede an eventual acquisition of tacit knowledge. Taking prac-
tice learning as a starting point, tacit knowledge will always precede an eventual acquisi-
tion of explicit knowledge. It is a question of whether one starts with scholastic or with
practice learning.

As a result, the theoretical framework can be presented in a model of sharing knowl-
edge, where communication consists of verbal and textual communication and active par-
ticipation in action. Learning comprises learning through scholastic learning, practice
learning and multiple learning cycles, and knowledge consists of explicit and tacit individ-
ual and explicit and tacit group knowledge.

The model for the sharing of knowledge shows that verbal and textual communica-
tion of information through social interaction and/or technical media contribute to indi-
vidual and group scholastic learning, which thereby contribute to explicit individual and
group knowledge. The model also shows that participation in action through social inter-
action and/or technical media contributes to individual and group practice learning,
which thereby contribute to tacit individual and group knowledge. In addition, the model
for the sharing of knowledge shows how multiple learning cycles and knowing contribute
to the acquisition of knowledge. 

6 Conclusions
In the research presented here, we have investigated how and which information is shared
in a software development organisation through communication via social interaction or
different types of technical media.

Our work resulted in a model of knowledge sharing which could be used to under-
stand and ultimately improve knowledge sharing in practice. Although some concrete ad-
vice for improving knowledge sharing could be derived from our analysis, the theoretical
framework and our study do not describe how the results of the analysis and the identified
areas for improvements could be transformed into concrete organisational or technical
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improvements, or which strategies organisations should be used use to improve the shar-
ing of knowledge. 

Problems related to the technical media are related to limited access to and quality of
information. The developers in the case organisation use or supplement them with social
interaction or other technical media which enable them to gain access to the information
or actions which are a prerequisite for their learning processes, and the acquisition of
knowledge which is necessary for them to carry out their tasks. How an optimal balance
between social interaction and technical media might look has to be decided from case to
case. This could be constructed with the aid of Hansen et al.’s (1999) work on codification
and personalisation strategies. In this context, it is necessary for future research to investi-
gate the relationship between the different types of knowledge in more detail in order to
clarify how this relationship can be used to improve the sharing of knowledge. 

Finally, the study shows that personal networks play a specific role in the sharing of
knowledge, as they link other forms of communication together and compensate for the
information which is not communicated through these other forms of communication.
The framework does not explain all phenomena related to personal networks with regard
to knowledge sharing, and future research based on the framework should thus aim to ex-
tend the framework.
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Making Sense of Project
Management

Annemette Kjærgaard, Karlheinz Kautz and Peter Axel Nielsen

1 Introduction
Managing knowledge in software development has been of interest to IS researchers for
quite a while. Examples are the experience factory (Basili and Green 1994; Rus and Lind-
vall 2002), the application of knowledge management theory to explain software process
improvement (Arent and Nørbjerg 2000; Baskerville and Pries-Heje 1999; Kautz et al.
2002; Mathiassen and Pourkomeylian 2003), and the role of knowledge in software firms
(Agarwal and Prasad 2000; Althoff et al. 2000). Nevertheless, the discussion on how to
manage knowledge in software development is far from finished and new proposals, as
well as lessons learned, are continually being suggested. It remains a problem, though, that
published research in the information systems field in general views knowledge as an ob-
jective commodity which can be collected, represented symbolically and processed like in-
formation (Dahlbom and Mathiassen 1993; Tsoukas 1998). As a consequence, the litera-
ture shows a certain preoccupation with information technology and technical solutions,
while it reflects a limited view of individual and organizational knowledge related process-
es (Swan et al. 1999). The practice of knowledge management is often reduced to the im-
plementation of new IT-based systems, procedures for documenting and sharing informa-
tion, and the documents themselves though there are examples to the contrary. By
focusing on externalisation and documentation of knowledge, important organizational
aspects, in particular human and social issues, can be overlooked.
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This chapter takes these issues into account and is based on a perspective of knowl-
edge and knowledge management as an ongoing sensemaking process (Weick 1995). Our
focus is on the process of creating a shared handbook for project management in software
development. By using sensemaking as the analytical lens, we explore how software devel-
opers make sense of the process of managing projects, and how this influences their per-
ception of what should be included in a shared handbook. 

Based upon an empirical study of this knowledge management process in a Danish
software development company, we provide insight into how developers make sense of
project management based on their construed realities (Isabella 1990). We discuss the val-
ue and relevance of taking a sensemaking perspective and suggest further use thereof. The
question which guided our research can be summarized as: What general understandings
of project management do the participants in the improvement project draw from when
they contribute to the handbook, and how do they make sense of its content and use?

This chapter is structured as follows. The next section presents our research approach
and methodology. The theoretical framework, which we use to analyse our empirical find-
ings, is described in section three, and the case company is introduced in section four. Sec-
tion five reports the analysis of the findings. Section six discusses the findings and contrib-
utes suggestions for future research. The final section addresses conclusions.

2 Research Approach and Methodology
The research presented in this paper is interpretive. It is based on an empirical case study
and action research in SpaceSoft, a Danish software company, where the development of a
project handbook was started as part of a larger project focused on software process im-
provement. The project handbook development project was conducted in order to im-
prove SpaceSoft’s project management practices and to support knowledge sharing
amongst the project managers. The project ran for more than 12 months with the first
version of the handbook presented after eight months. Our research comprises this time
period, but also includes a larger contextual study and other improvement projects.

The study is process-focused (Pettigrew 1997) where we study the process of devel-
oping a project handbook rather than the project handbook itself.  The study adopts a
process perspective in which the process of developing the handbook is defined as “a se-
quence of individual and collective events, actions and activities unfolding over time in
context” (Pettigrew 1997, p. 338).

The roles and length of stay in the field have varied for the three authors of this paper.
One author was involved in the project as an action researcher throughout the three-year
period (Iversen et al. 2004; Mathiassen 2002; McKay and Marshall 2001). This author
was involved in development of the handbook from the very early stages of the project, al-
though he did not contribute to the actual writing process of the handbook. A second re-
searcher participated as an action case (Braa and Vidgen 1999) or involved  researcher
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(Walsham 1995) for three months, contributing primarily to the interpretation of the
case as sensemaking. A third researcher acted as an outside observer of the case study
(Walsham 1995) and primarily contributed to the analysis of the data. The combination
of intervention, interpretation and collaboration between the three researchers with dif-
ferent levels of involvement was chosen to bring interpretive rigour to the project and to
introduce new analytical perspectives on the case (Madsen et al. 2006). This research de-
sign counters the criticism of action research which suggests it can be easily reduced to
mere consultancy (Baskerville and Wood-Harper 1996).

2.1 Data Collection
The project handbook development process was part of a research collaboration project.
It was undertaken by several project managers appointed by the CEO, the CEO himself
and three action researchers.

Data was collected through active participation in the development process as well as
through written documents. 

Active participation took place during meetings held at regular intervals, typically
once a month. During these meetings the action researchers captured data by participat-
ing and observing, while at the same time taking notes. Data was also collected at informal
meetings and in corridor talks which enabled a fuller understanding of what was discussed
at the meetings, as well as of different participants’ opinions about the process. These
were important insights that we would not have gained from exclusive participation in the
formal meetings.

A variety of written documents were collected, such as: the original project proposal,
drafts of the handbook, email correspondence, minutes of meetings, company docu-
ments, as well as project reports and deliverables. These documents provided vital infor-
mation of a more formal nature not only on which decisions had been taken and what the
background was and plans were, but also how these changed over time during the project.

2.2 Data Analysis
In line with the interpretive approach, the analysis of the project handbook development
process came about through an iterative process of interpretation and comparison of the
data, based on the use of the analytical lens of sensemaking (Weick 1995); this forms the
basis for the theoretical framework (Kjærgaard and Kautz 2008) to be presented in the
following section. The analysis was conducted in two stages.

The first stage took place during the process where the participating researchers con-
tinuously analysed the development process and used this analysis to intervene and to sug-
gest new actions. Throughout the process, the participating researchers discussed their
observations and possible interventions in the process in order to construct a more coher-
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ent view of the development. In cases of misunderstandings of the process, the researchers
actively sought to solve issues or clarify inconsistencies in perceptions.

In the second stage of the analysis, we explicitly sought to map the sensemaking pro-
cess of the case onto the process model of knowledge management as organisational sense-
making (presented in section 3). Every discrepancy between the case and the model in this
initial mapping was discussed at length and in such detail that it could be resolved. In ev-
ery instance where a significant interpretation of the case did not immediately fit well into
the framework, great care was taken not to force the case and our interpretation onto the
framework, which is presented next.

3 A Process Model of Knowledge Management as 
Organisational Sensemaking
To analyse the data, we use a process model developed in an earlier process study of estab-
lishing organizational knowledge management (Kjærgaard and Kautz 2008). The model
was constructed to understand knowledge management as an organizational sensemaking
process unfolding in the interplay between collective understandings of the organisation
and individual members’ meaning construction. In this study we use the model to explore
the sensemaking processes which were in play in the process of constructing the project
management handbook at SpaceSoft.

The model explains knowledge management as a sensemaking process unfolding in
the interaction between collective and individual cognition over time.

The model operates with two sub-processes of the knowledge management process,
creating and negotiating, each of which has a dominant construed reality as well as a set of
cognitive processes. Further, a triggering event of collision between expectations and experi-
ences marks the transition from one process to the other. Although there is no specific in-
dicator for time, the change from one stage to another indicates that the process unfolds
over time.

The process model is shown in figure 1. The top layer of the model shows the organi-
sational members’ dominant frame of reference at the two stages of the process: creating
and negotiating. These construed realities (Isabella 1990) are collectively held perceptions
of how to behave in the organization. A construed reality is an assembly of more or less
connected pieces of information and beliefs, which together form a picture that confirms
or constructs a reality (Isabella 1990).

From a sensemaking perspective, the construed reality can be seen as constituting the
frame which forms part of the meaning construction equation in sensemaking. The frame
in sensemaking is described as an overall paradigm or shared understanding to which cues
are related to create meaning (Weick 1995). Frames tend to be past moments of socialisa-
tion which relate present moments of experience (cues) to create meaning. According to
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Weick (1995, p. 111), meaning is created if a person can construct a relation between past
and present moments, “The content of sensemaking is to be found in the frames and cat-
egories that summarise past experience, in the cues and labels that snare specifics of
present experience, and in the ways these two settings of experience are connected.” 

In the model only one construed reality is shown as the cognitive frame in each of the
sub-processes of creating and negotiating. However, more construed realities can co-exist
(Pratt and Foreman 2000; Smircich and Stubbart 1985). What we refer to in the model is
therefore the dominant construed reality in each sub-process.

The bottom layer of the model shows the cognitive processes at the individual level,
i.e., the cognitive processes which form the organisational members’ sensemaking and
meaning construction. The arrows from the construed realities to the cognitive processes
show that the individual processes are influenced by the collectively held understandings
of the organization.

The cognitive processes in the first period of creating are based on the understanding
that members notice particular parts of the ongoing flow of information that they are ex-
posed to continuously. Weick explains this as belief-driven sensemaking which is the ef-
fort to create meaningful action based on ‘expecting.’ According to Weick, beliefs are ob-
vious anchors in organisational sensemaking and they are found in ideologies, cultures,
scripts, and traditions (Weick 1995, p. 155). Expectations tend to be very directional in
their operations and severely filter the input, thus influencing what is being noticed. Ex-

Noticing

Interpreting

Enacting

influences

Negotiating

Adhering
Adapting

Abandoning
Ignoring

Construed 
Reality1

Construed 
Reality2

Expectations

Experiences

Creating

oc
ca

sio
ns

tri
gg

ers

Cognitive 
Processes

Cognitive Frame 
of Reference

Triggering 
Event

influences

Noticing

Interpreting

Collision

Figure 1: Basic flow of the process model of knowledge management as processes of sensemaking, from 
(Kjærgaard and Kautz 2008) 



76 ______________________________________________________Making Sense of Project Management
pectations are building blocks for the construction of an object which is subsequently no-
ticed as real. According to Weick, “…[w]hen perceivers act on their expectations, they may
enact what they predict will be there. And when they see what they have enacted, using
their predictions as a lens, they often confirm their prediction” (Weick 1995, p. 152). In
this respect, sensemaking is as much about plausibility and coherence as it is about accura-
cy.  

What organisational members bracket out of the ongoing flow in the creating process
is based on the dominant construed reality which guides their noticing (Weick 1995). Fol-
lowing this, they interpret the noticed information drawn from the construed reality,
which they then enact. The arrows from the cognitive processes pointing back to the con-
strued reality show that the process of enactment confirms and strengthens the construed
reality. This cyclic process can be seen as a process of thinking in circles or a self-fulfilling
prophecy (Weick 1979; Weick 1995).

Intermediating the two sub-processes of the knowledge management process and the
two layers of cognitive processes, is a collision between expectations and experiences. It is
the members’ perception of dissonance between expectations and experiences which cre-
ates uncertainty and triggers the members to pursue stability by establishing a new frame
into which their experiences fit. In sensemaking terms this collision between expectations
and experiences can be referred to as an occasion for sensemaking or a shock (Weick
1995) which triggers a more intense process of meaning construction in order for the
members to reinterpret the dominant construed reality or to create a new??

Although sensemaking is a continuous process, it can intensify in two types of occa-
sions which can cause a ‘shock’, and thereby initiate an instance of sensemaking in organi-
sations: ambiguity and uncertainty (Weick 1995, p. 91). Both types of occasion create an
interruption in an ongoing flow, although the ‘shock’ is different in the two types. Ambi-
guity is the situation where “the assumptions necessary for rational decision making are
not met” (Weick 1995, p. 92). The problem here is not that the information is insuffi-
cient, but that more information may not resolve the misunderstandings. In layman’s
terms, ambiguity may be referred to as confusion. Uncertainty, however, governs when
there is a lack of knowledge, and it might thus be resolved by gaining additional informa-
tion. Simply said, uncertainty can be referred to as ignorance.

Basically any kind of experience can serve as an occasion for sensemaking as long as it
is unexpected and creates a gap between the way things are and the way they ‘should have
been’ (Hansen 2002). Some occasions initiate unconscious sensemaking (automatic sense-
making) and some initiate conscious sensemaking. In both cases the important point is to
understand what happens in the sensemaking process which might have implications for
the subsequent meaning construction which guides further action and sensemaking of a
situation.

The cognitive processes in the second period of negotiating are more ambiguous than
those of the first period as they are influenced by a new construed reality which dominates
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but has not necessarily replaced the construed reality of the creating process. Whereas
sensemaking in the creating process is driven by beliefs in the form of expecting and argu-
ing, sensemaking in the negotiating process is based on action as well as beliefs. The action
which guides sensemaking in the negotiation process is primarily of the members’ own
creation (sensemaking as committing). The basic idea behind sensemaking as committing
is that by committing an action, the action is made irrevocable and thus more difficult to
change than the beliefs about that action. Commitment thus “imposes a form of logic on
the interpretation of action” (Weick 1995, p. 159). Commitment, on the one hand, re-
duces flexibility, learning and adaptation because it makes withdrawal difficult; thus,
commitment slows adaptation to change. On the other hand, commitment makes it easi-
er to get things done, as it focuses the social construction of reality on those actions which
are high in choice, visibility and irrevocability (Weick 1995, p. 162). By creating the initi-
atives on the basis of the first dominantly construed reality in the creating process, the
members commit themselves to this action. In the negotiating process, this commitment
brings the members to search for explanations to make sense of their own actions.

Depending on which of the construed realities dominate their sensemaking process,
the members create meaning out of their experiences and subsequently act upon this
meaning. The cognitive processes in the process of negotiating thus reflect the extent to
which the actors adapt, adhere, ignore or abandon their actions.

One possible reaction is that members adapt their beliefs to the new construed reali-
ty and consequently adjust their activities to better fit the new situation. Adaptation in
this situation is a classic learning situation where members’ experience becomes encoded
into the construed reality as a realisation of the incongruence between expectations and
experience. Learning can be seen as having taken place by the updating of their view of re-
ality.

Alternatively, members adhere to the construed reality dominating the creating pro-
cess. Whereas the process of creating is based on members’ expectations and thus has be-
liefs as the driving substance of the sensemaking process, a dominant element of the nego-
tiating process is the actions themselves. In other words, members make sense of a situa-
tion that they have created themselves, resulting in what Weick (1995) refers to as an ac-
tion-driven sensemaking process of committing to one’s own actions.

A third response is to ignore experiences and simply try again. Where the processes of
adapting and adhering both entail continuation of the action generated in the creating
process, the process of ignoring entails discontinuation of this action. Members make
sense of their lack of success by blaming their own inadequacy to create good enough ini-
tiatives for management to accept. Thereby they still draw from construed reality, but dis-
continue the action.

Finally, members may accept the new reality and abandon the action, acknowledging
that it does not fit the new construed reality. By abandoning the action, members accept
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that the organisation has changed and that the previously proposed ideas do not fit the or-
ganisation any longer.

In the next section the empirical findings from our study are analysed using the
framework of knowledge management as sensemaking.

4 Case Description: SpaceSoft
We carried out our empirical studies in the company, SpaceSoft, which develops software
as a subcontractor to the European Space Agency (ESA). SpaceSoft develops a wide range
of dedicated software for on-board, micro-gravity, verification and validation, ground sta-
tion control, and check-out systems. 

The company, founded in 1992, is a rather old company in the software development
business, and it has lived through many changes. Most of the company’s software develop-
ers have a M.Sc. in engineering or computer science. A considerable number of software
developers have developed software for the space industry for many years and are quite ex-
perienced with the particulars of space products. An equal number of software developers
have little experience within the space industry, but rely on experience from other do-
mains of software development.

In 2002 SpaceSoft decided to focus on improving its software processes and entered
into a collaborative research project called Software Processes and Knowledge. The initia-
tive to improve software processes started with a traditional, although light-weight, assess-
ment of the current software processes, based on the understanding of the action research-
ers that improvement should be initiated with an assessment, (Mathiassen et al. 2002) al-
beit not necessarily with a formal and model-based assessment (Iversen et al. 1999). Space-
Soft’s current software processes were compared informally to the processes in the
Bootstrap model (Kuvaja 1999; Kuvaja et al. 1994). The result indicated significant dis-
crepancies between the Bootstrap model and the company’s current software processes
and practices. This led to a decision to prioritize improvement of requirements engineer-
ing and project management although other processes were also in need of improvement.
The focus of this paper is on how SpaceSoft addressed improvement of project manage-
ment.

The European Space Agency has numerous standards that its subcontractors, includ-
ing SpaceSoft, must comply with. A number of these are process standards, and SpaceSoft
has in the past dealt with the issues of compliance uniquely in each development project.
The ESA standards are quite complex. They form a hierarchy of standards, with the levels
of details in instructions varying considerably, as well as whether instructions are required,
recommended, or optional. Thus, the documentation of compliance is never trivial and it
requires project managers to be well-read in the many ESA standards. This led to the first
idea for improvement, namely, that a new and improved project management process
should be documented in a handbook. The handbook needed to be compliant with the rel-
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evant ESA standards; it was expected that it would be much easier to document the com-
pliance when project management was performed in accordance with the handbook
guidelines.

It is SpaceSoft’s declared strategy to deliver fixed-priced software on time. The CEO,
in particular, expressed a deep concern for achieving this goal and was very clear in main-
taining that all improvement activities should be directed at this. There was a strong belief
among some of the experienced project managers and the CEO that SpaceSoft was al-
ready applying a number of best practices, i.e., established practices within the discipline
and within the industry. This belief was also confirmed by SpaceSoft already being in
compliance with the ESA standards, as these standards would then inherently reflect the
best practices within the software space industry. This led to the idea that the software
processes for project management should encompass these already existing practices.
Thus, although they already knew what to do, it was just not documented in a shared
handbook.

Other project managers questioned the need for improvement; they wondered
whether their industry-best practices just needed to be enacted by project managers, thus
eliminating the need for improvement. Their argument was that not all project managers
had the necessary training in these processes; given this lack of competence, some training
and education was necessary, especially for new project managers. This led to the idea that
a project manager education programme should be established, based on the new and im-
proved processes.

The improvement project started with a series of workshops with the purpose of: 1)
designing and writing a handbook for project management and 2) designing a training
course for the use of the handbook. In the workshops, three to five experienced project
managers participated, together with the CEO and two to three action researchers. 

During the first workshop, the (sub)processes of project management were identi-
fied. This identification was based mainly on the project managers’ experience and sec-
ondarily on the ESA standards. Some of these processes were easily written by one to two
project managers and they never led to any controversy in later workshops. A few signifi-
cant processes were very difficult for the project managers to write. Although the design
goal for the handbook was to be brief, they eventually drafted quite complex process de-
scriptions, which were then heavily criticised by other project managers at later work-
shops. This led to much iteration over the process descriptions where sections were ex-
panded and condensed several times, while the core ideas of the processes were constantly
negotiated during the workshops.

The handbook was designed, written and reviewed in these workshops, but the aims
of the workshops changed during the progress of the project, with some attention direct-
ed to related problems. The training course was never designed, and the handbook gradu-
ally expanded its scope to become a handbook for software engineering processes as well.
The workshops were never chaotic, but there was disagreement about various issues. Most
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disagreements were overcome and problems were solved. However, a fundamental issue
arose and gradually caught the attention of the participants during the last workshops.
This issue was a concern for where the project managers’ knowledge came from and how
they could share this knowledge.

This issue arose from the participants’ experience that there were two groups of pro-
cesses: (a) the ‘easy processes’ which were easy because the project managers and the CEO
shared the knowledge necessary to perform and describe the processes, and (b) the ‘diffi-
cult processes’ which were difficult because the participants did not share the necessary
knowledge for writing the procedures. A few of the project managers and the CEO in par-
ticular were of the opinion that the handbook should be written and formalised, and that
all project managers should then perform the formalised processes based on the instruc-
tions in the handbook. Other project managers held the view that the handbook should
be more than a set of instructions; it should also contain explanations that would enable
project managers to perform the processes. 

To analyse these differences in more detail, we use a framework of knowledge man-
agement as sensemaking.

5 Analysis
The theoretical framework, presented in section three, enabled us to analyse our data from
a knowledge management perspective, focusing on how participants made sense of the
handbook as a means for process improvement.

In the first period of creating the handbook, two differently construed realities were
at play. First, there was the construed reality of the CEO in which he viewed the project
management processes as mere descriptions that project managers were to follow rigorous-
ly. This construed reality became apparent during the workshops when we heard the CEO
speak of why he wanted a handbook developed in the first place. Earlier in his career, the
CEO had been an experienced project manager and, based on his own experiences, he
challenged the project managers to manage projects in a much stricter way than they had
previously done. His argument was that “if he could do it, they could as well.” The CEO’s
construed reality bracketed his view of project management in SpaceSoft and guided what
he noticed and interpreted and subsequently enacted. As a consequence, his contribution
to the handbook reflected an emphasis on what plans and procedures should be followed
in the project management process.

Second, the project managers generally shared a construed reality deeply rooted in
their day-to-day experience with project management. Included in this experience were
past projects which had been late, changing requirements negotiated with ESA managers,
and plain difficulties of delivering products at the agreed time with the agreed features. To
these project managers it did not make sense to simply stick to plans and follow proce-
dures. Whenever problems in projects arose they rarely experienced alleviation of the



Analysis ____________________________________________________________________________ 81
problems by adhering to the plan or by re-planning. To them, the problems were usually
unanticipated, for example, they may have unknowingly allowed the ESA manager to in-
troduce the trouble, or a technical issue proved to be a much bigger risk  late in the project.
These project managers believed in planning, but only to a limited extent. In their notic-
ing and interpreting of events and problems, they relied therefore only to a limited extent
on plans and procedures, because a much stricter process did not make sense to them.
What they enacted, when constructing the handbook, was therefore a much more flexible
view of project management as a constantly changing process, which could not be con-
trolled by plans and procedures.

During the first workshops both of these construed realities influenced the discus-
sions and the development of the project management handbook. The different ways of
interpreting and enacting the contents of the handbook were based on different con-
strued realities which led to much confusion in discussions that could not immediately be
reconciled. Gradually, it became apparent that in the common wish to develop the hand-
book, participants experienced a collision between how the project managers and the
CEO perceived project management in software development. The CEO expected the
project managers to be able to avoid project overruns and maintain the initially negotiated
budget and thus contribute to profitability of the company as a whole. The CEO and the
project managers believed from experience that there had been too many incidents in the
past where these expectations had not been fulfilled. However, the project managers
found the CEO’s expectations to be less realistic and thought that he was not dealing with
the kind of trouble that they were facing. 

Only gradually did this collision lead the workshop participants to realize that the
views embedded in the project management handbook needed to be negotiated. During
the negotiation process the CEO and the project managers generally came to share a con-
strued reality in which there was a sense that the project managers already had the compe-
tence to perform most of a project manager’s tasks. However, it was also acknowledged
that sometimes the CEO had to insist upon contracts and agreements to be adhered to,
and that plans were agreements between a project manager and the CEO. Moreover, an
understanding emerged that project managers needed to use all possible means (e.g., writ-
ten documentation, plans, checklists, procedures) to remember all important and relevant
issues because forgetfulness and lack of anticipation were bound to lead to troubled
projects. This negotiation of ‘reality’ is illustrated by three examples in the PM handbook:
a technique for estimation, a template for a project plan, and a procedure for shipment,
described in greater detail below.

5.1 A Technique for Estimation
A huge debate arose when the first draft of how to conduct estimation in projects was re-
viewed. The draft included several important concepts of estimation, gave a number of
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techniques and ended by promoting a 3-point estimation, which was then explained in
some detail. The draft was written with the intention of explaining estimation techniques
also for those that had not previously seen nor applied estimation techniques. At that time
the most common way for project managers to estimate was guessing based on the project
manager’s past experience, but there was significant variation in how the project managers
estimated projects and tasks. The draft was briefer than a standard textbook on software
engineering, but it covered similar content. During the discussion there was a strong feel-
ing that these techniques would not improve the estimation accuracy, but also that the
draft was either too detailed for those who already knew the techniques or too abstract for
those who did not. After a long discussion the author of that draft section was persuaded
to rewrite it. 

At a later workshop the second draft was discussed. That draft contained only the
recommended 3-point estimation and a brief terminology on different estimates used by
both ESA and SpaceSoft. It was evident that for new project managers the PM handbook
could not substitute training in estimation, but it did provide the necessary common
ground and it was compliant with ESA standards.

At the final approval of this section of the handbook the construed reality had
reached a state in the project managers’ perception where they were very likely to adhere
to this part of the process. 

5.2 A Template for a Project Plan
The project plans differed significantly. ESA did not require a particular way, nor did
SpaceSoft internally. Most of the differences between project plans could not be explained
by the difference between the projects’ conditions and content. There was a genuine de-
sire among the project managers to formulate a template that would remind the project
managers of what was important in a project plan. This was strongly supported by the
CEO. The CEO particularly wanted the project plan to be viewed as a contract between
him and the project manager. They should go through the details in the project plan be-
fore it was approved and it should be monitored and discussed at regular meetings be-
tween the CEO and the project manager. It was important that there was agreement on
what the contents of a project plan should be. After this was clarified during the second
workshop, it was relatively easy for the author of this section of the handbook to rewrite it,
and it was later approved. 

The template in its final form would stipulate headings and contents in the project
plan, but it would also stipulate the stages the plan needed to go through (e.g., draft, ap-
proved) and how the project manager and the CEO would discuss the monitoring of
progress. By the end of the last workshop there was agreement among the project manag-
ers that the template was highly relevant and that they would begin using it. It was very
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general and in every instance where it was to be used it had to be adapted to suit the spe-
cific needs of the project.

5.3 A Procedure for Shipment
There had been several incidents in the past where projects had not been able to deliver
products to the customer on time or with items missing due to troubles with packaging
and shipment. A procedure was suggested by the CEO that would ensure, in detail, that
all possible problems in the final shipping were taken care of in due time. The procedure
included very detailed instructions, e.g., on shipping of hardware in wooden boxes if nec-
essary, on customs clearance and on assembly manuals. At first the project managers
found it much too detailed. It was in sharp contrast to other parts of the handbook where
many details had been left out. After much discussion it was evident that the procedure
was really to be viewed as a checklist. A checklist had the advantage of reminding a very
busy or otherwise forgetful project manager of small, but crucial issues to deal with in due
time.

The difference between the procedure for shipment and the technique for estima-
tion is that shipment is a routine task, but it can be harmed by forgetting just a small part.
Estimation, on the other hand, is not routine and appropriate estimation relies on the
project managers’ competence and experience. It cannot become routine to the same de-
gree. After the realization that the handbook could easily contain several types of process-
es—some highly dependent on competence and some highly routinized—the project
managers agreed to adhere to the procedure. 

6 Discussion
The handbook consists of elements varying from procedures to be followed to general
guidelines that require the project managers to possess considerable knowledge and com-
petence in advance.

Our case shows that the view that the project management handbook is seen as an
externalisation of the project managers’ knowledge about project management is too sim-
plistic. While the project managers’ knowledge does indeed contribute to the handbook,
this knowledge is far from unequivocal and in some cases it clashes with the knowledge of
the CEO. The case shows that the participants in the project drew from different con-
strued realities of what project management should be and had been in the past. These
differently construed realities pointed to what they believed to be central or important
about project management and thus what should be included in the handbook. In other
words, they did not see what the others saw as important about project management, and
it is doubtful whether the handbook would have been of any use to them, if they had not
been through a process of collective sensemaking to create a shared construed reality, giv-
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ing sense to the content of the handbook (Gioia and Chittipeddi 1991). The findings
from the case suggest that the sensemaking process is a vital part of the process of con-
structing a handbook. By analysing how the participants’ sensemaking processes unfolded,
a more complex understanding was created of how the participants perceived the hand-
book and, as a result, what they suggested it should contain. 

Another related issue, which became apparent in the study, was the consequence of a
predominant rational understanding of project management combined with a likewise
predominant rational understanding of knowledge management. Project management
and also software process improvement in software engineering is often presented through
a very instrumental view on knowledge management. Knowledge management is taken to
be a question of what should be stored in a database and how the data in the base should
be searched (Althoff et al. 2000; Conradi and Dingsoyr 2000; Lindvall et al. 2001). There
has already been some critique voiced on this view based on a theoretical stance (Aaen et
al. 1998). For example, our case study shows from an empirical stance that the handbook
as a storage of knowledge is very limited and misses the significance of the project manag-
ers’ experiences and competencies. The same can be said about knowledge management
where a technical-rational understanding has also dominated (Swan et al. 1999). The con-
sequence of this was also apparent in our study where the rational approach to project
management, primarily promoted by the CEO, led to an overly rational approach to
knowledge management. Knowledge management was initially limited to focus on the
process of externalising the participants’ knowledge into written procedures and thus
brought about a rather simplistic view of what forms of knowledge are important in
project management. It also led to a rather ineffective knowledge creation process. Howev-
er, triggered by the collision of this approach with the project managers’ experiences, the
negotiation process brought to light a more complex reality. This reality was subsequently
externalised to a certain extent, but, as explained by Tsoukas (1996), acknowledging that
explicit and tacit knowledge is intrinsically interrelated and mutually constituted, and that
all knowledge thus has a tacit dimension, it more importantly becomes part of the group’s
tacit knowledge.

Also, some implications for practice can be drawn from the study. Our empirical
findings point to the issue of who takes ownership of the handbook and its contents. Ide-
ally, the CEO and the project managers together should take responsibility and this is of-
ten assumed to be the case in organizations which decide to create some form of knowl-
edge repository. However, our analysis shows that ownership has to be negotiated between
the contributors to the handbook in a process of collective sensemaking. In other words,
our findings indicate that the negotiation process is itself important for making clear what
understanding of reality guides the contributors’ contributions to the handbook. By fo-
cusing on the process and the ongoing negotiation, a much more complex understanding
of what is knowledge emerges.
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7 Conclusion
The case and the analysis illustrate a set of complex knowledge processes that the frame-
work has helped us untangle. The types are briefly summarised as the creation and negoti-
ation of knowledge. Where creation of knowledge initially relied on how the participants
made sense of project management based on their own construed realities, the negotiation
of knowledge invoked a renewed sensemaking process. In the negotiation process the par-
ticipants reconsidered their construed realities and constructed a new shared construed
reality based on social interaction, which helped them to make sense of the various ap-
proaches to project management, which were held among the participants of the group.

In conclusion, our findings show that by applying a sensemaking framework, we gain
a better understanding of the complexity involved in creating a shared object for knowl-
edge management in software development. Whereas the dominant view in the IS litera-
ture on knowledge management still focuses on the externalization of knowledge, the sen-
semaking framework enables us to understand what general understanding the partici-
pants draw from when they contribute to the creation of organizational knowledge. The
sensemaking framework and the analysis of our case may have crucial effect on software
development and software process improvement. The conclusion is that an improvement
effort needs to go through the two processes of creating and negotiating. 
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Mapping Knowledge Flows

Karlheinz Kautz and Bo Hansen Hansen

1 Introduction
The theme of this book is the importance of knowledge for the improvement of software
development. Software process improvement (SPI) is concerned with strengthening soft-
ware development capabilities, which for us means that one primary task of SPI research is
to strengthen the knowledge managing and sharing capabilities of software development
companies (Hansen and Kautz 2004).

With this background, this chapter presents a means for identifying and analyzing
how knowledge flows through an organization. We have developed this technique for
mapping knowledge flows between organizational actors and assessed its applicability in a
pilot experiment in Systematic Software Engineering (SSE), see also chapter 11. In the ex-
periment we tested and evaluated one way in which the technique could be used to ana-
lyze an organization’s knowledge sharing capabilities; thus, it points to opportunities for
improvement and provides recommendations for how it can support SPI based on knowl-
edge management.

The chapter is organized as follows. The next section presents the research back-
ground and approach.  In section 3 the mapping techniques is introduced and section 4 in-
cludes the description of the pilot application and experiment of the technique. The ex-
periment is briefly discussed in section 5 after which conclusions are provided.
89



90 ______________________________________________________________Mapping Knowledge Flows
2 Research Background and Approach
The starting point for the development of the technique was the insight that improving
knowledge management and knowledge sharing leads to improved software development
practices, see chapter 4. We were therefore looking for a technique to analyze how knowl-
edge is shared, to determine which sharing mechanisms work well and how to resolve the
problems that result from knowledge sharing. The term knowledge flow was coined to ex-
press the belief that knowledge that is shared by many individuals beyond close working
relationships in different organizational units and on different organizational levels “flows
through an organization” (Hansen and Kautz 2005). 

The development and test of the technique took place during a ten month period. In
a pilot experiment the concept, technique and application were developed in close collab-
oration between researchers and the employees of the Danish software company SSE. It
followed a research approach inspired by collaborative practice research (CPR)  (Mathias-
sen 2002). The CPR approach is based on a three step repeatable process. First, the under-
standing of a subject area is achieved through collection and interpretation of data, in our
case the insight that we both lacked an appropriate understanding of the organization’s
knowledge sharing capabilities and an appropriate means to achieve such an understand-
ing.  Second, on this basis, support is designed which, in our case, led to the technique for
mapping the knowledge flow (further described in section 3). Third, through interven-
tion the designed support means are applied to prove their value and to enhance practice.
For this purpose, we performed an experiment with the technique (see section 4). As in-
put to the experiment we collected data from eight semi-structured interviews with em-
ployees from all organizational levels. Further, we analyzed artifacts which were used by
SSE, such as templates for reports, manuals describing organizational processes, computer
based tools, etc. In addition, one of the authors was present in SSE once a week and partic-
ipated in the daily routines. This gave him a deeper understanding of the organization and
its culture, which also served as input to the mapping experiment. 

In CPR the outcome of such a research effort can be used as a basis for a new under-
standing and then trigger further research cycles. This was also the case here (see subsec-
tion 4.3 and Hansen 2009).

3 The Mapping Technique 
Mapping techniques have long been used to analyze problem areas which have not been
understood by different stakeholders. In this context, maps are defined as being “an inter-
pretive description of a situation” (Lanzara and Mathiassen 1985) and are, as such, an in-
terpreted model of reality; that is, a map consists of selections of relevant details of the
mapped situation and provides information about what the mapmaker(s) find(s) relevant.
Maps provide the possibility of gaining an understanding of a complex problem situation
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and, at the same time, facilitate a common understanding of specific issues among differ-
ent stakeholders. 

Concepts maps (Novak 1998), for example, are used to represent and organize
knowledge of a particular topic. In concept maps, concepts are represented hierarchically,
with the most general and inclusive one on the top and the more specific, less general ones
underneath. Daley (2004) suggests that concept maps can be used to represent qualitative
data at different levels of analysis. This has been taken up by Slaughter et al. (2006) to
map different types of software development processes. The hierarchical ordering princi-
ple is, however, a serious limitation of conceptual maps when complex phenomena are to
be mapped. 

This is, to some extent, also valid for causal maps (Armstrong 2005) where concepts
are ordered in networks from right to left to indicate causality. While this might be help-
ful for straightforward problems, for complex phenomena the search for causality might
limit the analysis. 

Recently Pries-Heje (2004) has introduced a knowledge mapping technique for IT
projects. He uses matrixes to match knowledge needs with knowledge sources. The tech-
nique distinguishes knowledge needs in the areas of business, technology and project
work, but concentrates solemnly on people as knowledge sources. A representation of the
complex organizational relationship of individuals, groups, organizational procedures, IT
systems, artifacts, reports, etc., in knowledge flows, however, requires a more holistic ap-
proach to both the collection of data as input for the maps and its representation in the
maps. It also has to allow for generalization based on specific issue expressed by different
stakeholders, as well as for interpretation and negotiation. 

The technique to mapping knowledge flows presented in this section has its origin in
systems thinking (Checkland 1981; Checkland and Scholes 1990) and its well-known
technique for visualizing and understanding complex problem situations called rich pic-
ture technique.  A rich picture is defined as “the expression of a problem situation com-
piled by an investigator, often by examining elements of structure, elements of process,
and the situation climate” (Checkland and Scholes, 1990). A rich picture seeks to outline
a holistic presentation of a problem situation.

The rich picture technique requires a thorough data collection, for example, based
on interviews with representatives of all involved stakeholder groups. A rich picture con-
tains different viewpoints, potential disagreements or conflicts allowing for multiple per-
spectives at one time. The technique allows for both insiders and outsiders to draw a com-
plex human activity system in a picture. The technique does not favor one way of actually
drawing over another, but leaves this to the picture creators. However, the basic elements
characterizing the situation have to be visualized for the picture to serve as a means of
communication. Even if all those involved do not understand the picture in the same way
as the creators or as it was intended, the drawing itself serves as an enabler for a discussion,
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which may support the development of a common understanding of the problem situa-
tion.

Our mapping technique is also inspired by the earlier work of Lanzara and Mathias-
sen (1985) on mapping problematic situations within software development projects.
They distinguish diagnostic, ecological, virtual and historical maps. A diagnostic map con-
sists of a root-cause analysis in which the mapmakers discuss experienced problems and
seek causes and effects to find alternative approaches to avoid problems. Ecological maps
outline the connections between problems and the organizational context of the prob-
lems. Virtual maps outline desirable future situations. Historical maps have a retrospective
perspective as they map the past; a previous situation is described with respect to its key
events to learn what might be critical factors in a similar future situation.

An important aspect with regard to map making is to acknowledge the map-making
process itself as an important part of the result. The maps are the tangible results, but
those involved in the creation process learn about each other’s viewpoints and beliefs, and
the process thus facilitates the exchange of opinions, the sharing of knowledge, and the de-
velopment of a mutual understanding.

To analyze the knowledge flows in an organization, we utilize the strengths from
each of these techniques. The resulting map of the knowledge flows and its constituting el-
ements we call a map of knowledge flow or, in short, a knowledge map. The term knowl-
edge map is widely used in different contexts. When we searched the term ‘knowledge
map’ on Google in October 2004 we had 24,800 hits returned. Examples of knowledge
maps include tools to support mind mapping, category-based indexing, and alternative
methods of text representation. However, it also fits our purposes. 

The rich picture technique provides the ability to visualize the different knowledge
elements in a single drawing, while mapping techniques provide different analysis ap-
proaches for the actual drawing process and the drawing itself. A knowledge map thus
consists of the elements from a rich picture: elements of structure, elements of process,
and a representation of the climate within which these two exist. Whereas the actual
choice of drawing symbols is not important, it is important to choose representations that
are understandable, and direct the viewer’s attention towards the relevant elements of the
experienced practice.

The structural elements of a knowledge map constitute the basic nodes of the map.
They consist of the different actors and groups involved in the organization which com-
prise the formal organizational constructs like the organizational units, project teams, in-
dividuals, etc. Important artifacts regarding the flows also have to be considered, for exam-
ple, reports or software tools like an error reporting system. Knowledge ‘storage bins’
(Walsh and Ungson 1991) are also good candidates for structural elements in the knowl-
edge maps. According to Walsh and Ungson (1991), knowledge is stored in the following
six bins: (1) in the organization’s individuals, i.e., in their belief structures, their memory
stores, and in their personal records and files, (2) in the organizational culture, i.e., in the
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way employees are taught by the organization to perceive, think, and feel, (3) in the trans-
formations in the organization, i.e., in the actual transformation processes carried out in
the organization, e.g., in standard operating procedures, (4) in the organizational struc-
ture, i.e., in the roles and rules constituting the organization, (5) in the ecology, i.e., in the
physical layout of the organization, and (6) in so called external archives, e.g., governmen-
tal regulations, and former employees.

Wenger’s (1998) description of communities of practice points to another impor-
tant component of knowledge flows. He emphasizes that it is the belonging to several
communities of practice that constitutes people’s worldview and thereby their capabilities
to understand the environment they see. Wenger refers to the communities as containers
of competencies. The competencies evolve inside the communities, but are also ex-
changed at the boundaries between various communities. According to Wenger, the com-
munities of practice, the boundaries between them, and the communities’ members’ iden-
tities play an important part in the social learning systems that constitute, among other
things, an organization. This suggests that any representation of knowledge and knowl-
edge flows is incomplete without depicting communities of practices and the interactions
within and between them. Thus, groupings of employees, formal and informal, and their
roles, formal and informal, constitute important elements of such descriptions together
with the flows of knowledge that exist within, as well as between, these groups.

The central process elements of the knowledge map are the knowledge flows, i.e., the
communication and the exchange of information, etc., which flow directly and indirectly
between the structural elements. The flows constitute, in the terms of Huber (1991), the
basis for knowledge acquisition, information distribution, information interpretation and
organizational memory. A flow comprises of interaction between various structural ele-
ments, and can consist of informal discussions, as well as of, for example, strictly formal
half-year reports; what is important is that some actor acknowledges it as a means of
knowledge exchange. Some flows are bi-directional, and some unidirectional, and some
might be both, depending on who defines them. The flows can differ with respect to their
frequency and the amount of information they contain, both important features to pro-
vide an understanding of the overall flow between various elements. It is useful to model
the types of knowledge contained in a flow. The importance ascribed to flows by different
stakeholders is also a significant feature as it can bring potential misalignments into the
open.

Knowledge flows are also related to learning and learning cycles. Learning occurs in
the interplay between competence and experience (Wenger 2000), and often leads to a
change in the repertoire of future behavior (Walsh and Ungson 1991). This interplay is,
because of its cyclical nature, also referred to as the learning cycle (Hedberg 1981). Learn-
ing takes place and knowledge is gained when experience affects the cause-effect relations
in the memory, which again changes the repertoire of competencies for future actions
which—when applied—leads to new experiences, etc. The learning cycle constitutes the
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basis for approaches to organizational learning. Wenger (2000) uses the term ‘social learn-
ing’ for this organizational learning cycle and describes how social learning occurs in the
interplay between personal experiences and social competencies.  A prerequisite for learn-
ing is that the learning cycles are complete, which implies that their various elements must
somehow be connected, see also chapter 4. Experiences must be available to compare or
learn from the effects of actions. Competencies must be available for deciding or learning
which actions might be useful in a certain context. On the organizational level, this means
that both experiences and competencies must be exchanged and shared to permit learning
to take place.

The situation’s climate is a key information provider. It contains expressions about
the circumstances under which knowledge flows take place. This contextual information
is a major indicator for pointing out problems. It comprises multiple perspectives depend-
ing on the viewpoints brought forward. It can consist of thoughts about why a situation is
experienced as good or bad, thoughts of how a certain situation could be improved, ex-
pressions of where conflicts arise, or other comments about the knowledge flows. The
techniques for constructing diagnostic maps and ecological maps are important tools in
this part of mapmaking. By describing the climate, it is possible to gain insight into poten-
tial strengths or weaknesses of the knowledge transfer and sharing, which are important
parts of the learning cycles in organizations.

There are many different ways of applying the technique; section 4 describes the con-
crete way that we applied it. However, it always incorporates participant involvement as a
necessary condition to strengthen the relevance and validity of the map. The therapeutic
effect of discussing and cooperating in map making is an important side effect of the tech-
nique.

During or after the map making the map can be analyzed with respect to potential
problems, as well as the equally important sections of well-performing knowledge flows.
Incomplete learning cycles might indicate improvement areas, whereas some parts of the
organization might provide good examples for other parts.

4 The Pilot Test: Mapping knowledge flows in practice
The mapping was developed for SSE. The company was founded in 1985 and develops
complex IT solutions within   information and communications systems. It employs
about 300 people, mostly system engineers with an academic background. All develop-
ment is organized in projects and the project teams are quite stable: most developers only
work on one project at a time. The projects are large, 55% of them larger than 10,000
working hours. Continuously, 20-25 customer projects exist simultaneously; a typical
project develops new applications for one customer, but some of the applications are off-
the-shelf products with long lasting projects for maintenance and further development.
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The company is highly involved in developing its abilities to produce software; 10
years ago it adopted the capability maturity model (CMM) (Humphrey 1989) as a basis
for conducting software process improvement efforts (Aaen et al. 2002), see also chapter
11. At the time of the intervention the company was at CMM level 3, but it later reached
level 5. The organization has followed knowledge management principles for a number of
years and has a fairly developed knowledge management system (Arent et al. 2002). The
efforts are rooted in a SPI team with about 15 full-time staff.

The development application of the knowledge mapping technique was triggered by
a situation where the members of the company’s SPI team had experienced occasions
where knowledge about development practices and improvement proposals did not flow
as desired between development projects and the SPI team.

First, a thorough data collection was conducted to examine if and to what extent
these issues were shared with other parts of the organization, and if so, how others under-
stood and explained them. Based on this broad conception of the situation, the knowl-
edge mapping technique as described in the previous section was developed and then ap-
plied as a means to investigate the organization’s knowledge sharing capabilities and to
identify possible areas of improvement. 

The actual approach to applying the knowledge mapping technique consisted of two
phases, a preparation phase conducted by a map maker, and a collective mapping session
where two leading members of the SPI team and four members of the research team creat-
ed the map in a one-day meeting.

4.1 Preparing the Map 
The preparation phase was carried out by one of the authors who had also conducted the
data collection. He created a preliminary knowledge map of the organization (figure 1)
based on the data he had gathered as a preparation for the joint mapping session described
in the next subsection. The purpose of this map was to serve as a guideline to be followed
during the joint mapping session and to keep the task on track even when discussions
would move in different directions. Preparing the map in advance ensured that all aspects
relevant for the original map maker were covered. It allowed the map maker to prepare a
note of questions on topics which he felt were not explained satisfactory in the collected
data. Drawing the map in advance also provided the opportunity to list what he saw as
major problems and improvement areas. These were used as discussion topics, in situa-
tions where the process needed stimulation. The preparation of a map in advance, with-
out interference from others, also enabled him to record his understanding, and thus pro-
vided the whole joint mapping session with the quality of an outsider look at the
organization. This external input would not have been as clear if organizational actors had
had the opportunity to influence his views in advance.



96 ______________________________________________________________Mapping Knowledge Flows
4.2 Producing the Map 
The second phase, the actual mapping session consisted of four steps and took place in a
one-day meeting. The steps together functioned as verification, clarification, and exten-
sion of the map maker’s preliminary map. The various elements of the map were discussed
in an open atmosphere. The map maker acted as the meeting leader who also introduced
and facilitated the process. Because not all stakeholder groups were represented, the map
maker at the outset (in his own map) brought the individual viewpoints of these groups
forward. He was also responsible for leading the discussion, and for documenting the re-
sults on a whiteboard.

The first step consisted of drawing all important elements of structure on the board.
The mapmaker selected one area of the organization to begin with and started drawing or-
ganizational units, artifacts, people, etc., listed on the preliminary map. While doing this,
he presented his understanding of the role of each of these. This promptly initiated a dis-
cussion among the participants because in their opinion some of the descriptions were not

Figure 1: The preliminary map
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correct. To represent individuals, we used ‘stick figures,’ some with additional characteris-
tics because they represented individuals with specific roles or importance. We used
groups of stick figures to represent certain organizational units, like development
projects; sometimes we encircled these to mark specific boundaries. We used a picture of a
document to represent written reports, and their formal abbreviations to distinguish
them. Furthermore, we used various symbols for technical systems; these symbols were
easy to understand for all participants, and were, if necessary, labeled with explanatory
text.

The second step consisted of describing all different knowledge flows. The meeting
leader introduced a specific flow between two or more people or artifacts, and described
his understanding of it. This quickly facilitated a discussion outlining special cases and
corrections, providing clarification and richness to the map. This step also introduced
overlooked people, roles, and artifacts to the map.

The third step concentrated on the climate providing the context for the knowledge
flows. For this purpose characteristic statements identified during the data analysis were
added to the map. The step included a discussion of which flows were found problematic,
and which flows were missing. When we conducted this step a lot of new problematic is-
sues surfaced. The organizational actors strongly disagreed with the collected data and
started defending their views. The meeting leader steered the discussion away from this
position, and emphasized the opportunity to develop ideas for improvements. The focus
was directed towards addressing the question of why some organizational actors experi-
enced these problems, even if the SPI team’s members did not acknowledge them. 

Here, the mapping technique showed its value, since it was possible to demonstrate
that some might experience problems or conflicts, whereas others did not see them. A
new color was used to highlight the problematic areas and denoted with a large exclama-
tion mark. Finally, this step was also used to indicate on the map where new ideas and ini-
tiatives originated by marking these with a light bulb. 

The fourth step consisted of analyzing the identified problems in order to under-
stand their roots and causes. This discussion supplemented the map with a list of identi-
fied improvement areas. The map allowed the diagnosis of each problem with its particu-
lar context with respect to structure and process, which made it easier to identify the parts
of the organization that were affected, and should possibly be involved in the search for a
solution.

Even though the steps above are described as a linear process, the actual mapping was
characterized by allowing the discussion to follow interesting topics, and thereby map-
ping larger organizational ‘chunks’ rather than finalizing each step at a time. Thoughts
were allowed to drift, and the discussion moved more iteratively from one topic to anoth-
er. The meeting leader had his own map to fall back on when the process needed to pro-
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ceed. To allow for further analysis and to serve as the documentation of the mapping pro-
cess, the last item of the agenda consisted of photographing the map on the whiteboard.

4.3 The Results of the Mapping 
A crucial result of the analysis was the finding that knowledge and key information regard-
ing development projects were collected in formal project reports. The project managers
responsible for creating the reports, however, felt that these reports never reached the plac-
es in the organization where they could be utilized and transformed into (new) organiza-
tional practices. As a consequence, the project managers spent less time providing this
knowledge and information, thus making fewer experiences available. On the other hand,
the readers of the reports felt that these offered very little of relevance, and therefore did
not spend much time analyzing them. The recognition of this incomplete learning cycle
led to the development and implementation of a new project evaluation concept, integrat-

Figure 2: The produced map
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ing the project reports and the diffusion of experiences through the establishment of for-
mal knowledge networks (Hansen 2007).

We also recognized four categories of characteristic or critical situations, which even
on our complex map were rather distinct:

• A specific individual or organizational unit with a large number of connecting knowl-
edge flows, we call a hub. In our case, i.e., one person had several roles in various parts
of the organization, which appeared in the map as many flows leading to him. A hub
might be useful to have in an organization, if it can cope with the knowledge flowing
to and from it, and can effectively use this information, but too many flows ending in
one place might easily create congestion and thus a hub might end up developing into
a bottle neck slowing (or discharging) information, and thus become a hindrance for
the organization’s ability to share knowledge

• Black holes are places where no flows origin. This means that knowledge only flows
one way towards these areas. This might not be problematic, but, learning from expe-
rience is an important part of the organizational development, and when specific
parts of the organization are not feeding back experiences, it is not possible for other
parts to learn. An example from our study showed that one of the organization’s
knowledge sharing tools was not used by the employees making it a ‘write only’ asset
from which no knowledge was fed back to the organization.

• Areas from where lots of flows originate, but none are oriented towards, are springs.
These might indicate potential innovative centres where lots of ideas are created and
exported to the rest of the organization. A spring might also point to an area, which is
not using others’ experiences. This is not necessarily a problematic situation, as it can
represent a highly specialised unit which does not need any input, but it could also
point to a potential problem. In our case, the top management constituted a spring by
continuously feeding the organization with new ideas and suggesting new initiatives.

• Missing links describe situations where a link would be beneficial, but for some reason
is not there or not functioning satisfactorily. As such, missing links are more problem-
atic to spot in a map. Similar organizational units might achieve advantages from hav-
ing a close dialogue and sharing of their experiences; if no knowledge flow exists
between them, a potential benefit might be lost. In our study many projects found it
difficult to feed back their experiences to the SPI team, which then had fewer experi-
ences to base their work upon.

A final result of our analysis, which confirms the map’s function as a device to support un-
derstanding and consensus, was the broader comprehension of the knowledge flows by
and among the participants of the session. When the participants were presented with
viewpoints other than their own, they had to reflect upon these, and this had an impact
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upon how they saw the situation, and provided them with a better basis for an analysis in
the future. 

5 Discussion and Conclusion
Based on the insight that understanding the knowledge flows in an organization will sup-
port software development practices, we described in this chapter how in close collabora-
tion with the employees of a software development company we identified possibilities for
improvements. For this purpose, we introduced the concept of knowledge flows and de-
veloped and applied a knowledge mapping technique which visualized: the relevant or-
ganizational units, individuals and artifacts, the knowledge flows between them, and the
climate and context in which these flows take place. 

In this context we introduced the concepts of springs, hubs, black holes, and missing
links which showed to be helpful to structure the discussion of knowledge flows. We used
a range of qualitative data gathering methods throughout a 10 month period to inform the
application of the mapping technique in the organization. 

We conclude that this mapping technique provided a helpful means to understand
the complexity of the knowledge flows in a development company with many simulta-
neous projects. The technique produced valuable results when it was applied in the com-
pany as it provided understanding and information about where and which improve-
ments could be relevant.

In the described setting the knowledge mapping technique provided the organization
with useful results and valuable feedback, but the same setting might not lead to the same
achievements in another organization or with other participants. The technique as such is
no silver bullet and no guarantee for success. Long-term cooperation with and the exten-
sive presence of the researchers in the company, mutual respect, trust and a sincere atmo-
sphere had developed and allowed for an open dialogue and discussion through data col-
lection and, in particular, throughout the final mapping session. The researchers and espe-
cially the creator of the preparatory original map were acquainted with the organization’s
culture and overall values, its language and concepts, as well as their procedures and tools.
This facilitated the mapping process, which was focused and progressed easily without sig-
nificant problems. But the close relationship with the company and the employees also
presented a danger. The apparent inside knowledge could lead to misconceptions and a
distorted image of the organization. Here, though, the collective mapping session, in
which matters could be openly discussed by representatives of different stakeholder
groups, could function as remedial action.

However, our approach, which relies on and addresses all relevant personnel to get a
view of the practice as perceived by all stakeholders, might—at least for the pilot experi-
ment—be criticized as having only SPI management, that is, no ordinary project members
were present at the mapping session. One might argue that involving more personnel in
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the mapping session and providing more resources for the process could have avoided
this. In our case, resources were limited; thus, we decided that for a pilot test of the tech-
nique a smaller forum would be adequate. The conflicting demands were balanced and
compensated by the map maker, who, although he was an outsider, was well acquainted
with and trusted in the organization. In this way an outcome was achieved that was not re-
stricted by management views and limited input.

In this context, the use of drawings also has to be considered carefully. Checkland
and Scholes (1990) underline that some people can easily handle representations such as
rich pictures, whereas others have problems with drawing and discussing them. In our case
the researchers all had experience with rich pictures as one form of graphical and visual aid
and could thus help the other participants with the use of the technique. It was also bene-
ficial to support the use of pictures with a meeting leader and let him draw the first ver-
sion of the picture.

For SSE, the value of the technique was confirmed by the fact that the resulting im-
provement proposals were positively received and accepted by other members of the orga-
nization than those who participated in the mapping session.

More generally, our technique contributes to the existing body of knowledge in the
field of knowledge-based software process improvement with a new promising support
tool and, as such, could contribute to practical improvement work. To further develop
and refine the technique, additional research testing and experimenting with it in differ-
ent forms and within other contexts is, of course, necessary.
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Software Process Improvement
Using Light Knowledge Tools

Jens Henrik Hosbond & Peter Axel Nielsen

1 Introduction
Since the mid 1990’s several organizations have invested heavily in off-the-shelf knowl-
edge management systems. The considerable interest in tool support for knowledge man-
agement in organizations has led to several reports on unsuccessful implementations of
such software systems. Schultze and Boland (2000) report success rates as low as 30%
caused by technologists’ lack of ability to understand the work practices of knowledge
workers. This has also been supported by others' research (Alavi and Leidner 1999; Swan
et al. 1999).

In software engineering a common example is that of the experience factory (Basili et
al. 1994; Basili and Green 1994; Rus and Lindvall 2002). The idea of the experience facto-
ry is to capture, explicate, and disseminate information and knowledge within the soft-
ware organization. The experience factory’s knowledge base is managed by a team of peo-
ple in charge of collecting, storing and updating information in a database. Knowledge
management is taken to be concerned with what should be stored in the database and how
the data in the base should be searched (Althoff et al. 2000; Conradi and Dingsøyr 2000;
Lindvall et al. 2001). There is, however, a scarcity of reports on successful implementa-
tions of the experience factory. Desouza (2003) provides three reasons for this, of which
the most significant is that knowledge cannot be sufficiently captured and categorized in
existing knowledge management systems and a literature review shows that most research
on knowledge management in software process improvement conclude how difficult it is
103
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to provide computer-support because knowledge management is very complex and per-
son-dependent. 

In software engineering and software process improvement, knowledge management
is central and is important for the success of these activities (Mathiassen and Pourkomey-
lian 2003). Studies of software process improvement (Arent and Nørbjerg 2000; Basker-
ville and Pries-Heje 1999; Kautz and Thaysen 2001)  call for a ‘softer’ approach to knowl-
edge management than what has previously been seen in software engineering.

In the research presented in this chapter we pursued such a  softer approach to
knowledge management. Our aim was to explore and contribute to tool support for
knowledge-based software process improvement in a way, which would contrast the expe-
rience factory. We conducted an action case study in one of Scandinavia’s largest software
development companies, henceforth referred to as ScanSoft, over a 1 year period. During
this study we have focused on software process knowledge and improvement activities in
ScanSoft. 

 The chapter is structured as follows. Section 2 presents the research approach of the
study. A description of the case is provided in Section 3. Section 4 gives an analysis of the
identified improvement issues, the design of the prototypes for tool-support as well as
their evaluation. Section 5 follows with a discussion of the findings. The final section ad-
dresses our conclusions.

2 Research Approach
The research has followed an action case approach, a hybrid research approach mixing ac-
tion research, i.e., intervention, and case study research, i.e., interpretation (Vidgen and
Braa 1997). The study was conducted in 2002 and 2003, comprising three consecutive
empirical activities: a case study, a soft systems analysis, and prototype experimentation. 

To understand the knowledge processes within the SPI initiatives we conducted a
case study of the current practices together with an analysis of the historical and cultural
background of the organization. The empirical data were collected by means of semi-
structured interviews with project managers, systems developers, and a chief information
officer. All selected interviewees were selected had close relation to or were affected by the
SPI initiatives in ScanSoft. An interview guide was designed and he themes in the guide
included historical and cultural background, current work practices, knowledge creation
and knowledge sharing, and SPI initiatives. Secondary data supplementing the interviews
were collected from project-specific documents as well as from general organization-wide
information. The data analysis was performed inductively. All interviews were transcribed
and the loaded into the software tool HyperResearch. HyperResearch was used to orga-
nize the vast amount of interview data and to allow for automated coding and analysis of
the data. The data analysis resulted in a set of concepts characterizing the software devel-
opment culture in ScanSoft.
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The data analysis was then used as point of departure for the action part in which we
used  the Soft Systems Methodology (SSM) (Checkland and Scholes 1990). Addressing
the intangible nature of knowledge-related problems, the Soft Systems Methodology en-
abled us to consider several perspectives of the problem situation. This approach was ben-
eficial as company culture, communication style, management style all influence how
knowledge is created and shared. The modeling of systems in the Soft Systems Methodol-
ogy lead to a comparison between the ideal expressed in the models and the actual state of
affairs in ScanSoft. During this comparison we focused in particular on knowledge activi-
ties in need of improvement and possible tool support and developed ideas for knowledge
tools. 

These were then designed, realized and evaluated in ‘light’ prototypes. The experi-
mental approach with the light prototypes followed the general ideas for prototyping in
(Budde et al. 1992) and in particular we followed the activities suggested by (Mathiassen
et al. 1998): planning, development, preparation, experimentation and evaluation.

By combining SSM and prototyping, we utilized both the analytical strength of SSM
and the experimental strength of prototyping.

3 ScanSoft and It's SPI
We now introduce the case and summarize the initial findings of the case study, which
built the foundation for the subsequent soft systems analysis and the prototyping of the
knowledge tools.

3.1 Historical Background
ScanSoft is a Danish software development division within a large Scandinavian software
company (for anonymity called ScanSoft in this chapter). The company was founded in
the late 1960's. In the beginning of the 1970’s it expanded into different regions of Swe-
den. During the latter part of the 1970's, the company became international by expanding
to other Nordic countries, including Denmark, where it merged with ScanSoft, which
then already was an experienced software house. By 1985, the company employed approx-
imately 275 people. Through the 1980's and 1990's the company grew significantly. At
the latest count in 2007 it employed around 7000 employees in Scandinavia and had a
turnover of approximately €1 billion.

ScanSoft  had attempted an ISO9000 certification in the early 1990’s that failed.
The failed attempt created a widespread resistance towards similar improvement efforts.
The experiences with the certification attempt also created shared skepticism among top
managers and project managers with respect to the organizational fit of the rigorous qual-
ity management procedures of ISO900 standards and maturity models like the Capability
Maturity Model (Humphrey 1986). Consequently, software process improvement was
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not prioritized and supported by ScanSoft's management. However, software process im-
provement was defined and developed by a few dedicated project managers acting on their
own. 

3.2 Software Process Improvement
The analysis of the case data resulted in the following concepts that characterize the soft-
ware development culture in ScanSoft: team spirit, informal communication, personal
networks, isolated projects, grass root software process improvement, and communities-
of-practice.  Of these concepts, ‘grass root software process improvement’ was particularly
relevant for improvement efforts. The grass root initiative grew out of a dedicated group
of project managers, who called themselves P+. This group had the inclination to improve
the way experiences and knowledge about software processes were created and shared
among the project teams. In particular they paid special attention to younger and inexperi-
enced project managers with aim to improve this staff's competences.

Experienced project managers within P+ would from time to time have face-to-face
meetings with more inexperienced project managers with the purpose to support, and tu-
tor the inexperienced project managers through a dialogue.  P+ members were therefore
also regarded as mentors within ScanSoft.

Occasionally, members of P+ met to discuss many of the issues that they became
aware of during these sessions. Based on these discussions smaller software process im-
provement initiatives were defined, planned and realized.

3.3 Knowledge Sharing in P+
The SPI initiatives of the P+ group were grass roots driven and they were not financially
supported by nor were there any commitment form top management. Hence, we regarded
the SPI initiatives as being informal in nature and not organizationally anchored. Instead,
they were targeted at addressing and improving issues found at the project level. 

As mentioned above, P+ was a group of highly experienced project managers, who
had a long history in the company. P+ was established specifically to address the sharing of
experiences between projects and to act as support for inexperienced project managers.
The basic idea was that a group of experienced project managers would act as collaborative
partners for project managers around the organization. Concerns and issues could be
raised with P+ and experience and knowledge could be shared through the group. P+ con-
sisted of 6 project managers. The P+ members used only a small part of their time in P+.
The rest of the time they managed their own projects. It was deliberately decided that the
P+ members should not dedicate a significant part of their time to support other project
managers and run the risk of becoming a staff function or a quality management function.
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Thus, the two main goals of P+ were: facilitating and sharing of experiences between
projects and acting as support for inexperienced project managers. These goals were ad-
dressed through four activities: 

1. Meetings where initiatives were defined, planned, committed to and later evaluated

2. Sparring sessions between experienced project managers and inexperienced project
managers

3. Kick-off seminars for new projects

4. Thematic seminars on best-practices and experiences.

4 Design and Evaluation of Light Knowledge Tools
With a particular focus on P+ and following SSM, we created a so-called rich picture il-
lustrating the different activities in P+ and the activities related  to software process im-
provement. The activities included theme seminars, sparring sessions, P+ meetings, and
startup seminars. Each of these were characterized by one or more of the five elements of
knowledge management—capturing, sharing, creating, acquiring, and using knowledge as
proposed by Kautz and Thaysen (2001).

From this rich picture, six system ideas were selected by P+. Of the proposed six sys-
tems, two were then selected for prototype experimentation. The selection process was in-
spired by Checkland and Scholes’s (1990) model for comparing system ideas and it was
conducted as a meeting with P+. P+ members commented on the system ideas and, based
on their comments, an agenda system and a war stories system were selected for prototyp-
ing.

4.1 The Agenda System
The agenda system was proposed for supporting the preparation phase of P+ meetings by
facilitating discussion and coordination of topics for the coming meeting. In effect, the in-
tention was to make way for a more effective meeting process, based upon mutual interest
and preparation among meeting participants. The agenda system was formally defined by
the following definition of a human activity system :

A human activity system to manage the creation of group agendas, by system-
atizing and prioritizing agenda items that may be discussed and commented
upon by participants, in order to organize meetings and foster commitment
and the creation of a shared context for all participants.
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To augment the understanding of the idea behind the human activity system and to
illustrate the potential of supporting P+ meetings again using SSM a system model was de-
veloped. The system model is depicted in figure 1.

The 4 activities depicted as a grey area in the figure were identified by the P+ project
managers as the activities which should be supported by the knowledge tool. 

4.2 The Agenda Tool
The prototype of the agenda tool was developed as a web-based application following a cli-
ent-server architecture. The client-server architecture was chosen to ensure instant corpo-
rate-wide use and easy maintainability of the system. The prototype was designed to re-
semble the look-and-feel of a standard Windows file explorer (see figure 2); that is, an
overview of prior and future agendas was listed on the left, whereas the agenda topics asso-
ciated with each agenda was shown on the right. Items on an agenda wee structured as a hi-
erarchical tree of threads, following the common style of mainstream discussion boards.
The tree structure was used as an invitation for discussion of items on the agenda for up-
coming P+ meetings. 

P+ meetings were not held on a regular basis and the use of the tool was therefore
bound to be limited. Hence, it was a reuirement that the prototype was easy to use and

Figure 1: The human activity system for creating a shared agenda

 

Weak ideas for 
agenda 

Create 
specification for 
discussion agenda 

Propose item 

Generate ideas 
for items 

Commit item 

Foster 
commitment 

Establish shared 
context 

Create awareness 
of shared agenda 

Shared agenda 

Notify participants 
about final agenda 

Systematize and 
prioritize items for 
agenda 



Design and Evaluation of Light Knowledge Tools ____________________________________________ 109
that no tool training was necessary. As the grey area in figure 1 show, the prototype was
supposed to support the creation of an overall agenda for a P+ meeting. The creator of an
agenda is also responsible for planning that specific agenda, but not for all other agendas.
The planner may then invite P+ members to the discussion of the agenda. Invited P+
members are then able to comment on existing proposed agenda items and may also sug-
gest new items for the meeting. Lastly, having discussed the content on the agenda
through the agenda tool, the meeting planner decides the final items for the coming meet-
ing. The sequence of items may be re-organized before accepting the final structure and
content of the agenda. With the final agenda in hand, e-mail invitations can be sent out,
with the agenda attached and with expected participants as receivers. .

Evaluting the developed, the general consensus among P+ members on the relevance
of the agenda tool was that the prototype provided interesting support to the problematic
situation of generating group agendas especially when colleagues were not co-located. As a
P+ member stated: 

“It was pleasing to look at and very easy to grasp. I think we can easily use this.
It could actually be very interesting.”

Figure 2: Agenda prototype: An example of a discussion thread
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Despite its apparent simplicity, the prototype appeared to help establishing a shared
context prior to P+ meetings. Effectively, this would cater for a more effective meeting
process. This was  emphasized by another P+ member:

“By using the agenda tool [prototype], people would be more focused when
meetings start. Furthermore, the participants would have a shared under-
standing of what the topics are for the meeting and what is going to be ad-
dressed.”

All in all, the prototype was well received and the tool deemed both relevant and useful.  

4.3 The War Stories System
The idea behind the war stories system was to facilitate the transfer of individual tacit
knowledge into an explicit form. A key enabler for this knowledge process is story telling.
Story telling and particularly the telling of the emotional form of stories, also called war
stories is widely used in communities-of-practices (Brown and Duguid 1991, Mathiassen
1998). ScanSoft was no exception here and with a strong autonomous project culture such
war stories reflected experiences that had made a strong personal impression on the story-
teller. In a project culture, as in ScanSoft, war stories convey both good and bad experienc-
es. 

War stories were highly relevant for the inexperienced project managers, but they
may also be used as a common point of reference in general discussions of project manage-
ment strategies and tactics. The war stories were supposed to mediate a meaningful and
rich structure for explicitly communicating experiences, i.e., tacit knowledge from devel-
opment projects, without losing too much situational context. Based on this the war sto-
ries system was defined as the following human activity system:

A human activity system that organizes work-related experiences, by means of
codifying, sharing and evaluating war stories, in order to obtain a common un-
derstanding of best and worst practices and experiences.

Similar to the agenda system, a system model presenting the activities of turning tacit into
explicit knowledge was developed. It is depicted in figure 3. The grey area shows again the
activities, which should be supported by the knowledge tool.

4.4 The War Stories Tool
The design style of the prototype followed the layout of the agenda prototype. The prima-
ry reason for doing so was that it created an obvious synergy between the two prototypes.
The project managers should feel confident using both prototypes so the look-and-feel of
the prototype largely resembled that of the agenda prototype. The war stories prototype
was also built using a web-based client-server architecture. 
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The original war stories prototype had a very fluid narrative structure for the explica-
tion of war stories. There were no restrictions as to how the stories were told and struc-
tured. This, however, introduced the problem of interpretation. How should each story
be interpreted and understood? By keeping a completely flexible structure, the context of
the war story can indeed be very hard for the reader to grasp. Interpretations would be
very diverse depending on the individual reader. A first evaluation therefore concluded
that wa common structure of the stories is therefore necessary  both for establishing a
common foundation for explicating (author) and also for interpreting stories (reader).
The relevance of the war stories prototype and the concern regarding the structure of war
stories was commented on by a P+ member:

“The war stories very much resemble what we are doing in daily practice. The
goal must be to communicate a structural format of the stories that is adapted
to the organization as a whole. The extraction of knowledge is important to
the individual, but the knowledge extracted must be shared with others,  thus-
the presentation is important.”

Figure 3: Conceptual model of the war stories system
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After the evaluation of the first war stories prototype, a formal structure was added to the
war stories. A story now contained six mandatory elements: keywords, what, how, why,
lessons-learned, and story (see figure 4).

The idea was that to add a common structure for each war story,  would creatw a fa-
miliar format, and thus enable a common way of interpreting the stories. However, the
feedback from the evaluation of the second prototype was mixed. A primary concern was
the possible semantic ambiguity in each of the six structural elements. For instance, does
the 'how' relate to how the incident was experienced or to how the incident was solved?
An attempt to solve the ambiguity problem was made, by adding popup windows, explain-
ing the  meaning of each element. However, as a P+ member noticed about the second
prototype:

“The use of ‘what’, ‘how’, and ‘why’ must be tried out in practice. If people
write non-comparable descriptions in these fields, either the semantics of the
fields has to be more clearly defined or they can be completely removed. “

This illustrates that even the basic requirements for the war stories tool were hard to de-
fine. The second prototype left the designers with quite some uncertainties regarding the

Figure 4: War stories prototype: Example of codification structure
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structural format of the stories and thus with the scheme for supporting the codifying of
the project managers' experience into war stories. A third prototyping iteration could un-
fortunately not be made due to the closure of the research project. More structures should
have been evaluated in the search of a format fitting the specific needs for capturing the es-
sentials of good and bad practice in each software development project; Perhaps the
whole human activity system for war stories should have been re-thought. The human ac-
tivity system was built on the assumption that it was straightforward for project managers
to explicate their experience, which is otherwise more or less tacit. The knowledge work
involved in formulating the war stories takes skill and effort. In this respect the second
prototype was still quite simple and seemed to not to provide adequate support.

5 Discussion
For the evaluation of (the usefulness of) the knowledge tools we relied on the statements
from the involved project managers. In the following discussion we will reflect on the
knowledge tools based on these evaluations and the knowledge processes in ScanSoft.

The differences between the two knowledge tools and their underlying human activ-
ity systems are interesting and can be summarised as in table 1.

The project managers in P+ evaluated the agenda tool quite positively. We attribute
this to four elements, which are necessary, but none of which is  sufficient for the adop-
tion and utilization of the tools. The look-and-feel of the agenda tool was similar to their
existing tools and thus was deemed as a feature that would reduce the learning effort. In
the case of ScanSoft this happened to be the feel-and-look of a MicroSoft Windows user
interface. The agenda tool is to be used to manipulate an agenda that gradually converges
into the final agenda for a meeting. The project managers already knew  the structure of
an agenda and they knew  how to work with an incomplete agenda. This meant that the
new knowledge tool easily could support the knowledge process of agreeing on an agenda
for a meeting. That the project managers knew the structure of agendas was also meant
that  no discussion what an agenda looks like was necessary and that the requirements
were fixed before the first prototype was developed. The evaluation confirmed that this
feature was stable and certain. It also lead to the judgement that the tool was or would be
effective in the sense that its use would yield the expected results (i.e., an agenda), which
could be used. It was also assessed  as efficacious in the sense that it represented a proper
means for the project managers in the knowledge process. There were also some minor
doubts whether with an established agenda planning process the tool in its current form
would be efficient on the long term, Nevertheless, in summary,  we believe  that the posi-
tive evaluation of the rather simple agenda tool can be attributed to the fact that the
knowledge processes were known and were perceived as simple by  the project managers. 
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The project managers in P+ evaluated the war stories tool as interesting, but had sev-
eral reservations. The reservations  concerned first of all the structure of the war stories.
Steps have been taken in what appeared to be a useful direction. In the end, there was  a
suggestion for a codification scheme, about which the project managers agreed that it con-
tained relevant formalizations of the context for the war story itself. It was however doubt-
ful whether this would be sufficient to support the authoring project managers to struc-
ture their narratives as  This may of course become easier when the war stories tool gets
populated with exemplary stories which may inspireprospective authors.. Based on the
case study it seemed evident that a main reason for this was that the project managers had
not yet established the knowledge processes that the tool was supposed to support. Hence,
it was also uncertain whether the tool would be effective, efficacious and efficient. 

For the war stories tool it would take several more iterations of experimentation be-
fore the requirements for the tool might become more certain. So far in the experimenta-
tion the project managers had expressed that the approach taken had been useful, as they
had gained insights that they would otherwise not have had. In particular, they felt that
the experiments with prototypes had been valuable. They had long wanted to develop a
knowledge tool for war stories, but through the focused experimentation they now rea-
lised that it would take some innovative thinking and designing to arrive at a useful tool
for this.

Both the prototyped knowledge tools were 'light' in the sense that they were easy to
develop and hence also easy to modify. In particular the overall design idea had been to de-
velop several light tools in parallel. The approach taken with the light tools contrasts the

Agenda tool War stories tool

Knowledge processes Known and simple to project manag-
ers

Unknown and complex to project
managers

Features evaluated 
positive or certain

• Windows look-and-feel
• Resemblance with existing 

knowledge processes
• Structure of agendas
• Effective and efficacious

• Windows look-and-feel

Features evaluated 
negative or uncertain

• Long-term efficiency • Resemblance to existing 
knowledge processes

• Structure of war stories
• Effective, efficacious, and 

efficiency

Table 1: Summary of differences between the two knowledge tools
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traditional theory of organization-wide support through a large, integrated, monolithic
knowledge management system, e.g., the experience factory as suggested by Basili et al.
(1994) where large amounts of data are collected about software projects and it firstlater
is determined figured out how to process and interpret the data. 

We ensured that the designed tools were tailored specifically to support and improve
a particular problematic knowledge process. As the involved project managers selected the
knowledge processes for tool support, the issues of user acceptance and user commitment
became of lesser concern. Our approach to design small, simple, and light tools could be
implemented with less effort. The two prototypes built in this study had implementation
times as low as one to two days for each. The user interfaces for the prototypes were re-
used to decrease the implementation time, but also to make it easier for the involved ac-
tors to master both tools. Finally, the small development effort allowed for extended ex-
perimentation, especially where it is was necessary as in the case of the war stories where
the knowledge processes were not yet well-understood.

6 Conclusion
Our study  in ScanSoft resulted in two experimental prototypes. One prototype was con-
sidered immediately useful and relevant by the involved staff members. The other proto-
type was considered interesting, but not yet sufficiently useful. We have discussed several
reasons for this difference and how the knowledge tools relate to the knowledge processes.
Our overall findings can be   summarized as: (1) the study and the prototype experimenta-
tion revealed that if the knowledge processes already exist and are well-understood by the
actors it is relative easy to develop a useful knowledge tool; (2) if, on the other hand, the
knowledge processes are not well-understood or do not yet exist, then the development of
even a light knowledge tool will take some time and iterations and might ultimately not
lead to any useful outcome; (3) the experimentation with prototypes may reveal necessary
features that cannot be surfaced by a traditional systems analysis; and finally (4) these
light knowledge tools contrast the mainstream ideas of knowledge management in soft-
ware process improvement.
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Social Networks Analysis in
Software Process Improvement

Peter Axel Nielsen and Gitte Tjørnehøj

1 Introduction
Software process improvement (SPI) has long been a concern for software companies and
for research. The development of the Capability Maturity Model, CMM, (Humphrey
1989; Humphrey 1992; Humphrey 2002) by the Software Engineering Institute sparked a
huge interest in the field. The CMM family of models has also been supplemented with
the IDEAL approach (McFeeley 1996) for how to utilise the CMM.  

The focus in this paper is on SPI in small and medium-sized companies. A core char-
acteristic of small software companies seems to be that they often face changing environ-
ments and are more vulnerable than large companies. Ward, addressing software develop-
ment in small companies, suggests, “the processes by which software is developed are likely
to change with circumstances—perhaps even change dramatically—even while general
principles like the need for good communication remain constant” (Ward et al. 2001). 

Within SPI there has long been the concern that the maturity-model approaches, like
CMM (Humphrey 1989), are not sufficiently adequate for improving small software
companies. An early survey shows major concerns that the CMM does not fit small soft-
ware companies (Brodman and Johnson 1994). Several studies of SPI for small companies
reveal their difficulties: small companies cannot necessarily afford the investment in SPI
(Kautz and Larsen 1997); they lack SPI knowledge (Cater-Steel 2001); they see SPI as bu-
117



118 ____________________________________ Social Networks Analysis in Software Process Improvement
reaucratic (Kelly and Culleton 1999); and traditional SPI methods are too costly for small
companies (Villalon et al. 2002).

The difficulties of small software companies cannot be attributed to the CMM-based
approaches as there are reported examples of successful SPI, some which are CMM-based,
and some which are not. Kautz et al. describe a successful improvement effort of a small
software company, in which CMM was used for the initial maturity assessment and IDE-
AL was used to structure the effort (Kautz and Thaysen 2001; Kautz et al. 2001). Also
Kelly and Culleton (Kelly and Culleton, 1999) report on attempts to develop and test
new SPI approaches for small software companies relying on CMM. For example, a partic-
ular company in a case study chose an approach informed by the CMM, but based on
modified principles: (1) maximise involvement, minimise disruption; (2) stress quality,
not CMM compliance; (3) emphasise the advisory role; and (4) promote efficiency. In yet
another study it is suggested that while CMM is used for assessment, it is necessary to sup-
plement it with what the authors call an ‘action package concept’ to overcome small com-
panies’ lack of follow-through into action planning and action plan implementation (Vil-
lalon et al. 2002). 

 There are reports of successful SPI where CMM or similar maturity models were not
used. Kautz has studied process improvement in three small companies (Kautz 1998;
Kautz 1999). The success of SPI in these companies is attributed to four factors (Kautz,
1998): a tailored approach; an experience network between companies; external assis-
tance; and partial external funding. In another study a medium-sized company's problems
with current development processes were assessed with a technique for problem diagnosis,
which was not based on a maturity model and many of the identified problems could later
be alleviated (Iversen et al.1999; Nielsen et al. 2002). In this study the success is attributed
to the particular way experience and knowledge was shared during the problem diagnosis.

Sharing knowledge, also sometimes referred to as sharing experience, is fundamental
in all these reports. Hence, we have undertaken research to understand knowledge sharing
better and in greater detail. In particular, here we report on an investigation on how
knowledge sharing takes place in particular social networks in software companies and
how social network analysis can be used to this end.

The concepts knowledge sharing and social network analysis are presented in more
detail in section 2. In section 3, we outline our research approach and describe the data
collection and data analysis. In section 4, we present the case of SPI in SmallSoft and how
we used social network analysis these. In section 5 we discuss the role of social networks in
SPI in general and how social network analysis was useful in SmallSoft in particular. The
chapter ends in section 6 where the chapter is concluded. 
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2 Knowledge Sharing and Social Network Analysis
It appears that part of the success of SPI in small companies has to do with how knowl-
edge is shared amongst the developers and managers partaking in the SPI effort. Knowl-
edge management is a relevant perspective to apply in SPI in general. Kautz and Thaysen
(Kautz and Thaysen 2001) concur with this and put forward that knowledge in SPI is not
only to be seen as a simple commodity, but needs to be understood in a much broader and
social context. Support for the idea that understanding knowledge management is a key
to SPI can also be found in several other studies (Baskerville and Pries-Heje 1999; Pries-
Heje and Pourkomeylian 2004; Mathiassen and Pourkomeylian 2003). 

There are several explanations of why this is so. First, it has been established that soft-
ware development depends hugely on communities-of-practice, which differ from the for-
mal organisation (Mathiassen 1998 p. 88). Communities-of-practice create the specific
context as well as the shared experience and understanding of their members in such a way
that they shape how new or modified processes are adapted, implemented or rejected. Sec-
ond, SPI is a problem-solving activity (Mathiassen et al. 2002, p. 4) where problems in
software processes have to be identified, needs have to be understood, possible improve-
ments have to be devised and prioritised, and actions to improve must be taken. All these
activities require communication of different perceptions and interests, of plans and pri-
orities, and of outcomes. Third, SPI is also a knowledge creating activity (Mathiassen et al.
2002, p. 7) where SPI knowledge needs to be elicited from experience, some experience
has to be explicated, concerns for capture and quality of available knowledge have to be
addressed, and validated feedback has to be provided. Fourth, organisational influence
processes are important in SPI (Nielsen and Ngwenyama 2002). This study of influence
processes concludes that it is crucial to understand the networks through which power
and influence is exercised; but also that a major source of power is knowledge and com-
munication skills.

We find it interesting to analyse the networks through which knowledge is shared
and communicated in greater detail because we expect that it can advance SPI in general,
and in small companies in particular. Social network analysis is a framework for such de-
tailed analyses.

Social network analysis is a general framework and a set of techniques applied to
study the relationships between organisational actors and their exchange of resources; see
(Cross and Parker 2004; Wasserman and Faust, 1994). In social network analysis organi-
sations are viewed as consisting of actors linked together in networks through action, ex-
change, and interpretation and sharing of resources like information and knowledge. So-
cial network analysis seeks to provide a way to look at an informal organisation, which ex-
ists in parallel to the formal and hierarchical organisation chart. In this view, organisations
are made up of interdependent actors with relational ties between them. Network models
conceptualise structure as lasting patterns of such relational ties (Wasserman and Faust
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1994). Wasserman and Faust further define actors as discrete individual, corporate or col-
lective social units, (i.e., not only as a single person). The relational ties can be of varying
types: evaluation of one person by another (as with friendship), transfer of material re-
sources, affiliation, authority (as between managers and subordinates), and behavioural
interaction like sending messages and engaging in a discussion (Wasserman and Faust,
1994, p. 18).

Social network analysis is not a new approach. It has been developed and applied in a
large number of organisational studies (see Scott 2000; Tichy et al. 1979; Wasserman and
Faust, 1994), but it has not been applied in SPI efforts before. The framework does not
provide a unit of analysis and data may be collected about many different kinds of actors
and relational ties. It is, however, common to collect data about the contents of the rela-
tional ties as well as their intensity and reciprocity. Based on the collected data, the ap-
proach requires the study of network properties and structural characteristics. For exam-
ple, (Tichy et al. 1979) define some of properties as density, centrality, and star. These are
just a few of the analyses that can be performed on the total network. The analyses all have
a foundation in graph theory (Borgatti and Everett, 1992; Scott, 2000; Wasserman and
Faust, 1994), but the interpretation and the semantic implication of these analyses remain
specific to the setting where the data were collected.

Our application of social network analysis focuses on the social networks through
which software process improvement may happen and in particular we focus on commu-
nication about SPI.

3 Research Approach
The research approach followed the ideas combined in an action case study (Vidgen and
Braa 1997; Braa and Vidgen 1999). An action case study is partly action research and part-
ly a case study. It is action research in the sense of (Checkland 1991; McKay and Marshall,
2001; Iversen et al. 2004), where interventions take place and scholarly knowledge is
gained, but with a much shorter time-span and with lesser involvement of the researchers
in the action, in our case the SPI activity. It is also a case study in the sense of (Yin, 1994;
Walsham, 1995), that research beyond interventions takes place, but with a lesser depth in
understanding the specifics of the case. The benefits lie in how case study and action re-
search supplement each other.

The data collection and data analysis for the action case study was performed in two
parts. For the purpose of understanding the case and the context for action the researchers
collected data about the company, its SPI activity, the its history with SPI, and in particu-
lar all minutes from meetings in the SPI group, the progress reports, and other similar
sources. The data were analysed informally to inform the researchers and to write the case
report, which is summarised in section 4.
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For the purpose of taking action informed by social network analysis the researchers
collected and analysed the data following a more stringent procedure. The procedure is
similar to that outlined by (Cross and Parker 2004 p. 143), and it contains the following
steps:

1. Identify the group

2. Collect data about relationships

3. Visually analyse the results

4. Feedback the results to the group and validate the results

5. Evaluate the outcome

As we wanted to investigate to what extent and in which ways the company communicat-
ed and shared knowledge about software process improvement we identified the relevant
group as all developers and all managers in SmallSoft.

The accompanying instruction told the respondent to also register the initials of
their communication partners and use a new line for every interaction. The instrument
provides this pattern for all interactions. This means that every reported line in a returned
questionnaire is evidence for a relationship. 

All questionnaire data were transferred to a tool that offers various display features
and analyses, which are performed automatically by the built-in graph algorithms. The
tool was used to analyse and keep an overview of the data (e.g., to select parts of the graph,
show different attributes and weights, identify central actor, cut-point, etc.) using graphi-
cal elements to visualise structures in the social networks. The tool was also used to eluci-
date the several network structures like centrality, peaks, blocks, components, k-cores, etc. 

The analysis of the network data was iterative. The researchers were consistently
looking for patterns in the network models, which confirmed or rejected working hy-
potheses about the company's SPI activities. That led to analytical insight, which in turn
led the researchers to modified and new working hypotheses. The iterative analysis was
temporarily stopped to validate the findings with two department managers. Their feed-
back was used to extend the iterative analysis. It also gave a detailed impression of which
network models were relevant from a management viewpoint as some of the models pro-
vided by the researchers presented an interesting hypothesis and a proper finding, but
were not providing valuable managerial insight. The management's feedback also led the
researchers to prompt several developers to respond to the questionnaire to increase the
data validity.

The analysis ended with a second validation session was with all three company man-
agers (for a description of the case company see subsection 4.1). 
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4 Social Networks in SPI
The modelling of social networks followed the approach outlined in section 3. In this sec-
tion we first provide a case description as background for the social network analysis, then
we present the models and analyses, and finally we report from the validation of the find-
ings.

4.1 Case Background
SmallSoft is a small software company with two departments. The ERP Department de-
velops a large ERP system and maintains it at a number of customer sites. The tasks are
characterised by long-term and close contacts with a few large customers. The software de-
velopers have much domain knowledge within logistics in the particular area where their
customers operate. The head of this department is also responsible for the quality system
and the company’s ISO9000 certificate. He was also heading the SPI group. The Tailor-
Made Department develops several tailored systems for many different customers. Their
products range from traditional administrative systems to web portals. The application
domains vary and the developers’ primary expertise lies within software engineering and
project management.

Previously, improvements in software development were casual and spread through
collaboration and informal contacts between colleagues. A few significant improvements
had attracted management's attention and were turned into company-wide improve-
ments. One company-wide improvement led to an internal software development project,
which produced a support tool for tracking development tasks. Most improvements, how-
ever, were small and remained personal or local between a few colleagues. 

When the research began, the company was introduced to a basic SPI approach and
soon top management announced the slogan “CMM level three—in three years.” A SPI
group was formed and a developer from each of the departments was appointed to the
group. The group took on the responsibility of assessing the current practices, planning
improvement initiatives and implementing these. Successful improvements were sup-
posed to be added to the existing quality system. The manager of the ERP department lat-
er characterised this new set-up as a complete failure. His perception was that some devel-
opers felt pushed aside and that others stopped focusing on improvements waiting for the
results from the SPI group. The SPI group on their part lacked time and resources and or-
ganised only one improvement initiative. At the same time the company experienced a
market decline and following low sales figures, this led  to a shift of focus away from im-
provement activities and towards sales activities and monthly sales figures. 

Despite these setbacks, SmallSoft's management recognised the value of their previ-
ous improvements as vital for their business success and found it necessary to proceed.
The two department managers' shared perception was that future improvements had to
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be rooted in a strategy that would provide faster feedback as well as visible and immediate
benefits for the software developers. It was in this atmosphere that the analysis of social
networks was initiated.

4.2 Social Network Analysis of SPI in SmallSoft
The analysis had the immediate purpose of understanding the specific company’s social
networks as a basis for managerial decisions about SPI. To that end we chose to visualize
the models of communication networks that emerged from the data when displayed with
NetDraw.

An initial analysis was performed after which the models, the analysis and the imme-
diate findings were validated in a session with the SPI manager. The validation session led
the researchers to another round of data collection to increase coverage and to make sure
that most developers and managers had responded to the questionnaire. 

The most basic network model is shown in figure 1. The node distribution feature in
NetDraw provides its visual layout. 

The model should be read in the following way. Circles and squares represent devel-
opers; circles depict that they are from the Tailor-Made department and squares show de-
velopers from the ERP department. Developers 29 and 30, depicted in black, are no long-
er with the company. Developers 4, 10-13 have not responded to the questionnaire and
no others have reported on communication with these developers. Triangles are managers
(9, 19, 21); manager 9 is the CEO. The number of respondents thus is 23 of 28 staff, or
82%. When these models were used in SmallSoft the real names of the staff members were
shown.

 The graph analyses follow (Scott 2000). The initial graph analysis was to look for
components and central actors, because this provides a good overview to begin with. 

The component analysis was based on the formal concepts of component, cut-point,
and clique. A component in a social network is defined as a maximal connected subnet
(Scott 2000 p. 101). The model of SmallSoft reveals that it consists of a single component
because all developers and managers are related to at least one other except developers 4,
10-13 whom no one communicated with. These outliers as well as developers 29 and 30
were removed in subsequent analyses. A cut-point is a node whose removal would increase
the number of components (Scott 2000, p. 107). In figure 2, manager 19 is a cut-point
who would split the company in two components, and developer 5 is a cut-point who
would disconnect developer 2 from the main component. Similarly developer 6 is a cut-
point who would disconnect developer 14. A clique is a subnet in which every possible
pair of nodes is directly connected and the clique is not contained in any other clique
(Scott 2000 p. 114-115). Counting only those subnets with more than 3 nodes the fol-
lowing subnets are cliques: (16, 22, 24, 28); (15, 24, 25, 26); (5, 9, 19), (6, 7, 17, 18).
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The centrality analysis is based on the formal concepts of local centrality, global cen-
trality, and peak. A node is central if it has a high degree, i.e., it has relations to many other
nodes. Centrality based on degree can be measured locally or globally. The measure for lo-
cal centrality is defined as the number of direct relations (Scott, 2000, p. 83). The nodes
with the highest local centrality are: 19 (10); 24(8); 6(8); 7(6); 23(5). The measure for
global centrality (or closeness) is defined as the sum of distance to all other nodes (Scott
2000, p. 86). The closer a node is to all other nodes, the more central it is; the closeness of
nodes for all nodes in the SmallSoft network is as follows: 19(39); 26(44); 21(45); 6(48);
nodes 5, 8, 3, 7, 24 have a a distance sum of below 53, while the rest are above. The global
centrality can also be measured as betweenness of a node defined as the proportion of
node pairs between which a node is (Scott, 2000, p. 87). NetDraw computed these to:
19(144); 24(60); 26(57); 21(41). A node is a peak if it is more central than any point it is
(directly) related to (Scott 2000, p. 98). The peaks in SmallSoft are: manager 19 and de-
veloper 24.

Figure 1: Basic communication network for communicating about SPI activity
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Our qualitative analysis started with a working hypothesis that Smallsoft was a very
informal organisation, however with strong monitoring by its department managers. Fur-
thermore, prior to the social network analysis we held the perception that company man-
agement was in control and that all SPI activity had to be communicated through the
managers. Consequently, we did not assume that there were social subnets with the capac-
ity nor the inclination to communicate on SPI and to follow through to action on SPI.

Our subsequent analysis of the model led to the following results. As mentioned
above, first of all it shows that five developers are completely outside all communication
about SPI. Second, it identifies one main component containing both the ERP and Tai-
lor-Made departments. Manager 19 is the central actor as he is the actor with the highest
degree, i.e., numbers of ties: 10. Manager 19 is also a peak as he is more central than any
other actor he is connected to. Developer 6, though highly connected with a degree of 8, is
not a peak as he is connected directly to manager 19. This is not surprising as 19 is the
manager of the ERP department and responsible for the quality system, the ISO9000 cer-
tificate, and also the SPI manager. He is connected to the top manager, CEO 9, and all
connections between the ERP department and Tailor-Made department go through him. 

Manager 21, the manager of the Tailor-Made department, is far from central and not
a peak. He shares the contact with the ERP department with developer 26. In the Tailor-
Made department, developer 24 with a degree of 8 is the only peak and he is connected to
everyone in the department. The path from any of the managers to any of their developers
is less than or equal to 2 edges. In the ERP department this is due to the central role of the
manager and in the Tailor-Made department it is due to developer 24. 

Manager 19 is the most important cut-point. If he is removed from the network, it
will split into two components. Developers 5 and 6 are marginal cut-points as they will
only cut out one other actor. Manager 19 scores very high on both closeness and between-
ness. On closeness there is not really a significant difference between developers 26, man-
ager 21 and developer 6. On betweenness manager 19 is undoubtedly most significantly
with his score of 144; the important second person in this category is developer 24 with a
score of 60.

4.3 Analysis of the Relation Attributes
Figures 2 shows the attributes of the communication for the main component. The dif-
ferences between the models in figure 2 illustrates the differences between formal and in-
formal communication and between written and oral communication. The communica-
tion is mostly informal and all actors are involved in informal communication. Formal
communication is only found around the two peaks and between the two departments.
Written communication has a stronger presence in the Tailor-Made department and
around the manager of the ERP department. Oral communication is widespread and eve-
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ry actor participates in oral communication. It is worth noticing that the communication
between the departments is formal but oral. 

4.4 Summary of the Analysis 
Overall the social networks show two departments with an informal, mostly oral and
widespread interaction within the departments, but with sparse contact between depart-
ments and to top management. The ERP department has a central manager, 19, gate-
keeping the department against all the other actors in the company in a more formal way

Figure 2: The models of attributes in the communications networks
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than usual in the company. He controls the communication on improvements both with-
in his own department, but also at the management level and he is the only middle man-
ager with contact to the top management. 

The Tailor-Made department has a strong internal actor in developer 24 keeping the
department together and communicating intensively with many other employees. The
manager of the department, 21, plays a lesser role in SPI as he has fewer ties and partakes
only in lightweight communication. He only connects to the whole department through
developers 24 and 25. This looks like a widespread delegation of responsibility for SPI.

Until the time of the analysis SmallSoft had followed a centralised and formal im-
provement strategy. There are considerable misfits between a centralised strategy and the
underlying social networks. This may largely explain the failure of the improvement effort
so far. The underlying social networks are uneven and, in the ERP department, developers
are unaccustomed to written communication while in both departments the networks are
also lateral thus less disposed to acting on formal management directive. In contrast, the
applied centralised SPI strategy is management-driven and communicated in writing and
formal. The social network analysis thus leads to the conclusion that either the social net-
works must change or another strategy must be chosen. 

Faced with these alternatives Smallsoft's management wants to change to a decentra-
lised strategy. They feel that this will suit the company better and will involve more devel-
opers. When embarking on a decentralised SPI strategy they should keep in mind that:  

• The remarkably weak ties between the two departments certainly hinder a central
and cross-departmental SPI approach also in the future.

• A serious management commitment to SPI will be very difficult to exercise with so
little communication on SPI involving the top manager; perhaps the lack of manage-
ment involvement shows that SPI is not of strategic importance to the company's
business strategy.

• Few improvements will spread easily from one department to the other; closer ties
need to be built between the two departments and at the level of the developers; if
this is impossible or undesirable, the departments should be seen as separate social
networks and independent SPI activities should be organised in each department
deliberately decreasing dependency on cross-department knowledge sharing.

• Any SPI initiative in SmallSoft will benefit from at stronger collaboration among the
managers and also involving the CEO. 

• The ERP department could benefit from decentralisation, less formalisation and del-
egation of responsibilities; manager 19 could very well be overloaded with responsi-
bilities; if that is the case, he is a bottleneck that inhibits improvements and hinders
knowledge sharing and communication in the department; management commit-
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ment to SPI is based on real involvement and focus.      

• The analyses do not display network structures that hinder ideas and improvements
from being communicated among developers.

These advices for the SPI managers are very much in line with (Cross and Parker 2004).
They suggest that it is a management task to initiate, develop and maintain networks.
They further propose that the internal network structure of a company should be aligned
with its environment. For a small company like SmallSoft the environment for the ERP
department changes only slowly, but it is vulnerable to a few missed sales opportunities. In
the Tailor-Made department there are often changes that it should respond. Management
should hence consider whether they want to move developers between the departments.

5 Discussion
In the following discussion, we discuss first the findings from the action case in SmallSoft.
Second, we focus on wider research implications and how the findings extend research on
SPI in small companies.

The most significant finding of the social network analysis for SmallSoft was that
there was already communication about SPI and that knowledge about software develop-
ment was already shared. The managers already knew this in general, but they did not
know the details. The network models showed many of these details which the managers
were unaware of and which they would not address in their dealing with the software pro-
cess improvement effort.

The social network analyses proved valuable in SmallSoft. They provided the re-
searchers with substantial insight for their action research endeavour. They were also use-
ful for Smallsoft’s managers in several ways:

• The network models provided images of the communication about SPI which the
managers trusted as they had been involved in their validation.

• The models contained angles, pointers and clues that the managers had never thought
about before. The SPI manager in particular genuinely found the models interesting
as a kind of mirror in which he could now see his own organisation in a new light. 

• The models had been useful in communicating the findings from the researchers to
the managers. They proved valuable as a starting point for the discussion of an appro-
priate strategy for SPI in the company, as they emphasized two major problems in the
current situation that all managers could agree upon.

• The models were used as a basis for taking decisions about SPI and how to improve
the underlying networks that had the potential of pushing the SPI effort forward.
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These decisions led to actions involving management more strongly and also to the
creation of improvement teams across the departments.

It is evident from the SmallSoft case that communication and knowledge sharing in SPI is
an integral part of SPI. This should be acknowledged by researchers and managers and
more attention to should be paid to communication and knowledge sharing issues in SPI
efforts. The research literature of small software companies has mostly been concerned
with measuring maturity and the perceived problems r small companies have with in par-
ticular the CMM. There is research addressing the need for a closer look at knowledge
management from a social perspective (see Kautz 1998; Kautz and Thaysen 2001); there
is research addressing knowledge as a commodity to be stored in an experience base (see
Conradi and Dingsoyr 2000; Rus and Lindvall 2002);  there are reported experience from
building knowledge networks in software organisations (see chapters 6 and 7). There are
however no reports where the underlying communication networks have been analysed as
we have done here.

Our study illustrates that modelling social networks is particularly relevant for un-
derstanding SPI activity in small companies. Small software companies are less likely to
favour a formal, centralised SPI approach and SmallSoft is no exception here. It is thus
reasonable to discuss how the lessons learned in our case study concerning communica-
tion, knowledge sharing and social network analysis may generalise.

Modelling social networks fits well with a low budget approach to SPI. It is cost-ef-
fective to analyse the underlying social networks that are an important part of the infra-
structure for a more informal SPI approach in small companies, as these firms lack the
economical inclination to invest in a formal, rational, centralised infrastructure. 

Modelling social networks enables small companies to discuss and to exploit the pos-
sibilities that already exist and to focus on necessary improvements as a basis for SPI. We
thus contention t that the way we have modelled social networks can be well transferred
to other, similar organisations. Based on our experience, we suggest that it will work for
small companies, but we can only speculate about whether it will also be feasible for large
software organisations. 

It is likely that the visualisations from the tool we used will be less useful with more
than a hundred developers and other software packages for social network analysis might
be more useful. 

However, irrespective of the size of company our study shows that communication
about SPI is also necessary in large organisations. What we do know so far is that in order
to facilitate discussions that bring improvements forward, the network models must show
the networks in a visual way that can be grasped by the involved actors without them be-
ing experts in social network analysis. 

To understand the social networks and how they contribute to SPI can be a supple-
ment to a CMM-driven strategy. In a CMM-driven strategy the focus is on processes and
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much less on people independently of whether they are developers or managers (Aaen,
2003). A social network analysis offers the opportunity to focus simultaneously on how
people communicate and how this communication supports knowledge sharing and as
such becomes a prerequisite for the organisational change.

The data collection methods and the analysis, and use of models in discussions and
reflections are not specific for SmallSoft. They are all transferable to other small software
organisations. Thus, we claim generality for the applicability of modelling social networks
and performing social network analyses. What cannot be transferred to other organisa-
tions are the specific models, the analyses of SmallSoft through modelling and the specific
outcomes of the discussions. 

6 Conclusion
In this chapter we reported an action case study in a small software company. Data were
collected through a case study and a questionnaire that was designed specifically to get in-
formation about communication patterns in the social networks involving software devel-
opers and their managers. Our findings can be summarised as:

1. Communication about software process improvement follows other patterns than of-
ficial and bureaucratic channels. It is important to understand the structure of these
informal communication networks as they can promote or hinder a particular im-
provement effort.

2. Such communication networks can be studied through social network analysis. Social
network analysis and its accompanying tools and techniques offer several very useful
analyses. The managers in the case company appreciated these findings and conse-
quently acted upon them. In particular they deliberately sought to remedy identified
shortcomings in the network structures. 

3. Social network analysis is very likely to be useful in other small organisations as data
collection, visualisation, and the analysis techniques fit well with the particular chal-
lenges faced by small software companies, which want to engage in SPI.

The limitations of this action case study are related to its purpose, which has been to ex-
plore the usefulness of social network analysis for software process improvement. This ex-
ploratory study is only based on a single case and that limits its generalisation. In addition
the original data collection was difficult as not all data was unambiguous due to the layout
of the questionnaire However, our study shows a high validity due its high response rate
and due to the fact that we co-operated with management who iteratively validated our
findings during joint validation sessions. Although the analyses performed with the soft-
ware tool are most reliable and it thus is likely that a repetition would reach the same out-
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comes again, the results are only valid for SmallSoft. Hence we do not claim generality for
them.

In a continued effort to make social network analysis more useful for software pro-
cess improvement we will undertake further research with more software companies and
improve the questionnaire as well as the particular analyses and their interpretations.
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The Role of Improvisation in
Adoption of Process Technology in

a Small Software Firm

Gitte Tjørnehøj and Lars Mathiassen

1 Introduction
Software process improvement (SPI) has become an increasingly important technology
for software firms struggling to stay competitive. The Capability Maturity Model
(CMM) (Paulk et al. 1993) and the more recent CMM Integrated (CMMI Production
Team 2000; 2002) have sparked a new discipline of engineering management that plays a
dominating role in practice and research (Hansen et al. 2004). The CMMs are based on
the ideal of a rational, control-centered culture for software development (Ngwenyama
and Nielsen 2003), and although other SPI approaches have been suggested, they do not
differ from the CMMs when it comes to underlying values (Hansen et al. 2004). While
the literature offers a number of successful cases of adopting CMM (Carnegie Mellon
2005; Dion 1992; Humphrey et al. 1991; Wohlwend and Rosenbaum 1994), reports on
failure and difficulties have lately increased (Hansen et al. 2004 Mathiassen et al. 2002;
Rodenbach et al. 2000). Especially within small software firms, adoption of SPI technolo-
gy seems problematic since these organizations lack sufficient resources to invest in im-
provements (Brodman and Johnson 1994; Brouse and Buys 1999; Steel 2004; Villalon et
al. 2002), and SPI knowledge is not sufficiently tailored to their needs (Kilpi 1998; Saasta-
moinen and Tukiainen 2004). Small software firms are highly sensitive to dynamic envi-
ronments (Ward et al. 2001), and dominating approaches to SPI fit poorly (Leung and
137
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Yuen 2001; Varkoi et al. 1999) because it normally takes several complex and expensive
initiatives to reach new maturity levels (Aaen et al. 2001). However, improvisation is often
promoted as a means to resolve contradictions between environmental pressures towards
innovation and lack of time, knowledge, and other resources (Chelariu et al. 2002; Cibor-
ra 1999).

With this background, we have investigated the role of improvisation in SPI technol-
ogy adoption over a ten year period from 1996 to 2005 in a Danish software firm, Small-
Soft. The investigation is based on a longitudinal, interpretative case study (Pettigrew
1990) of SPI-related activities in SmallSoft. Focusing on key encounters that impacted en-
gineering, management, and improvement practices within the firm (Cho et al. 2006;
Newman and Robey 1992; Peterson 1998), we investigated the following research ques-
tion: “Why, when, and how does improvisation shape the adoption of process technology
in a small software firm?” The study helps us understand the role played by improvisation
as small software firms struggle to adopt advanced process technologies in a situation
where resources are few and knowledge not appropriate or readily available.

This chapter is structured as follows. First, we present relevant theory on SPI in small
firms and on improvisation. Next, we present and explain the adopted framework for
analysis of improvisation (Cunha et al. 1999; Kamoche et al. 2003). Based on our research
approach, we introduce SmallSoft and provide a detailed account of how SPI technology
was adopted over the period 1996-2005. Finally, we discuss the case in response to the re-
search question and highlight the contributions and implications of the study. 

2 Theoretical Background
Small software firms face special challenges when improving software practices. These
challenges relate to the resources available and to having minimal influence over the envi-
ronment. In the following, we review what is known about SPI in small software firms,
and we present the improvisation framework that we have used as a lens to analyze the
case.

2.1 Improvement in Small Software Firms 
Managers in small software firms can find advice for SPI technology adoption in the liter-
ature. Most studies investigate small firms trying to adopt CMM or other rational soft-
ware models. Typically, these studies describe the difficulties small software firms encoun-
ter and how these can be successfully resolved. Numerous studies suggest adaptations of
CMM to fit small firms’ needs (Batista and Figueiredo 2000; Casey and Richardson 2004;
Horvat et al. 2000; Kautz 1999; Kautz et al. 2000; Kelly and Culleton 1999; Kilpi 1998;
Varkoi et al. 1999; Wilkie et al. 2005). Paulk (1998) argues that small firms’ adoption of
CMM “may be different in degree, but they are not different in kind” from those of other
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organizations. And, in general, it takes “professional judgment and understanding of how
the CMM is structured to be used for different purposes” (Paulk 1998). 

Another group of mainly European studies has discarded CMM and developed alter-
native approaches fitted to the market dominated by small and middle-sized companies,
but still keeping the basic values of the rational software organization intact. Examples are
DSDM and People Process (Coleman and Verbruggen 1998), TAPESTRY (Kuvaja et al.
1999) and SPICE (Truffley et al. 2004). This literature focuses on the downsizing of SPI
technology to fit the resources of small firms, but do not address the culture differences,
lack of knowledge, and external dynamic pressures that these firms experience. Moreover,
most of the studies are based on observations over limited time periods focusing on initial
adoption of SPI technology. Only a few studies cover a considerable time span and report
on how SPI initiatives evolve over time (Balla et al. 2001; Kuvaja et al. 1999; Richardson
2001; Truffley et al. 2004). Thus, the literature provides little knowledge on how to
achieve and sustain improvements over time in constantly changing environments. In this
study, we have therefore given center stage to understanding how SPI technology was
adopted in a small software firm over a period of ten years. To make sense of this adoption
process, we focus on events in the firm’s environment, and on why, when, and how impro-
visation played a role in shaping SPI practices and outcomes. 

2.2 Organizational Improvisation
Improvisation has been pointed to as a way of coping with time pressures and rapid shift-
ing environments combined with lack of resources, making rational planning, decision
processes, and knowledge creation being difficult or even impossible (Ciborra 1999; Cun-
ha et al. 1999). Improvisation is often seen as the deviation from the norm of planning
and rational decision-making; but increased uncertainty, complexity, and environmental
dynamics create new conditions for firms in which the ability to improvise becomes more
important (Chelariu et al. 2002). 

The concept of organizational improvisation is inspired by traditional Jazz (Barrett
1998; Mirvis 1998; Peplowski 1998). Later literature building on empirical evidence
leads to a definition of improvisation focusing on convergence between planning and exe-
cution of actions (Crossan 1997; Crossan and Sorrenti 1997; Crossan 1998; Crossan et
al. 1996; Miner et al. 1997; Moorman and Miner 1995; Moorman and Miner 1998; Or-
likowski 1996; Orlikowski and Hofman 1997). Based on a comprehensive literature
study, Cunha et al. (1999) suggest a definition of organizational improvisation as: 

… The conception of action as it unfolds, by an organization and/or its mem-
bers, drawing on available material, cognitive, affective and social resources
(Cunha et al. 1999) . 
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The first part of the definition “The conception of action as it unfolds…” emphasizes
that improvisation is deliberate, extemporaneous, and occurs during action. The second
part “…drawing on available material, cognitive, affective and social resources” relates im-
provisation to bricolage by emphasizing that planning and action need to take place with-
in the limits of available resources and knowledge. Improvisation both “departs from cur-
rent routines/knowledge and builds on those routines/knowledge” (Cunha et al. 1999);
thus, routines/knowledge potentially affects whether improvisation occurs and the quali-
ty and magnitude of it. Cunha et al. also discuss degrees, types, and measurement of im-
provisation and try to identify theoretically why, when, and how improvisation happens.
They point to triggers and conditions for and characteristics of improvisation: 

… thus improvisation arises when both (1) a demand for (a) speed and (b) ac-
tion, and (2) an unexpected (and unplanned for) occurrence are perceived by
the organization. (Cunha et al. 1999)

Weick (1993), however, emphasizes that improvisation can also be triggered purposefully.
Unexpected occurrences triggering improvisations are not always perceived as problems,
but could also be opportunities to take advantage of internal or external change.

An experimental culture, minimal structure, and a low procedural memory or a small
number of routines are important conditions for the ability to improvise in organizations
(Cunha et al. 1999). An experimental culture values action and experimentation when
trying to understand and deal with reality. By minimal structure is meant a minimal con-
trol structure required for focusing, coordinating, and keeping the necessary feeling of ur-
gency, still leaving room for participants to innovate. Milestones and goal setting are rec-
ommended as efficient tools. Procedural memory is the amount of routine knowledge that
organizations possess. If procedural memory is low, it leaves more room for improvisation
since more events are unplanned. On the other hand, a high procedural memory, per-
ceived as adaptable knowledge instead of unbreakable rules, will also enhance improvisa-
tion.

Improvisation can have negative as well as positive outcomes in situations where it is
necessary to create new knowledge. Positive outcomes include motivation, flexibility, in-
creased ability to improvise, new knowledge about the world, as well as new routines and
practices. However, organizations that engage in improvisation also face risks, including
inappropriate learning biased by actual circumstances, opportunity traps by not acquiring
new knowledge, over amplifying emergent events and addictiveness to improvisation
thereby under-utilizing existing knowledge and skills; they also face increased anxiety and
uncertainty for employees. 

We have based our analysis on the conceptual framework originally presented by
Cunha et al. (1999) and later utilized and presented in a slightly different form in Kamo-
che et al. (2003). Kamoche et al. (2003) added three different metaphors of improvisation
(Indian music, music therapy, and role theory) to that of traditional Jazz, to provide a
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spectrum of improvisation processes. We have drawn from both sources in the final anal-
ysis framework presented in table 1. 

In this view, unexpected events can trigger improvisation when a need for immediate
action is felt by organizational actors. Hence, the adopted framework starts by identifying
such triggers. The following improvisation—if any—is then described in terms of actors,
planning and execution of action, utilized material and resources, and finally products.
Also, we characterize improvisation by degree, type conditions, and influencing factors,
and eventually clarify the outcome of improvisation. This framework is appropriate in the
context of this study since it is centred around events that spark action and, as such, fits
well with our event-based analysis. The framework helps identify and characterize key im-
provisational elements in the investigated case of SPI technology adoption.

3 Research Approach

3.1 Longitudinal Interpretative Case Study
We have framed the investigation as a longitudinal, interpretative case study (Pettigrew
1990; Walsham 1993; Walsham 1995) based on a ten year-long collaboration with Small-
Soft through a university-industry network (Mathiassen 2002). This approach allowed us
to analyze in detail how adoption of SPI technology evolved over time and to investigate
the role played by improvisation in that process (Cunha et al. 1999; Kamoche et al. 2003). 

Trigger:
• Unexpected event?
• Unplanned for?
• Need for action?
• Need for speed?
• Within action span?

Description:
• What action?
• Who acted?
• How was planning and execution of 

action?
• Which material and resources were 

utilized?
• What were the products?

Characteristic:
• Degree 
• Type
• Conditions

• Culture
• Minimal structure
• Procedural memory

• Influencing factors

Positive outcome:
• Increased flexibility
• Learning
• Emotional
• Further motivation

Negative outcome:
• Biased learning
• Opportunity traps
• Over amplifying emergent events
• Addictiveness of improvisation
• Increased anxiety

Table 1: Framework for analysis of improvisation adopted from (Cunha et al. 1999) and (Kamoche et al. 
2003)
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SmallSoft
SmallSoft is a small Danish IT firm with approximately 50 employees. Their core compe-
tence is to combine domain specific engineering knowledge with IT competencies to serve
their customers by developing new solutions or by adapting standard software. 

When a big industry-firm in 1987 went bankrupt, three of the employed engineers
formed a new small consultancy firm (SmallSoft) operating in that same industry seg-
ment. They began to develop dedicated software tools in-house to support their consul-
tancy, which soon led them to develop a material-management-tool as a joint venture with
a main customer. Even though the virtues of this software product were its built-in do-
main knowledge, not its technical quality, it soon evolved into an important standard
product, and the ad-hoc and improvising development process laid the basis for the soft-
ware practices of today.

In the early nineties, software production was established as a separate business area
and SmallSoft started to employ additional developers, and thus established a new depart-
ment for tailored IT-systems. After a few years, the IT-business area dominated the firm
that now had grown to 42 developers: 25 developers worked in the Standard Department
responsible for the original and still important standard software that over the years had
developed into a portfolio of subsystems and versions; 15 developers worked in the Tai-
lored Department tailoring systems to a variety of customers; finally, a new department
developed a storage management product based on a recent acquisition of a two person
firm. 

Under the impression of the bankruptcy the founder’s formed a firm culture based
on a low risk attitude and a belief in core engineering skills and long term personal cus-
tomer relations during the first difficult years. Despite growth, SmallSoft’s top manage-
ment and board continued to exercise a defensive business and investment strategy, ex-
pecting a surplus every month. Employees were valued as innovative domain-knowledge-
able experts, often working alone or in very small teams in close connection with custom-
ers. Software engineering skills were generally considered less important. During the mid
nineties, the development of the standard product was fleshed out from development of
customer versions to overcome severe quality problems. Within this subgroup of develop-
ers, software skills, software processes, and product quality became increasingly impor-
tant. 

Data Collection
Data were collected covering a period of ten years, where we periodically worked with
SmallSoft as employees, university teachers, and researchers engaged in action research
(Mathiassen 2002; McKay and Marshall 200; Susman and Evered 1978), described in
greater detail below. Our relationship with the firm began in 1999 when the first author



Research Approach ___________________________________________________________________ 143
was employed as project leader participating in implementing the new quality assurance
system (QA system—launched in 1996) and ended in 2005 when an action research
project was concluded. Through these activities, it was possible to collect a diverse and
rich selection of data from a variety of sources covering a relatively long period of time.
First, as part of a university-based action learning program, a group of employees at Small-
Soft engaged in an SPI initiative starting in 2000, which was supervised by the second au-
thor; the resulting report included assessments of maturity, analysis of practice, descrip-
tions of interventions, and a new SPI organization. Second, in an interview in March,
2004, the key manager at SmallSoft described and reflected on important events in the
firm’s quality assurance (QA) initiative from 1996 to 2004. Third, in fall 2005 we inter-
viewed other key actors on their views of SPI technology adoption. The fourth main
source was the first author’s participation in an action research project with SmallSoft
from fall 2003 to fall 2005; this initiative provided e-mail correspondence, documents,
notes, minutes from meetings, and extensive research notes. Adding flesh to these primary
data sources, we also had access to the firm’s internal SPI document archive, graduate stu-
dent reports from collaboration with the firm, recordings from meetings and work situa-
tions inside the firm, and interviews with research colleagues. Finally, we had extensive ex-
periences from our personal participation in the process of adopting SPI technology at
SmallSoft.

It is recognized that the direct participation in the two action research projects intro-
duces possible bias in selecting and interpreting data. Second, the use of retrospective data
from the interviews, although quite common (e.g., Denis et al. 1995; Sutton and Harga-
don 1996), involves the risk that interviewees forget or rationalize what originally hap-
pened. To reduce the adverse effect of these factors, we took advantage of our access to
many different complementary sources to triangulate findings (Yin 1994).

Data Analysis
Initially, we formed a historical map covering a time span of ten years (1996-2005). We
viewed change processes as sequences of events, classified as either encounters or episodes
(Newman and Robey 1992). Episodes are relatively stable periods of evolution that are
punctuated (Peterson 1998) by compact periods of revolutionary events called encoun-
ters. Working systematically through the data sources, we identified candidate encounters
by selecting events that were either mentioned in the interviews as important or that we
found to have significantly impacted the adoption process. As an initial step towards a co-
herent case story, we mapped the identified encounters according to the chronological
timeline and described them briefly together with the intermediary episodes. Subsequent-
ly, we went deeper into the data and started to analyze each encounter-episode. In doing
so, we focused on SPI related activities, on their impacts on software development practic-
es, and on activities and events in SmallSoft’s environment relevant to adoption of SPI
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technology. As these more detailed analyses progressed, we iterated the selection and de-
scription of encounters and episodes until a satisfactory story emerged. 

Finally, to make sense of how SPI technology was adopted at SmallSoft, we identified
two intrinsically related socio-technical networks. First, there was the relatively stable and
powerful production network in which managers and software developers across Small-
Soft’s three departments developed new solutions in response to customer requests, pri-
marily based on knowledge and experiences available within the firm. Second, there was
the less stable and weaker improvement network through which a small group of different
actors over time attempted to improve practices in the production-network through expli-
cation and diffusion of practices and adoption of new development technologies. These
two networks thus offer complementary perspectives on SmallSoft’s adoption of SPI tech-
nology. One focuses on coping with the everyday reality of software production and the
other on the ongoing SPI efforts. In line with Actor Network Theory (Callon 1986; Cal-
lon and Law 1989; Latour 1987; Law 1991; Walsham 1997), each network includes ac-
tors within the firm, ways of working, current and emerging technologies, as well as rela-
tionships to forces outside the firm.

In our first analysis of the case (Tjørnehøj and Mathiassen 2008) we viewed this
adoption process through the lenses of control and drift (Ciborra 2002; Ciborra et al.
2000), and—in this second analysis—through the lens of organizational improvisation
(Cunha et al. 1999; Kamoche et al. 2003). Working through the encounters and data
once again, we wrote up a coherent story of SPI technology adoption and of how it was
shaped through a combination of management control and improvisations triggered by
unpredictable events in the environment. 

3.2 Process Analysis
The adoption of SPI technology in SmallSoft passed through seven encounters and subse-
quent episodes during the period from 1996 to 2005. This chronology is summarized in
table 2.

ISO-9001-Certification
The QA effort was initiated in 1996 and successfully completed in 1998 with an ISO-
9001 certificate. SmallSoft’s QA system was developed by a group consisting of a depart-
ment manager operating as QA coordinator and two key developers representing both
management interests and engineering practices. The QA coordinator’s interest was to
adopt best practices firm-wide by codifying this knowledge into the QA system as manda-
tory procedures. Top management focused, however, on the certificate; they believed it
would help promote SmallSoft as a professional software house. The QA system was im-
plemented as an on-line library of procedures, checklists, and templates supplemented
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with an internally developed requirement, configuration, and change management tool.
No permanent QA group or other quality techniques were implemented. Project manag-
ers were simply expected to comply with the QA system and all employees received intro-
ductory training in an attempt to spark the knowledge sharing and improvement of prac-
tices in SmallSoft’s production-network. 

ISO-9001 Cer-
tification

SPI Action
Learning

SPI Pilot
Projects

Forming the
SPI Organiza-
tion

SPI Champion
Exit

Learning from
SPI Failure

A Grassroot
Approach

1996-1998 Spring 2000 -
January 2001

Autumn 2000 -
March 2001

January 2001 -
June 2001

November
2002 - Spring
2004

Summer 2004 November
2005

SPI activity Designing IS--
9001 QA sys-
tem

Participating in
action learning
program in
project plan-
ning and SPI

Asessing pro-
cesses, plan-
ning and de-
signing new
process. Con-
ducting SPI pi-
lots

Designing, ne-
gotiating and
decising on
new central-
ized SPI organi-
zation

Participating in
SPI action re-
search project.
Forced to focus
on sales activi-
ties which end-
ed the SPI ac-
tivities

Management
realizing SPI
breakdown an
d starting to re-
flect on present
and past im-
provement
practice

Designing and
implementing a
SPI PIT-orga-
nization

SPI organiza-
tion

An ad-hoc rep-
resentative QA
group (two em-
ployees and the
QA coordina-
tor)

An ad-hoc ac-
tion learning
group (3 key
employees ap-
pointed to the
education).
The QA coor-
dinator is inter-
nal sponsor

An ad-hoc ac-
tion learning
group (3 key
employees ap-
pointed to the
education). 2
production
projects as pi-
lots. 
Top managee-
ment and the
supervisor are
members of the
steering-com-
mittee

A new central-
ized perma-
nent SPI group
appointed. (2
from the ac-
tion learning
group and the
QA coordina-
tor)
Ad-hoc PIT
groups for each
SPI initiative
can be formed

Until the
breakdown:
The same cen-
tral SPI group
+ the action re-
searchers as
consultants

After the
breakdown: No
SPI organiza-
tion

No SPI organi-
zation
However the
QA coordina-
tor is still en-
gaged personal-
ly

A permanenet
PIT-organiza-
tion is imple-
mented.
All employees
participate in
an improve-
ment team. 
The QA coor-
dinator is still
sponsor

Immediate im-
pact of SPI ac-
tivity

Successful ISO-
9000 certifica-
tion & imple-
mentation of
the new config-
uration man-
agement tool

Successful
learning as new
knowledge and
energy was feed
into the firm.
No change of
practices

Successful
CMM assess-
ment, knowl-
edge of appro-
priate change-
practice gained,
new processes
designed and
tested

Successful de-
sign and deci-
sion on a new
SPI organiza-
tion
Members were
appointed to
the SPI group
and started
working

The SPI chan-
pion left the
firm, partly be-
cause of the
breakdown of
the SPI initia-
tives

The QA coor-
dinator devel-
ops new under-
standing and
views SPI prac-
tice.
Renewed col-
laboration with
researchers

Successful and
enthusiastic de-
sign and imple-
mentation of
the new ‘grass-
root’ SPI orga-
nization

Impact of SPI
activity in sub-
sequent episode

Failure of im-
plementation
of the QA sys-
tem

No episode
(the SPI pilots
were launched
right after)

New knowl-
edge of SPI and
organizational
change.
No change of
practice (see
also next en-
counter and ep-
isode)

No change of
practice.
Successful eval-
uation of orga-
nizational
change practice
documented.

All SPI initia-
tives stop.

Elaboration on
ideas and re-
search

3 worksing
PITs.
18 employees
and managers
involved in the
improvement
network.
Future success
unpredictable.

Table 2: Chronology of SPI technology adoption
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After the certification, management left no doubt about the order of priority in
SmallSoft as successful sales resulted in increased workloads; everyone focused entirely on
producing software and serving customers. No time and energy was left to institutionalize
procedures or reflect upon resulting practices; the newly formed improvement-network
was largely reduced to the QA system itself that did not bring any noteworthy changes to
practice. However, configuration management practices were improved leading to better
customer relations, when the new tool was successfully implemented as part of the QA
system; the tool was initially developed by employees in immediate response to customer
dissatisfaction.

In a later analysis (spring 2001) of the impact of the QA system, the action learning
group (see below) summarized these developments:

“There is no doubt that the process leading to the ISO 9001 certificate has im-
proved the quality in software processes. However, the focus on quality assur-
ance and software improvement has been declining among both management
and employees since then” (The action learning report).

SPI Action Learning
In spring 2000, the local university offered SmallSoft an action learning education pro-
gramme (Mathiassen et al. 1999) in project management and improvement. SmallSoft’s
management welcomed this unexpected opportunity for learning that triggered an impro-
vised SPI initiative and thus formed a self-governing action learning group with three key
employees. They hoped that their involvement in education would help grow an informal
university-industry-network within the region, boost SmallSoft’s image as a professional
firm, and provide a useful update on software engineering knowledge. However, they kept
their own focus on the production-network, responding to business and customer needs.

While attending the course at the university, the action learning group studied
project management and SPI theory and engaged in discussions with teachers and fellow
students from other firms. The action learning was conducted as supervised projects ap-
plying theory to support interventions in each participating firm. The action learning
group identified difficulties within SmallSoft in prioritizing improvement work in rela-
tion to everyday production work as the main threat to successful SPI. As a consequence,
they formally established an improvement-network as a counterweight to the production-
network and as a means to more effectively involve management and colleagues in SPI ac-
tivities, sharing their SPI knowledge. 

SPI Pilot Projects
The action learning group agreed with management to conduct interventions according
to the IDEAL-model (McFeeley 1996). In the diagnosis phase, they assessed SmallSoft’s
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process maturity through a simplified CMM-like questionnaire focused on maturity level
two: requirement management, project planning, project tracking and oversight, subcon-
tract management, quality assurance, and configuration management. 

SmallSoft failed the assessment by complying, in one extreme, with a little less that
half of the norm for ‘project tracking and oversight’ and ‘quality assurance’ and, in the
other extreme, with 70% for ‘configuration management.’ The action learning group re-
flected on this result:

“It is surprising that requirement management and project planning do not
score well relatively. They provide the core contracts of development projects,
they have been the focus of an earlier QA initiative, the QA system contains
procedures and standards for these areas and IT-based tools are available for
both.” (The action learning report).

The action learning group presented the result to management, who subsequently wanted
to keep investments low by integrating already planned improvements on project plan-
ning. The group agreed on two interventions: (1) project planning, tracking, and over-
sight, and (2) quality assurance:

“Project planning, tracking, and oversight was by management regarded as top
priority, partly because the assessment and experiences from earlier, and partly
because they were already preparing an experiment with a new planning and
tracking procedure.” (The action learning report).

The concept of ‘quality meetings’ was spontaneously created and agreed upon as the QA
initiative at the same meeting inspired by experiences from a SPI initiative in another
Danish firm: 

“Quality meetings with a project external reviewer throughout a project’s life-
cycle should help evaluate the state of both the process and the product.”
(The action learning report).

Interventions into two pilot projects were planned by the action learning group taking the
management policy of no extra workload for pilots into account. The action learning
group expected to gain improvement experience from the pilots among other advantages: 

“The pilots allow modification of the processes before introduction to the en-
tire firm, if necessary. Ambassadors (the participants) are trained as a spin-off
to help spread the new practices to the rest of the organization.” (The action
learning report).

The action learning group planned four meetings with each pilot, two of which prepared
and planned the intervention while two practiced the new processes under their supervi-
sion. The introductory discussion of assessment results and participation in planning the
interventions created a positive attitude. However, applying the newly designed proce-
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dures and templates for project planning was a failure. The first pilot had already commit-
ted externally to a plan, so they preferred to focus on risk and stakeholder analysis instead.
The other pilot planned according to the proposed procedure, but shortly thereafter, the
customer unexpectedly wanted to turn the project into a flexible prototyping exercise.
Both initiatives failed, simply because they lacked coordination with the stronger produc-
tion-network.

The introduction of quality meetings was more successful in both pilots. A workshop
introduced a coherent, flexible, and simple one-page paper based tool to support planning,
conducting, and documenting the quality meetings: 

“The workshop was a success and participants from both pilots supported the
quality meeting concept. The pilots especially focused on the advantages of be-
ing externally evaluated, getting external sparring and a second opinon of
problems. All agreed that this would lead to higher quality of work.” (The ac-
tion learning report).

The first quality meeting in both pilots led to improvements in plans and products, and
the participants found the practice simple, useful, and effective. The pilots were evaluated
both by management and as part of the education; the results contributed to the forming
of a new SPI organization for SmallSoft. 

Forming the SPI Organization
While engaged in the pilots, the action learning group negotiated a plan for continued SPI
with management over three meetings. As a result, management gradually adopted SPI as
a way to promote SmallSoft as a professional software house, thus supporting the im-
provement-network. After the diagnosis in October 2000, management was introduced
to SPI by the university supervisor and committed to participate in a workshop on further
adoption of SPI technology in SmallSoft:

“In an introductory presentation the supervisor listed arguments for continu-
ous process improvements, described possible tasks, and estimated necessary
resources.” (The action learning report).

At the workshop a few weeks later, the action learning group provided management with a
status on the pilots, an overview of all existing improvement initiatives at SmallSoft, and a
tailored proposal for SPI in SmallSoft based on CMM: 

“The action learning group found 25 current and planned improvement initi-
atives. These were either initiatives described in strategy and plans, or so called
bubblers that had been spontaneously initiated as a local initiative within a de-
partment.” (The action learning report).
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The bubblers were a well known part of the SmallSoft culture, as employees were expect-
ed to do their best and change practices if needed. This high degree of delegation led, over
time, to important improvements of software practices, improvised as local or even indi-
vidual initiatives that were triggered by events or needs unplanned for. 

Management approved the proposal as interesting and feasible, but asked for more
detailed planning before they could commit fully. In the beginning of March 2001, when
the pilots were done, the action learning group presented detailed plans for a SPI organi-
zation for SmallSoft. The group suggested limiting improvement focus to project man-
agement, but top management wanted to include software engineering and customer rela-
tions. Revising and implementing practices tested in the pilots and preparing for a new
CMM assessment were the first tasks. 

The SPI organization (figure 1) was centered round an SPI group coordinating and
planning initiatives handled by dedicated process improvement teams (PITs) consisting
of members of the SPI group and interested developers.

The decision cited in the minutes from the meeting was: 

Figure 1: SPI organization based on CMM
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“A SPI initiative is established in SmallSoft as described in the proposal with
the noted changes. At the next staff meeting (April 2001), this initiative will
be presented to all employees of the firm. Before the meeting the new SPI
group will be formed and ready to work.” (Minute from the meeting).

Due to the well prepared proposal, the comfortable order situation, and the positive expe-
rience with the QA system, management was very supportive. The top manager pro-
claimed that SmallSoft would reach CMM level three in three years even though the QA
coordinator and the SPI group were skeptical.

The formation of the SPI group resulted in some experienced developers feeling un-
dercut in their professional authority since they had not been chosen as members. The SPI
group included the QA coordinator and employees with extensive SPI knowledge. All
members were, however, deeply involved in the production-network and could hardly
find time or energy for SPI. The group met for the first time in June 2001 and it took an-
other meeting in August before they – six months late - presented the SPI organization at
a staff meeting in November.

One member acted as SPI champion; he deeply believed in the quality meeting con-
cept as a realistic way to improve practices and products. He pushed the concept as part of
the August meeting agenda and presented a detailed and revised quality meeting process
persuading the others to implement the concept in their departments straight away. He
personally conducted the first quality meeting in September 2001.

In summary, while management believed SPI technology adoption was on track, this
episode was characterized by low SPI activity and neglect or even hostility from developers
left outside the formally established improvement-network. Even the SPI champion did
not succeed in engaging the other members of the SPI group. No other developers were in-
volved since no PITs were formed. 

Priorities in the firm still favored the production-network, but the QA coordinator,
having no energy left for SPI initiatives still looked for ways to empower the improve-
ment-network. He engaged a student group from the local university in fall 2002 to ana-
lyze the ongoing SPI efforts. The students recommended decentralization of SPI based on
self-improving software teams, due to the customercentered, delegated, and experiment-
ing culture at SmallSoft. The analysis was discussed with the QA coordinator, but it had
no visible influence on the improvement-network. 

To sum up, the adoption of SPI technology failed and the improvement-network
continued to be characterized by rather weak and heterogeneous interests.

SPI Champion Exit
Early 2003, SmallSoft entered an action research project with the local university hoping
to revitalize SPI technology adoption. The researchers and the SPI group planned SPI ac-
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tivities such as a best practice survey, implementation of code review procedures, and im-
provement of the quality meeting practice (five quality meetings were conducted during
the first 6 months of 2003). The number of activities was overwhelming for the SPI
group, but since the SPI champion hoped the collaboration could bring about real
change, he dedicated personal energy and working hours. 

During fall 2003, SmallSoft experienced a decline in the market and intensified their
sales efforts. They had to downsize for the first time ever in spring 2004. The situation
drained focus away from the renewed SPI effort and SmallSoft postponed or cancelled
most activities. The SPI champion became increasingly frustrated and finally left the firm.
The champion disagreed with management priorities and found that a strong improve-
ment-network was crucial to the long term survival of the firm. As a result, all SPI activi-
ties stopped, but the research project leader pushed the QA coordinator to reengage or
leave the project. This external pressure led to negotiations of continued collaboration.

Learning from SPI Failure
The failure of the centralized, norm-based SPI initiative forced the QA coordinator to re-
flect on the situation. At this point, in fall 2004, he defined the central organization as a
complete failure:

“In the beginning, we wanted a central SPI group to coordinate and manage
SPI activities without doing all the work. We told people to forward their
ideas for improvement to us, and then we would organize implementation in
practice. It was a complete failure” (Interview with QA coordinator)

He pointed to three reasons for the failure: lack of time in the SPI group, neglect from
everybody else, and the need to maintain monthly economic surplus for the firm limiting
investments in innovation. The QA coordinator was, however, still committed to the im-
provement-network since he believed continuous improvements were necessary to sus-
tain the firm.

He realized the dominance of the production-network over the improvement-net-
work, and reflected on how successful improvements had been driven by production
needs, thus creating overlap between the production-network and the improvement-net-
work. Several improvements had been implemented during the relatively short lifetime of
the firm, especially before the formation of the SPI group. These improvements were of-
ten initiated by developers experimenting with innovations, which subsequently spread
by word of mouth (bubblers). Both the configuration management system and the QA
system were initiated in this way before they were upgraded to firm level and granted re-
sources: 

“Then I started to worry if forming a central SPI group had killed the grass-
roots improvements, and if nothing happened in the SPI group, what would
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then be the result? No improvements anywhere?” (Interview with QA coordi-
nator).

The QA coordinator started to advocate for a grassroots-view of SPI as suitable for Small-
Soft, in line with the earlier recommendations from the student group. Three considera-
tions led to his conclusion: small firms cannot afford to invest in a dedicated improvement
unit; the centralized SPI initiative implied increasing overhead; and a centralized SPI
group wouldn’t know established practices well enough to propose realistic and efficient
changes.

The researchers agreed to investigate how this approach to SPI could be facilitated
and implemented so the improvement-network was better in line with the production-
network at SmallSoft. 

A Grassroots Approach
Projects and individuals of SmallSoft had proven capable of improving practices often
triggered by unforeseen changes in demands, but exploration of grassroots approaches to
SPI raised the question of how local improvements spread firm wide. In December 2004,
the researchers conducted a social network analysis of the improvement-network display-
ing very close connections within each department, but only loose connections across de-
partment borders and to top management (Nielsen and Tjørnehøj 2005), see also chapter
9. Thus, SmallSoft had a highly developed network for local improvements, but no basis
for sharing knowledge and practices across departments. The researchers suggested either
making SPI initiatives local to departments, thus losing the benefits from sharing knowl-
edge, or building relations between departments to support knowledge sharing.

These insights strongly impacted a SPI strategy meeting in March 2005 by engaging
two department managers (including the QA coordinator) and top management in a dis-
cussion of experiences with SPI, the QA system, and the problems and benefits of having
self-governed developers and departments. In the light of a welcomed sales boom making
it difficult for the new department to keep up with demands, management felt that they
could learn from the two established departments to avoid well known failures. Thus,
knowledge sharing between departments was given priority within SmallSoft.

One of the researchers had just learned how a well-reputed Danish firm had success-
fully moved to level 3 in CMM by involving all employees in PITs. This success inspired
SmallSoft to form eight improvement initiatives across departments in a matrix-like PIT
organization. Management decided to engage all developers in one or more PITs and, as a
strong sign of management commitment, they granted man-hours to the task. Employees
were assigned during summer 2005 to ensure participation from all departments and
more projects in each PIT (table 3), facilitating knowledge sharing across organizational
boundaries.
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In August 2005, the PIT organization was launched at a kickoff meeting engaging most
developers in discussing the implications of the new approach. The PITs were self-organ-
ized and autonomous with respect to improvement directions, but management launched
each of them according to priority. 

In November 2005, three out of eight PITs were active, but working at a slower pace
than expected. The PITs experienced major differences in practices between depart-
ments. Members from the established departments were expected to transfer practices to
the new department, but the new department had its own traditions and preferences. De-
spite these challenges, the PITs made progress and arrived at acceptable solutions. Eigh-
teen developers and parts of management were now participating in an improvement-net-
work that seemed to grow stronger than ever during adoption of SPI technology at Small-
Soft.

4 Discussion

4.1 The Role of Improvisation in SmallSoft
The aim of the follwoing analysis has been to investigate why, when, and how improvisa-
tion shaped adoption of SPI technology at SmallSoft. The analysis of improvisation in the
adoption process, based on the framework in table 1 (Cunha et al. 1999; Kamoche et al.
2003), shows that improvisation played a role in most encounters except the economical
breakdown. In fact, improvisations were present at SmallSoft in many different shapes
with varying degrees, types, levels, and outcomes. In some encounters, actors improvised
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Table 3: The PIT matrix organization
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on behalf of the organization in response to an unexpected event, but in ways that contra-
dicted other actions in the situation. 

An example of contradicting improvisation can be found in the ‘ISO-9001-Certifica-
tion’ encounter that focuses on evolving the QA system for software development in
SmallSoft. In terms of improvisation, this encounter formalized procedural memory
(Moorman and Miner 1998) that in itself could hinder improvisation (Cunha et al.
1999). The reasons for introducing additional procedural memory into SmallSoft were
partly trends within the software discipline but mostly management’s wish to some extent
to control the production-network. The culture of the production-network was dominat-
ed by autonomous domain-experts with close customer contact, mostly working in small
one or two person projects. Because of the close connection to customers, these employees
were constantly exposed to unexpected events and to time and performance pressures.
They also generally lacked theoretical software-development knowledge and only rarely
shared experiences from practice with other employees. They therefore commonly felt an
immediate need to act on the events (improvise), even though they might have time to
plan, search for knowledge and carry out orderly action. These micro-improvisations, as a
consequence, took place on a daily basis at the individual level of the organization, as re-
sponses to emerging project challenges and were mentioned in both management and em-
ployee interviews. 

The attempt to introduce a shared procedural memory of the firm was intended to
eliminate or at least reduce such improvisations by implementing procedures that were
more appropriate in terms of efficiency, risk, and productivity (e.g., the QA coordinators
interest in the QA system). However the ‘ISO-9001-Certification’ episode was character-
ized by increasing time pressures due to a welcomed, but unexpected sales success; since
the need for immediate responses seemed obvious to everybody in the production-net-
work, the level of improvisation was increased, rather than reduced, striving to satisfy
emerging customer demands. Management accepted that the new procedures were
pushed into the background, thereby sanctioning contradictory actions compared to the
intentions behind the ISO-9001 Certification.

The micro-improvisations described above continued to dominate the production-
network culture through all ten years, ensuring flexibility, personal learning, and motivat-
ed employees, but maybe at the cost of over-improvising (not working efficient) due to ad-
dictiveness to this form of response. The benefit was that employees continued to produce
what was expected, despite insufficient resources and a constantly changing environment.
The micro-improvisations at SmallSoft are, on the one hand, expressions of an experimen-
tal culture with low procedural memory; on the other hand, they are also the result of
management practices that provide insufficient structural support, coordination and lead-
ership for improvisation in the production-network (Cunha et al. 1999). Leadership can
be executed very differently in relation to different types of improvisation (Kamoche et al.
2003), but it plays a key role in facilitating  improvisations to benefit the organization as a
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whole. Coordination can be based on minimalist structures to ensure a shared feeling of
urgency and an appropriate level of coherence among individual improvisational actions.
Third-order controls, shared goal-setting, and deadlines are often part of such minimalist
structures (Cunha et al. 1999). However, these elements were only sparsely present in re-
lation to the micro-improvisations at SmallSoft. Deliberately choosing and utilizing these
as part of management practices could have increased benefit of the improvising culture
for SmallSoft. 

The micro-improvisations at SmallSoft were complemented by macro-level improvi-
sations when management or organizational actors in close collaboration with manage-
ment faced unexpected events on the organizational level. These improvisations were
present in the row of three encounter-episodes that started with the ‘SPI Action Learn-
ing’ encounter. In these cases, improvising actions were not intrinsically related to the dai-
ly activities of the production-network; instead, they unfolded at the organizational level
with the economy, strategy, reputation, and political factors playing important roles in
shaping them. The timeframe of macro-improvisations may be longer, but the triggering
events are still characterized by being unplanned for and making actors feel a need for im-
mediate action. 

SmallSoft received an unexpected offer to join a local action learning effort. Manage-
ment improvised and asked three leading employees to participate, expecting them to
bring back and utilize new knowledge in the improvements of software practices within
the firm. The products of this improvisation were the centralized SPI organization and
learning about organizational changes and software processes; the SPI pilots were also im-
portant parts of these improvisations spreading knowledge to the organization. A mini-
malist structure to facilitate these improvisations was provided by the educational envi-
ronment (including goal setting and exams) and by the theories taught and shared. The
leadership was to some extent performed by the supervisor, but supported by and in col-
laboration with SmallSoft’s management. These improvisations varied in degree (Weick
1998) from ‘variations’ over the SPI theory when shaping the new SPI organization, to
‘full flesh grass roots improvisations’ in the design of the new QA tool. Improvisation to-
wards a new SPI organization as part of the SPI effort was a success in relation to Small-
Soft’s immediate goals; therefore it was unexpected when the following episode displayed
the mismatch between organizational reality and the outcome of the improvisational pro-
cess, e.g., the central SPI organization never worked. Even though this particular improvi-
sation was guided by both appropriate minimal structural support and leadership as part
of the education, the product did not fit reality (Vera and Crossan 2004). SmallSoft also
improvised at this point to exploit possibilities for improvement over a longer time peri-
od, when involving the students from the local university and the researchers in the action
research project. 

During the encounters of the breakdown of SPI technology adoption, where the SPI
champion exited and the QA coordinator reflected on the adoption of SPI technology, no
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improvisations took place with regard to process improvement. All available resources
were spent on sales activities in response to the problematic economic situation at Small-
Soft. However, as a result of the reflections, the QA coordinator recognized that the mi-
cro-improvisations within the production-network were a main source of improvement
within the firm. Moreover, he feared that the emphasis on building and enforcing a proce-
dural memory could weaken this productive, experimental culture. Together with the re-
searchers, he therefore improvised in the encounter ‘A Grassroots Approach’ to find ways
to merge the grass roots approach within the production network with the need to share
knowledge and procedures across the firm. This improvisation was driven by goals ex-
pressed by SmallSoft’s management and based on experienced problems in the firm cul-
ture. The need for a new approach to SPI became urgent when—again—good sales in the
new department happened unexpectedly, bringing the challenge related to knowledge
transfer and sharing of software processes across the firm to the forefront of attention.
During the management meeting, the goal was clarified and the new SPI organization was
sketched, inspired by experiences from another firm. 

In summary, through the ten year period SmallSoft constantly improvised to meet
unexpected events at all levels of the organization. Being a small firm in a turbulent envi-
ronment with a market under transformation, many events could not be foreseen and
planned for. The firm culture at SmallSoft was experimental with a low level of both for-
mal and informal procedural memory, leaving room for a high degree of improvisation
(Moorman and Miner 1998). We found micro-improvisations happening at the individu-
al level and responding to project-local events within the production-network. These were
characterized by impulsiveness and hardly supported by structures and leadership. The
micro improvisations were mostly uncoordinated with the overall goals of the firm and
the material utilized was local, highly situated, and rarely shared across projects and de-
partments. On the other hand, the macro level improvisations happened at the manage-
ment level of the organization as a response to unexpected events in the firm’s environ-
ment. At this level, we found examples of both high and low coordination and of struc-
tures and leadership that supported the improvisations. 

The improvising culture and ability of SmallSoft can be seen as a great strength for a
small firm in a turbulent and unpredictable world, provided that improvisations address
appropriate challenges and are supported and coordinated to ensure benefits for the firm.
On the other hand, improvising within SmallSoft when there is no need—because events
could be planned for either through procedural memory (routine) or because there is no
real time or performance pressure—can jeopardize efficient production.
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4.2 Improvisational Advice on SPI
Based on our analysis of the SPI adoption process at SmallSoft and the theory on organi-
zational improvisation, we provide advice for managers of firms that want to exploit im-
provisation in adoption of complex technologies.

Facilitate deliberate improvisation
The microimprovisations of SmallSoft happened rather impulsively while the macro-im-
provisations were more deliberate, i.e., unplanned events were evaluated to understand
their potential to bring new ideas and changes to the firm and, based on this evaluation,
management could deliberately choose to improvise. Facilitating such deliberate improvi-
sations helps a firm improvise when appropriate, i.e., when the situation calls for it. We
thus advise managers to identify and analyze unexpected events to determine whether
they are suitable triggers for improvisation in the technology adoption process (Cunha et
al. 1999).

Provide explicit support structures
The improvisation in the ‘Action learning’ and ‘SPI pilots’ encounters was guided by ex-
plicit coordination mechanisms supported by the (minimal) structures of the formal edu-
cation. The improvisation thus became manageable and coherent, aiming at a well known
and shared goal that included both learning and change. Even though the product, i.e., the
formalized SPI organization, was rather unsuccessful, the outcome was mostly positive,
that is, in learning, flexibility (change indeed), and motivation. Coordination can be pro-
vided formally, but often explicitly shared goal setting (sometimes involving manage-
ment) is sufficient. Common minimal structures are deadlines (Cunha et al. 1999), tools,
and theories that decrease the risks of improvisation. In adoption processes, technology
often plays an important role as a minimal structure and an implicit coordination mecha-
nism. Management is advised to plan such coordination mechanisms and minimal struc-
tures and to provide them during improvisations. Management should also ensure that
structures stay minimal to leave as much room for improvising as possible (Cunha et al.
1999).

Exercise leadership
Explicit leadership of improvisations was sparse at SmallSoft, except at micro-improvisa-
tion level, since improvising individually on unexpected events takes leadership and re-
sponsible acting. Explicit leadership of the improvisations at macro level could have
sparked innovation in SmallSoft. The leadership style recommended when improvising is
one of supportive and collective turn taking because this invites and encourages each
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member to give contributions to the ongoing improvisations, thus ensuring that all
knowledge, skills and resources add to the solutions (Cunha et al. 1999). This points to a
need for collective improvisations at both micro- and macro-level to increase learning, in-
novation and knowledge-sharing. Management is often the formal leader of the improvis-
ing group, and should, on the one hand, perform servant leadership to create room for the
leadership within the group thus reducing pressure on the members; on the other hand, it
should serve the organizational objectives through clear goals and other minimal struc-
tures.

Cultivate improvisations
The experimental culture at SmallSoft facilitated improvisation that sustained the innova-
tive capability of the firm, but in some situations they improvised even when they did not
have to. It is important to cultivate knowledge, values, and practices to develop and sustain
the improvisational capability of the firm to stay innovative, at the same time keeping pro-
duction efficient; it is important to set standards to avoid improvising in routine situa-
tions or other situations that can actually be planned for and carried out according to pro-
cedural memory. Such behaviors can lead to inefficient work practices and low quality.
Management should hence strengthen and secure sharing of procedural memory through-
out the firm as SmallSoft did, especially in the last grassroots approach encounter.

5 Conclusion
As indicated in the literature review; organizational improvisation is a rather unexplored
field, specifically within IS and technology adoption. We have investigated the role of im-
provisation in a longitudinal study reporting from a ten year period adopting SPI technol-
ogy in SmallSoft, thus adding significantly to the empirical evidence in the field. The
strength of the study, that is, its being longitudinal, is also the source of its main limita-
tions. Much of the data is retrospective either through the interviews or through our own
involvement in the case. The amount and complexity of the data also calls for both analy-
sis and interpretations. We have triangulated between many data sources and research to
reduce the effect of this, achieving a positive result.   

We found two significant different levels and types of improvisations that persistent-
ly interacted, often uncoordinated, throughout the whole period, shaping the innovation
of the firm. Micro-improvisations mostly individually performed and characterized by be-
ing variations over personal practices and skills when facing new and unexpected project
challenges. Macro-improvisations on the organizational level, where planning and action
still converge, but hastiness of the action is less obvious. Instead strategy, the economy, rep-
utation and political factors play an important role in shaping the action. As the formal
leaders of macro-improvisations management can serve both the improvising group and
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the organizational objectives through goal setting, while it is harder to secure that the mi-
cro-improvisations are in line. We find that further research on improvisation has to take
into account the possibility of different and opposing improvisations in one organization.

Based on this study, we advise managers how to enhance an appropriate improvisa-
tional culture of their organization through deliberate leadership, thus balancing learning,
knowledge sharing, innovation and efficient production when adopting SPI technology.   
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The Road To High Maturity

How the first Danish company reached CMMI level 5 in 100
months

Jan Pries-Heje , Jacob Nørbjerg Ivan Aaen and Thomas Elisberg

1 Introduction
Since the early 1990s many organizations have embraced the idea of Software Process Ca-
pability and Software Process Improvement (SPI). A documented maturity level is be-
coming increasingly important for organizations opting for contracts in various areas; e.g.
the US Department of Defense contractor for the Joint Strike Fighter expects at least a
CMMI (Capability Maturity Model Integrated; cf. Chrissis et al. 2003) maturity level of
3 or 4, depending on the type of project; further, in Denmark the Ministry of Science,
Technology and Innovation has developed a model to measure maturity that they suggest
has become an integrated part of a standard contract between supplier and public custom-
ers.

SPI is, however, a very complex, resource demanding, and long-term process. On av-
erage, it takes 18 months to move up one maturity level , and many have reported a very
high failure rate. For example, in a study of a large number of organizations, Goldenson
and Herbsleb (1995) reported that in SPI 26% agreed that “nothing much has changed”
and 49% declared themselves to be disillusioned.

This chapter, however, describes and analyses how a company did succeed in moving
from level 1 to level 5. The process was very successful in the sense that the company man-
aged to reach the goal it set out to reach. Section 2 views improving maturity in essence as
an organizational change process and ends with choosing a simple organizational change
165



166 ___________________________________________________________ The Road To High Maturity
model as our theoretical lens for categorizing findings. Section 3 summarizes what maturi-
ty and CMMI is about. Section 4 presents our research method, including data collection
and data analysis. Section 5 describes the case study of how the Danish software house Sys-
tematic progressed from level 1 to level 5, measured using CMMI. Section 6 sums up our
findings before the conclusion in section 7.

2 Organisationel Change
Our starting point is that SPI is in essence an organizational change process, that is, the
processes in an organization, and the behavior and interaction of people, groups, projects
and, in fact, the whole organization. Many authors have written about organizational
change from different perspectives including psychology, sociology and business. Contri-
butions to organizational change have been built on empirical work in a wide variety of or-
ganizations. There have been both descriptive accounts of change and normative models
that aim to guide the change process.

In terms of the historical accounts of change, three different schools of organizational
thinking have provided metaphors to describe the nature of the organization and organi-
zational change. 

The first school—and the oldest approach to organizational design and change -
dates back to the end of the nineteenth century where Frederick Taylor, Henri Fayol and
Max Weber pioneered organizational theory as we know it today. In this perspective, an
organization is seen as a production system where it is possible to optimize the system's ef-
ficiency and effectiveness. Thus, organizational change is about optimizing planning
through observation, experimentation, calculation and analysis.

In the 1930s and 1940s the second school challenged the classical view of organiza-
tions to provide a new perspective. In relation to change, this perspective is characterized
by the belief that organizations are co-operative, social systems rather than mechanical
ones, where people seek to meet their emotional needs (Burnes 1996; Borum 1995). So
the metaphor for an organization is a (large) group of people with an organizational cul-
ture and visible communication and interaction processes between them.

The third school of thought has been called the political-emergent perspective
(Burnes 1996; Borum 1995), characterized by the belief that organizational change is
shaped by the values, interests, commitments and power-struggles of individuals and
groups. They compete amongst themselves for power and resources; there are differences
of opinion and of values, conflicts of priorities and of goals (Handy 2005).

If we now turn from describing to prescribing, the most prominent example of a pre-
scriptive model for organizational change is Kurt Lewin’s (1951) three-step model from
1951: Unfreeze - Move - Freeze. 

To unfreeze, the change agent—that is the person or group responsible for making
change happen—has to make the organization receptive to change. The individual must
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realize that there is a need for change: typically, by identifying a problem of relevance to
the individual. This first step is called unfreezing because if the change agent does not take
the time to create organizational receptivity, the organization will behave like a block of
ice; it will naturally resist change.

To move, the change agent typically proposes a solution to the relevant problem that
was identified during the unfreezing process. In this stage there will be factors that pro-
mote the change and others that work as barriers to change. A very simple change tactic is
then to support the promoting factors and suppress the barriers.

The third step is to freeze, that is, to make sure that the change becomes a permanent
part of how the organization works. You freeze water thereby ensuring a more permanent
shape. Likewise, one ‘freezes’ the organization to make change permanent.

 The strength of the unfreeze-move-freeze model is its simplicity. It gives clear and
simple prescriptive guidelines for implementing change. One needs to go through all
three steps and in the prescribed order. Weick and Quinn (1999) ascertain that the Lewin
model has been “surprisingly durable over the years” and that the model “continues to be a
generic recipe for organizational development.” 

Another widespread normative model was developed by John P. Kotter (1996). He
recommended eight steps in an organizational change process: (1) establish a sense of ur-
gency, (2) build support, (3) develop a change vision, (4) communicate the change vision,
(5) empower and enable action, (6) generate short-term wins, (7) consolidate and re-vital-
ize change, and finally (8) anchor a new approach in culture. Steps 1 to 4 in this model are
more or less equal to Lewin’s ‘unfreeze,’ steps 5 to 7 relate to moving the organization, and
step 8 is the same as what Lewin calls ‘freeze.’ This confirms the rather bold statement by
Hendry (1996, p. 624) where he purports that one can “scratch any account of creating
and managing change and the idea that change is a three-stage process which necessarily
begins with a process of unfreezing will not be far below the surface. Indeed it has been
said that the whole theory of change is reducible to this one idea of Kurt Lewin’s.”

If we look for guidance on organizational change in the SPI literature, Humphrey
(1989)—one of the founding fathers of CMM and CMMI which is the most widespread
maturity model used for SPI—also reuses the Lewin model. 

Thus, there appears to be a considerable number of arguments in favor of choosing
the Lewin change model as our theoretical lens when analyzing the change process involv-
ing maturity improvement.

3 Maturity and CMMI
The Capability Maturity Model (CMM) is a framework characterizing a 5-step path for
software process improvement (Paulk et al. 1995). The path describes key processes at
each of five levels. The description includes a number of goals at each level. An organiza-
tion has to meet the goals at one level to reach the next. For example, to go from the basic
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level 1 where behavior is characterized by being ad-hoc and intuitive to level 2, you need to
achieve the goals incorporated in six key process areas: requirements management, sub-
contractor management, project planning, project tracking, quality assurance, and config-
uration management.

The CMM became so popular that a large number of other models using the same 5-
step path were invented. For example, People-CMM, Integrated Product Development
CMM, Systems Acquisition CMM (Cooper and Fisher 2002), Testing Maturity Model
(cf. Burnstein 2002), and several others. Finally, a large number of the CMM-models were
summoned in CMM-integrated—or just CMMI. The major difference between CMM
and CMMI is that Systems Engineering is included. That means that there are more key
processes, making it more useful in companies that are not only developing software but
also combining software with, for example, mechanics, electronics or other kinds of hard-
ware (cf. Ahern et al. 2001, Chrissis et al. 2003, CMMI Product Team 2002).

If we use the terminology of Lewin (1951) as argued above, we can characterize the
maturity improvement process using CMMI as a series of unfreeze-move-freeze cycles. 

Each cycle begins with an assessment according to a maturity model such as the CM-
MI. The assessment identifies the goal of the change, as well as the changes needed to
reach that level; i.e., reaching the next higher maturity level and the changes in the organi-
zation's software processes required to do so. The purpose of the moving phase, then, is to
define and introduce new or improved software processes. The change process ends when
the new processes have been disseminated in the organization and a new assessment con-
firms that the organization has reached the next maturity level. This also marks the begin-
ning of the next change cycle - unless you have reached the highest level, at which time you
just maintain the change you have achieved. 

4 Research Method
The case study approach was adopted as the main strategy of inquiry. Thus, this study can
best be categorized as an intrinsic case study with the purpose of telling the story and com-
ing to an understanding of the challenges in normative software process improvement
(Stake 2000). 

The long term collaboration between the case company and the research group has
made it possible to study the company from the beginning of the software process im-
provement effort to the culmination with the CMMI level 5 certificate eight years later. 

Three of the authors of this chapter first came into the Danish software house Sys-
tematic in 1997 as part of a large research undertaking (cf. Mathiassen et al. 2001). Over
the years we gathered comprehensive documentation, conducted numerous interviews, re-
viewed material, participated in meetings, etc. The fourth author was introduced to Sys-
tematic in 2003 and worked as an intern in the company as part of an action research un-
dertaking in 2004-05. 
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The data was collected applying a multi-method design using historical data as well
as new data. After Systematic reached CMMI level 5 in November 2005, we gathered all
the material we had from eight years of research and structured it according to the levels
in CMMI: level 1 to level 2, 2-to-3, 3-to-4 and 4-to-5. The collected material was used as
basis for a search conference in 2006. Based on action research and similar to a focus
group, search conference participants “bring the whole system in the room” to exchange
views and learn from one another. Participants share observations, engage in collaborative
analysis, and logically test discoveries in an interactive debate.  Search conferences pro-
duce data and findings coincidently (Levine et al. 2002).

Like other forms of action research, search conferences are expedient, providing rap-
id and useful outcomes, while to some extent sacrificing the scientific goals of replicability
and proven validity. We organized the search conference with a common start where 4 re-
searchers and 5 SPI practitioners were in the room. After an hour we broke into four sub-
groups, each with 1 researcher and 1 practitioner focusing on obtaining each of the levels
from 2 to 5. Then after 2 hours we met in common again and summarized all the find-
ings. We recorded the whole search conference and transcribed key parts. The transcripts
were used for further analysis and coding of the data. In the case study below all citations
stem from the search conference transcripts.

After the first round of analysis additional interviews were conducted in November
2007. This extra round of data gathering and analysis added a management perspective in
that the Systematic CEO participated in a 5-hour interview that emphasized the role and
responsibility of top management. Furthermore the interview with three people in No-
vember 2007 focused on the effect and outcome of having obtained the level 5 certifica-
tion.

For coding we used the theoretical lens that the Lewin’s (1951) change model pro-
vided. That gave us four main categories of observations for each transition to a higher
maturity level: the unfreeze, the process, promoters and barriers, and the effect and bene-
fits. Finally, a comparative analysis of the four categories across the four transition phases
was carried out to identify patterns across maturity levels and to highlight the different
challenges that the company faced over time as their maturity increased. 

5 Case Study
Systematic was established in 1985 in Aarhus, Denmark. SSE is the largest privately-
owned software company in Denmark with top management holding the controlling in-
terest. Systematic is an International Systems Company with headquarters in Denmark
and legal companies in Great Britain, the United States and Finland. The core business
areas of Systematic are the Defense sector, the Healthcare IT sector and the Government
sector. 



170 ___________________________________________________________ The Road To High Maturity
Systematic has expertise in large complex and mission critical IT systems, and are sup-
plier for customers in more than 30 countries worldwide of software solutions, integrated
systems, own products, training and consultancy. Specifically, Systematic develops a prod-
uct suite named Iris that offers state-of-the-art services within military messaging and in-
teroperability. Systematic are specialists in application integration, data security and
project management. They do not have very many different customers, but the relatively
few that they have are typically large and have long-standing relations with Systematic.
Over many years Systematic has measured customer satisfaction; the most recent measure
was 4.1 on a scale from 1 to 5 (5 being very satisfied).

From spring 2005 - 2007 Systematic has grown from 350 to 440 employees, of which
50 are in the UK and the USA. 3 out of 4 systems engineers hold an MSc or PhD degree;
Systematic also has high employee satisfaction and low employee turnover. The yearly in-
vestment in competence development is equivalent to 9% of the payroll.

Below is given an overall timeline for the improvement process that has taken place at
Systematic. After the timeline, a detailed case description for each of the four transitions
from maturity level 1- 5 is presented.

• 1992 Systematic receives ISO 9000 certification

• 1997 Systematic decides to use the CMM to improve

• 2000 A Bootstrap assessment (Kuvaja et al. 1994) shows that Systematic is at level 2

• 2001 Systematic uses a Balanced Score card first time - Use continues and becomes an
integrated part of reaching level 4

• 2002 Systematic passes a formal CMM level 3 certification

• 2002 Systematic decides to change from CMM to CMMI (see section 3 for a short
explanation of the difference)

• 2003 A second Bootstrap assessment measures Systematic to be at level 3,25

• 2004 Systematic passes a formal CMMI level 4 certification

• 2005 Systematic passes a formal CMMI level 5 certification

5.1 At The End of The Road Looking Back
The overall outcome of going down the road of maturity and reaching level 5 after eight
years are better processes, improved quality and less rework. In other words Systematic
sees the outcome of the improvement process as a clear success. “We are much more at-
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tractive to customers both nationally and internationally as well as for employees and po-
tential due to our CMMI activities and results” says the CEO.

If we look at better processes we can take project management as an example. An im-
portant part of project management is the ability to estimate. In figure X1 we have shown
how estimation precision developed from 1996-97 where Systematic decided for the first
time to use CMM for improvement and until 2002-2003 where level 3 was reached
(source: Systematic Videnregnskab 2004).
Thus we see that the estimation ability have improved dramatically since 1996. In year
2002/2003 the deviation between estimated and actual effort has reduced to less than
10%; that is less than one fifth of what the deviation was originally. Furthermore the vari-
ation in the ability to estimate was cut in half.

Furthermore—and related to that—the ability to deliver on time improved as well.
Here are the percentages of deliveries on time for five years:

• 82% in 2002

• 90% in 2003

• 89% in 2004

• 88% in 2005

• 90% in 2006

1996-1997 1998-1999 2000-2001 2002-2003

Deviation

in %

Max

Min

Figure 1: Deviation between actual and estimated effort [% in hours]
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The reason for delays was either estimation defects or customers defining require-
ments too close to deadlines. Both things have now improved considerably.

Improved quality and less rework is illustrated by figure 2 and figure 3.
Figure 2 shows published levels of rework at maturity level 1 to 5 (numbers from

Krasner and Houston (1998) and Krasner (2001)). The Systematic CEO—when inter-
viewed in November 2007—recalls an earlier gathering (at a low maturity level) of all de-
velopers within Systematic where he was thinking: “30% to 40% of these people are not
developing software to be used by our customers they are just reworking what others have
done!”.

From figure 3 we can see that Systematic has been under the 7% rework level that
could have been expected at level 5 (cf. figure 2) ever since level 5 was reached in Novem-
ber 2005. Furthermore we can see that the level of rework has continued on a downward
trend in the year and a half following.

5.2 From Level 1 to Level 2
In 1992, Systematic's quality assurance system was certified in accordance with ISO 9001
and the military standards to become AQAP 110 and MIL 150, respectively. In the long
term, however, these standards would be insufficient to meet both customers' increasing
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30%

Level 1 Level 2 Level 3 Level 4

35%
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45%

50%

Level 5

~50%

~25%

~15%

~10%
~7%

Figure 2: Published levels of rework at different maturity levels
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demands for quality assurance and internal requirements on the efficiency and predicta-
bility of the development process. Thus, in 1997, Systematic decided to use the CMM as
the overall process framework for the company and to embark on an SPI effort aiming for
CMM Level 3 within 3 years. For market reasons, the objective and major challenge of the
SPI effort was to pursue CMM improvements while at the same time maintaining the
quality assurance system as compliant with ISO 9001 and AQAP 110/150 and still run
an effective and competitive business. 

The "Frozen" Setting When It All Started
The management group’s goals for the SPI project were twofold: (1) to establish sound
software processes that would increase project productivity, quality, and scheduling pre-
dictability, and (2) to move to CMM level 3 directly. “It was not interesting in itself to
have a level 2 certificate on paper,” said the CEO.

The second goal was motivated by the expectation that U.S. defense industry cus-
tomers would in time require all suppliers to be at CMM level 3 or higher. In short, the
major challenge that Systematic faced was that a part of their market was requesting a

2%
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6%
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8%

12%

9,8%

6,9%
6,4%

Q2 2005 Q3 2005 Q4 2005 Q1 2006

8,3%

6,0%
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Q2 2006 Q3 2006

6,8%

Q4 2006

4,7%

Q1 2007

Figure 3: Measured levels of rework in Systematic 2005-2007
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CMM certification, and an expectation in Systematic that this request would spread to
Denmark as well.

When asked about other reasons for starting out on the road to higher maturity the
CEO said:

“First of all we wanted to distinguish ourselves from the crowd. It has always
frustrated me that anyone can start out in a garage and immediately become a
software house competing in the market place. We wanted to be and be seen as
professional; thereby standing out from the crowd. We wanted—and still
want—to make a difference.” 

From unfreeze to move
Initially, the person who had led the earlier ISO certification was asked to head the SPI ef-
fort. This person was very well respected in the company for his competence and ability to
accomplish changes. As he was unable to allocate the time required for the SPI effort, the
then quality manager soon replaced him. The quality manager was not able to adapt the
maturity model to the organization and vice versa, and was therefore replaced by a newly
employed software engineer. Many practitioners saw the software engineer as an outsider
offering academic solutions to practical problems and did not welcome his suggestions.

A number of working groups were chartered to propose solutions for each of the
CMM Level 2 key process areas. However, senior management deemed many of their sug-
gestions insufficient, excessive, or impractical and thus decided not to release them for im-
plementation. “The QA manager at that time lacked respect in the organization and did
not have the ability to communicate” said the CEO. It became clear that Quality Assur-
ance work (including the ISO certification) was very different from what was needed to
mature.

After rework on the solutions, the next challenge was to use them in practical
projects. Due to major variations in project management styles across the company, which
is how things are expected to be at level 1 and 2, it proved difficult to implement at the
project level. To overcome the difficulties, a major training program for project managers
was initiated. Experienced outside consultants—from the Danish consultancy company
Delta—were brought in to conduct the training. Included in the training were new ways
of working so that the training became instrumental for the rollout. The training program
also led to improved networking among project managers in the company.

The training program enabled a shift in responsibility where project managers be-
came responsible for developing solutions, and the SPI group became responsible for the
rollout. After establishing this division of responsibility, the new way of working became
much more effective. Process action teams were formed to produce final process descrip-
tions for a so-called Business Manual consisting of all the processes to be performed by
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projects; it was, in fact, a company standard. Rollout of the Business Manual was done at
one of the monthly ‘all-hands meetings’ for all employees.

After publication of the Business Manual, project managers nevertheless still com-
plained about the processes. People from the SPI group assisted in using the processes, but
for a while it was acceptable for a project manager to criticize and choose not to use a pro-
cess. To push process utilization, the SPI group adopted self-assessments and established a
wall of fame for all projects. This wall of fame demonstrated the openness that Systematic
wanted to pursue; “Customers came around and saw it and they were quite interested” we
were told. Further the wall of fame promoted a competitive but friendly spirit among
projects. 

A major challenge for the SPI effort was to find a balance between large and small
software projects. Configuration management and requirements management were two
areas where processes differed greatly, yet developing two sets of processes was not feasi-
ble. The dilemma therefore was to strike a balance with one common process for all
projects. “Looking back I can see that we could have used more time on communication,”
the CEO reflects.

Barriers and promoters in the move stage 
In retrospect, the Systematic search conference participants concluded that in the first
half of the three-year period (from level 1 to level 2) the SPI group suffered from severe
and interlinked problems:

• Too few people with too little time in the SPI effort

• High SPI staff turnover

• Weak SPI experience and reputation in the company

Establishing a set of metrics for planning and oversight was a challenge in a company
where only basic measurements like time used and delivery time was part of daily routines.
This barrier affected every key process area addressed.

Inhomogeneous project management competencies formed an important impedi-
ment for process rollout. After publishing the Business Manual, the projects experienced
a severe shortage in the time assigned for process implementation. Thus, process imple-
mentation vied for priority with customer-related project assignments. On top of that,
the company did not use fixed working hours. More work—i.e., for process rollout—then
simply meant working longer hours. Projects often depended highly on individuals and
delegation of responsibilities; consequently, making more time for rollout was rarely an
option. “We learned the hard way that we had to add hours in the projects for improve-
ment - but it was not until level 3 that we really became skilful in it” told the CEO.
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The organization was split between two goals: Customer-orientation and process im-
provement. An effective communication of process improvement goals was lacking during
that period.

In 1998 TeraQuest—an international consultancy firm specializing in process im-
provement—was hired in. TeraQuest organized a seminar in May 1998 for the 10-12 top
and middle managers which resulted in a common vision for improvement, more clarity
and agreement on SPI goals, as well as a number of concrete future scenarios for Systemat-
ic. This seminar was crucial in overcoming the above-mentioned barriers for the SPI ef-
fort. This seminar developed commitment to SPI and initiated agreement on goals in the
management group; from there, this commitment and agreement spread to the other lev-
els in the organization: “There was this familiar consultancy-effect… One crucial thing is
WHO says something. [This consultant] was very good at communicating and was recog-
nized as competent, and that was something that mattered” (Interview with SPI Manag-
er).

With the renewed commitment from the seminar came adequate resources and sta-
tus for SPI as well as higher priority for improvement efforts in an organization where cus-
tomer demands and requirements used to be ‘king’—that is, had highest priority. It also
changed so many employee attitudes to SPI that the CEO asked one of the most esteemed
project managers in the organization to head the SPI effort as his main and only responsi-
bility.

A condition for the SPI effort was that existing certificates (ISO, AQAP) must not
be jeopardized when changing processes. This concern meant that process descriptions
and the Business Manual were to be compliant with preexisting descriptions. 

In the early spring of 2000 the consultancy company Delta performed a Bootstrap as-
sessment at Systematic which showed that maturity level 2 had been reached. 

The benefits and effects of achieving level 2 
Early in the SPI effort a number of expected benefits for achieving maturity level 2 were
identified, but during the effort focus became more long-term towards a desirable future
scenario. Immediately following the successful level 2 assessment the company aimed for
level 3.

The three main effects of the move to CMM Level 2 were: (1) that project manage-
ment was formalized within Systematic and all project managers came to have a common
vocabulary, (2) that a common understanding of and vision for SPI was developed across
managers, the SPI group, and projects, and (3) that the SPI group was stabilized, managed,
and staffed.

“On the other hand, the main group of users of the processes—the developers in Sys-
tematic—was hardly affected. ‘When will something happen for us?’ was a question often
heard.”
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As early as late 1998 the SPI group developed a return-of-investment (ROI) projec-
tion based on figures from the SPI literature on costs and benefits related to achieving
CMM Levels. These somewhat theoretical calculations were part of what convinced the
management group about the value of doing SPI and helped ensure resources for the ef-
fort. 

A more indirect effect of the SPI effort was that Systematic started reporting on em-
ployee satisfaction, intellectual capital, and customer satisfaction. These publicized re-
ports came out in 1998 but it was not until 2002 that they had any major influence on or
information from the SPI effort.

Reflection on the experience of moving from level 1 to 2
When we asked at the search conference and in November 2007 about things that Sys-
tematic or the SPI group should have done differently, we had three answers. The first was
that if they were to start over today from maturity level 1, they would emphasize vision
much more: describe and communicate clearer what the company wants, and why. Build-
ing a shared and strong vision—including mission, strategy, and values—earlier would
have made the SPI effort markedly easier.

The second answer was that the company would be fully aware that level 2 are for the
few (project managers mainly). Thus it should be communicated to the developers that it
was okay that they did not see or experience any changes.

The third answer was that the company would organize more pilot projects where
highly motivated and inspired people produced results that could inspire the remainder of
the organization.

5.3 From Level 2 to Level 3
No formal CMM level 2 assessment was carried out in Systematic. Instead, a European
Bootstrap assessment (Kuvaja et al. 1994) was used to show that Systematic had achieved
level 2 early in the year 2000. The assessment result was strongly influenced by the com-
pletion of the first version of a Business Manual. However, it can be questioned whether
level 2 in Bootstrap are transmittable to level 2 in CMM. One of the consultants from
TeraQuest actually phrased this question when she conducted an informal evaluation of
what was needed to reach level 3.

The frozen setting when initiating the level 2-to-3 process
After level 2 was formally reached and results from the Bootstrap assessment published
Systematic experienced a period that could be called ‘post-performance exhaustion.’ This
is a well-known phenomenon in the world of sports that you after a high performance will
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experience a period of extraordinary fatigue (cf. Schillings et al. 2003). This post-perform-
ance exhaustion has happened every time a new maturity level has been reached told the
Systematic CEO, and it has lasted - typically - between three and six months. 

Some months after the level 2 assessment in the early spring of 2000, the new SPI
manager concluded “Either we drive into a dead end, or we staff the SPI project with peo-
ple that have the competence to lift this,” he said. As a result a third project manager was
assigned to the SPI project. Furthermore, funding for continued use of external consult-
ants was found. And with these two things in place—manager and money—Systematic
was back on the road to level 3.

The move from level 2-to-3 
The major change that happened here was a total reorganization of the improvement ef-
fort. As told above a new manager for SPI was in place. More importantly a new organiza-
tion was put in place. One of experiences from reaching level 2 was that training was ex-
tremely important. Therefore a ‘Training Board’ was established. Furthermore a
‘Management Steering Committee’ was set up with top management at then end of the ta-
ble. The third part was the old QA organization still in place and working. In figure X4
the new organization for SPI is shown.

Executive
Leadership Group

Quality Manager Management
Steering Group Training Board

Internal Audit Software Process
Improvement Team

Human Talent
Management Team

Projects

”processes” ”competencies””control”

Managerial

Operational

Figure 4: The new improvement organization at Systematic
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During the summer of 2000 the teams released a Business Manual that described lev-
el 2 and most level 3 processes. After release, the teams were disbanded. Project managers
were expected to adjust their practices to the new manual by, among other things, rework-
ing project plans on on-going projects to comply with the new Business Manual.

The new full-time SPI project manager was recruited internally in late 2000, and
during the first half of 2001 fourteen additional full-time persons were allocated to the SPI
group. By the end of 2000 the Business Manual included descriptions of all CMM level 3
processes and in addition to this processes for training and measurement. There was no
significant changes to the manual before the level 3 assessment.

Barriers and promoters in the move
Moving to level 3 was, however, a major organizational change process that required sig-
nificant efforts, particularly in three areas:

• To understand the nature and potential benefits of measurements

• To develop appropriate support tools

• To change the process mind-set of project managers and developers

First, regarding measurements and metrics, the general understanding was that these were
primarily related to levels 4 and 5. However, Systematic decided to build a measurement
system. In relation to that the SPI project group, therefore, spent considerable time inter-
nally and with software developers discussing what to measure, how to measure, and the
potential value of measurements.

“There was, at the time, no measurement culture and no understanding of
their potential value ... What to measure? If you measure, how do you ensure
that you have measured correctly? And if you measure correctly, how do you
interpret the results; what are the benefits? So it was a giant task, first to make
[the SPI group] understand [this] and then for [the SPI group] to get the rest
of the house to understand it.” (SPI project manager)

When looking back in November 2007 the three participants interpreted what happened
here in the following way: “The SPI group had to learn how to communicate and sell
things internally; that was not easy, and it took time to learn it.”

Second, the SPI group developed and acquired support tools for the processes as de-
scribed in the Business Manual. One important part of this was the so-called ‘PDP Com-
mon’ (PDP = Projects Defined Process). There was one PDP Common and it worked
well for large projects. Small projects (1-5 people) found it often to cumbersome. 
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Existing tools that supported individual project processes were, at the same time,
gradually phased out. The new tools were seen as a way both to implement common pro-
cesses, a common work culture and as a support for reliable measurements and analysis:

“We came from this environment, where the projects largely decided [how to
work]. Changing to the new situation, with a shared database where we would
collect information across the house ... then we would all have to use the same
tools.... It was crucial to us ... to become able to aggregate measures at the com-
pany level. And that requires similar process to generate the measurements.”
(SPI overall manager)

Most of the support tools were developed in-house in Systematic. The SPI project manag-
er estimated that defining the measurement program, developing support tools for meas-
urement as well as other processes, and convincing developers and project managers about
their usefulness took about eight months.

Third, the SPI project group had to build support and motivate many of the project
managers. Some project managers were enthusiastic towards the SPI idea and would work
independently with improvements, while some others were indifferent, but required
much help and support; however, very few was against it. A major task was, therefore, to
convince the last two groups of the value and benefits of common processes, measure-
ments, etc.

Tailoring support tools to Systematic's processes was one means employed in this re-
gard, but the SPI project group would also use the SPI enthusiasts and their experiences to
create a more positive attitude towards SPI: “I consciously used them against each other - I
simply placed them together. We spent a long time identifying areas, where [the enthusi-
asts] had actually created value. Where the projects had achieved something that they
could not have achieved otherwise. And then tell the good stories about it” (SPI project
manager).

Towards the end of 2000 there was considerable resistance towards SPI among
project managers. This resistance was partly a reaction towards the pressure put on them
by the SPI program: “The projects ... must meet their dead-lines ....  But when you order
them to spend 100-200 hours to revise the plans for a project that meets current company
standards—then you will not find much understanding” (SPI project manager). The
project managers were also reluctant to accept a change in focus from the quality of the
product they delivered, to the processes they used to create the product. Finally, under-
standing the need for measurements, and establishing a reliable and trusted measurement
program—along with support tools - were major challenges

The initial pressure to adapt existing projects to the Business Manual contributed, in-
terestingly enough, to some project managers’ positive attitude towards SPI: “[Here] we
saw the first project managers that realized that they were after all not as different from
each other as they believed. ... They were under hard pressure to revise their project plans
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[according to the Business Manual], and they could only complete the revision if they
were compliant,” said the SPI overall manager at the search conference.

Finally, the use of outside consultants helped the SPI group to overcome resistance,
and to identify and address key issues in the change process: Systematic became assessed at
CMM level 3 on 27 March 2002. The assessment was carried out by the international
consultancy company TeraQuest.

The benefit and effects of reaching level 3
Reaching the goal—level 3—was in itself a major benefit that created a feeling of success
throughout the company. The SPI project manager, when interviewed specifically about
his experiences with moving from level 2-to-3, identified further benefits in the areas of
customers, processes, and staff.

From a customer point of view, Systematic became a more professional organization
with higher estimation accuracy for both time, quality and money. Internally, the stream-
lined and standardized processes increased staff mobility between projects, as well as the
developers' ability to work independently without guidance and immediate supervision.
The requirements for staff also increased, as new employees had to be familiar with Sys-
tematic's terms and practices, and just as importantly, accept the discipline of a level 3 or-
ganization.

From a purely economic point of view, the move to level 3 represented a huge invest-
ment, however, with 14 full-time employees in the SPI group in addition to the time and
effort of the rest of the development staff.

There are some Systematic measurements of the effect of moving from level 2 to 3 as
shown earlier in figure 1 and 3. 

Last but not least the CEO pointed out that it was the work towards level 3 that
build the basis for the continuously improving organization that Systematic is today.

Experiences and reflections on going from level 2-to-3
The SPI project had unconditional support from Systematic's top management and a
clearly defined goal. Both contributed significantly to the perceived success. It took a
while, however, for the organization to realize the magnitude and importance of the or-
ganizational changes involved in the move from level 2 to 3. This change process should
have been addressed more explicitly and at an earlier stage.

After analysis at the search conference (academics and practitioners together), we
concluded that the main lessons to be learned from this process were understanding the
importance of total top management commitment.
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5.4 From Level 3 to Level 4 
After passing level 3 in the early spring of 2002 Systematic experience post-performance
exhaustion once again. In fact, nothing really happened in relation to CMM and CMMI
from Easter 2002 until 6 months later.

The setting when starting towards level 4
In parallel with reaching level 3 Balanced ScoreCard (BSC) came in. BSC was originated
by Kaplan and Norton (1996) mainly as a reaction to the weaknesses of traditional finan-
cial measures. BSC is not just a measurement model but is meant as a model that enables
an organization to clarify its vision and strategy and to translate them into action, both be-
ing iterative and rational.  Process improvement is related because it is framed and fostered
by BSC.

The first version of a BSC in Systematic was developed in 2001 where a professor
from Aarhus Business School was invited into the organization. He convinced Systematic
that they could benefit from developing their own BSC. Thus, in the intermediate period
between passing level 3 and actively going for level 4 the first Systematic Balanced Score-
card was finalized and it was decided by Systematic top management to spread the BSC
out to the projects. 

The first pilot project to bring BSC down to the projects happened in 2002 (a year
after the first BSC for ‘the company’ Systematic was made). In retrospect, the SPI Project
Manager realized that these first efforts were wrongly designed: projects were handed the
company BSC with company goals. Projects were then supposed to formulate their own
goals based on company goals: “This is what we want to do in the house—how will you
support that?” This approach did not work. It required a lot of effort from the projects,
and the result coming out of it was really poor in that the formulated goals could not be
used at all.

Before this effort was improved, it was decided by top management that Systematic
should go for level 5 (with level 4 being an intermediate step on the way to 5). And BSC
was seen as having perfect synergy with the aim for high maturity.

At this point in time it was also decided to go for a CMMI certification causing Sys-
tematic to translate their existing CMM-based Business Manual and PDP common to
CMMI terms. The main reason for the decision was that the Software Engineering Insti-
tute in Pittsburgh at this point in time—2003—very clearly stipulated that they planned
to sunset CMM shortly after (source: www.sei.cmu.edu in 2003).

After the decision was made in Systematic to go for a CMMI level 5 certification,
some time was needed to familiarize and understand what constituted level 4 (and later
level 5). In parallel with this, the Balanced Scorecard received a lot of attention by manage-
ment, the SPI group, and the projects. Since BSC was about defining measures and CM-
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MI level 4 about measurement, it seemed obvious to combine the improvement efforts.
Systematic decided to integrate BSC and CMMI in their effort to reach CMMI level 4.

In the spring of 2003—April - May—a draft plan for reaching level 4 was written by
the SPI group where the decision of combining BSC and CMMI was reflected upon in
detail (source: The document itself). The SPI representatives at Systematic then started to
integrate it and subsequently implemented it in the organization. This combined concept
was built during the late spring of 2003.

After the summer of 2003 the SPI unit was ready to train people in quantitative
project management. January, February and March 2004 were dedicated to the actual use
of the new processes, especially how to define and measure it. April 4th 2004, Systematic
was certified CMMI level 4. 

The move from level 3-to-4
As for level 3, the Business Manual and PDP common were main vehicles for describing
how the projects were to behave and perform when working at level 4. The implementa-
tion process was centrally managed through the new organizational structure. Central
management was needed to deal with complexity inherent in CMMI level 4. Top man-
agement in Systematic gave the SPI group a mandate to work from. Many things were
tried in pilot projects. Overall the SPI group together with the Management Steering
Group decided how things should work, and the Training Board ensured that developers
and project managers had the training needed. 

We asked at the search conference whether this centrally managed approach gave
birth to any resistance. The answer was that very few people objected. In fact many
projects were at this point mature enough to give good response to SPI function.

As mentioned earlier, the very first implementation of BSC was not very successful.
Approximately 500 hours were used in all the Systematic projects together, but in reality
the result was an inadequate reflection of the organizational BSC goals.

“Today I don’t think it was surprising that this first BSC effort in the projects
failed,” said the SPI project manager. “Because we didn’t formulate require-
ments to the projects. We just gave them the company goals and asked how
they supported that? So all in all this effort required hundreds of hours in
each project but the investment did not pay off.”

Then in the annual management strategy seminar in 2003 in which all top level and a
number of middle level managers in Systematic participated, the concept of a Project BSC
was further developed. The idea was that the SPI project had to read the organizational
balance scorecard and transform it to the project level. So the SPI function took on the re-
sponsibility of facilitating the translation process. “We formulate what the organizational
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goals means for a typical project in the house; formulated as requirements,” as the SPI
project manager articulated it.

Promoters and barriers
The Systematic people in the search conference were convinced that the primary motiva-
tion in going from level 3-to-4 was the inclusion of BSC. It turned out that the synergy ex-
pected between CMMI level 4 and BSC actually materialized. Thus BSC was a major pro-
moter here.

The first barrier that Systematic encountered was that some of the elements con-
tained in reaching level 4 were so difficult to understand that even after trying for several
months, it did not result in enough of an overview to write a plan. The SPI manager said:
“Some of these level 4 things are so difficult to understand that you cannot sit down and
write a complete plan.”

However, it became even more difficult to diffuse the knowledge of level 4 actions
and succeed in having Systematic developers and projects adopt it. “The difficult thing in
this is not to understand the model. The difficult thing is to make it work in practice; to
make it operational. And there is only one thing to do: Keep on trying when you do not
succeed the first time,” as the SPI Project manager told us. “On top of all this it also needs
to give business value. All-in-all that was not an easy task,” added the CEO.

The second barrier that Systematic ran into concerned the measurement system. At
an early point in time stakeholders—including the SPI manager—formulated a vision of
building a kind of measurement data warehouse. Thereby allowing many measurements
to be carried out automatically in a discrete fashion. For example, this vision included all
documents and programs to be measured automatically every night. The idea was to have
as little human involvement in the measurement program as possible.

The measurement data warehouse, however, required quite some time and effort - up
to 5 man years in total—to make it work. “The big challenge was clean data. You never get
the truth. There is always something that can be better” the SPI project manager said.

The benefit and effects
The main benefit of reaching level 4 was a change of culture to a belief in measurements.
Instead of using the data warehouse as originally envisioned, the approach that was used
was first to decide what key performance indicators Systematic should have, and then ask
the projects for the data and let them be responsible for the quality of the data.

The second benefit mentioned in our interviews at Systematic was that BSC actually
ended up working as an effective mechanism to align business goals at the organizational
levels with concrete goals in the projects.
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When asked about the effects of reaching level 4, the interviewees grasped the intel-
lectual capital report from 2004, and pointed to figure 2 where it can be seen that the de-
viation in percent between actual and estimated hours had gone dramatically down; and
that Systematic in the period reported (February 2003 - January 2004) delivered 89% of
all milestones on time. Both are measures that are extremely important to Systematic cus-
tomers.

Experiences to remember from the level 3-to-4 move
The interviewees did not mention many things that they would have done differently. In
retrospect, the SPI project manager called the vision of automatic measurement and data
warehouse the biggest mistake in the period where Systematic went from level 3 to level 4.
He said: “I think we emphasized a technical solution way too much, and did not put suffi-
cient weight on data quality and what it actually was that we collected. Of course you
need some degree of automated measuring but I believe that you need to look very seri-
ously at data you collect and at what is the real NEED for measurement data.”

On the other hand the CEO and middle-manager in November 2007 claimed that
automatic measurement probably was “what was needed at the time to change the cul-
ture.” So in light of that it was neither a failure nor too expensive, but an important lesson
learned.

In fact the CEO pointed out two very positive effects of automatic measurement and
the change of culture: Transparency into and among projects as well as increased predict-
ability. For example the automatic measurement system generated reports with traffic
lights (red - yellow - green) for all the BSC measures in each and every project. This made
it very easy for management to grasp problems at an early point and take preventive mea-
sures. “We know what is happening in the projects,” said the CEO.

However, it is also a fact that the advanced measurement data warehouse that was
built in 2002-04 never realized the benefits originally expected (i.e., totally automated da-
ta gathering and as little human involvement as possible).

Finally, when directly asked, the SPI project manager mentioned that the whole or-
ganizational change process probably became too much what the SPI-organization want-
ed, without enough room and time for feedback: “Systematic is always looking forward
towards the vision and the next level. We could have spend more time to consolidate,” he
said.
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5.5 From Level 4 to Level 5

The setting for the final move - From level 4-to-5
Level 5 of the CMMI model includes two additional processes: Causal Analysis and Reso-
lution (CAR) and Organizational Innovation and Deployment (OID). A substantial part
of the organizational structures that was meant to sustain the level 5 processes had been es-
tablished at level 4.

In 2004, that is, 18 months prior to the commencement of the level 5 focus, the SPI
group at Systematic outlined the organizational implementation of these two processes to
ensure a reliable and consistent transition to level 5. Apart from the initial design of the
organizational tailoring of these processes, the work on CAR and OID had been suspend-
ed until level 4 was fully implemented and externally appraised. However, the organiza-
tional mechanisms for sustaining the two processes had been prepared. One of the central
mechanisms for implementing the CAR and OID processes was Knowledge Networks.

 Knowledge Networks is an organizational structure that acts as a meeting place for
different knowledgeable professionals in the systems development process. The SPI group
at Systematic had used inspiration from the team model in Microsoft Solution Frame-
work to identify six areas around which to organize the core of the Knowledge Networks:
Program Management, Development, Test, Release Management, User Experience and
Product Management. A seventh knowledge network, Architecture, was added. As part of
the CAR and OID processes, the networks had the responsibility for furthering profes-
sional knowledge and ensuring process optimization. 

The initial schedule for obtaining a level 5 organization was rather aggressive. The
work on level 5 was commenced immediately after the level 4 certification on April 4,
2004. In November 2004 Systematic decided to postpone the date to ensure that the
knowledge networks mechanism was anchored properly in the organization. Further rea-
sons for postponing the date were to gain sufficient time to train employees to the new
work processes, to generate enough evidence for the organizational implementation, and
to demonstrate model compliance. Hence, after careful consideration of pros and cons,
the appraisal date was deliberately postponed from 5 May 2005 to 11 November 2005.

The move from level 4-to-5
The transition from level 4-to-5 was characterized by the SPI group as being considerably
simpler than the previous maturity levels. The strategic decision to aim for a level 5 was
taken after the level 3 certification was acquired. The organization was therefore deter-
mined to continue to level 5 immediately after the level 4 certification was acquired.

As the overall SPI Manager reported, “We commenced the work on acquiring the
level 5 certification immediately after the level 4 certification was attained. There was no
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weakening in terms of effort in the SPI unit. However, in general there was a fall off in the
organization,” meaning that support for maturity and CMMI for a period waned. This is
one more example of post-performance exhaustion. 

To overcome the certification fatigue in the organization, the SPI group maintained
a low profile for a few months during which time they planned the organizational imple-
mentation of the two level five processes. Based on the experiences gained from the level
3-to-4 move, a detailed communication strategy was prepared to communicate the general
plan, including objectives and the outlined implementation process. The following
months the SPI group spent time on preparing a brochure especially targeting employees,
describing the vision as well as the upcoming organizational changes: “We spent a lot of
time outlining and designing a brochure communicating what we were aiming at. This vi-
sion brochure was a huge success. First of all we [the SPI unit] had time to identify the ac-
tual objectives and communicate our vision to the organization. We had become more
mature in this sense.”

At the search conference the entire transition process was characterized as smooth.
The overall SPI group manager gave two explanations for this: first the SPI group had be-
come better at managing changes because they were familiar with this by that time. Sec-
ond, the organization had experienced a shift in culture towards an acceptance of contin-
uous change. Due to a constant focus on improving existing processes employees and
managers in Systematic, all expected that processes or practices would not be constant.
This made it much easier to manage change.

“We [the SPI unit] focus on the objective of the change process, not who is involved
in the process …We do SPI the good way; the way that works,” as the overall SPI group
manager expressed it.

Promoters and barriers
The smooth transition process from level 4-to-5 may give the impression that no barriers
existed in this phase. However, some were identified at the search conference although
they had shifted in nature. While the barriers at the earlier maturity levels dealt with or-
ganizational issues and later in the process centered on the model itself, the identified bar-
riers at level 5 were few and of a different nature:

“Certain traditional barriers emerge when implementing the high maturity
levels: Our consultants are not able to help us in these matters. You have to
come up with all the ideas yourself. Only sparse accessible empirical work ex-
ists targeting the higher maturity levels.” (Overall SPI group manager)

The barriers now dealt with external issues and the lack of experience in other companies
that Systematic needed to cooperate with—customers, suppliers, partners, etc. This
proved to be a challenge for the SPI group, mainly because they had to come up with the
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entire concept for the organizational tailoring of the concept by themselves with no inspi-
ration from other high level companies.

Although the move from level 4-to-5 was perceived to be considerably less challeng-
ing than any of the other transitions in the CMMI model, it took time to design mecha-
nisms tailored to the organization that honored the process requirements regarding con-
tinuous improvement and innovation. Acknowledging that the initial plan was very opti-
mistic, the SPI group realized that the speed of change was very high if not too high: “The
only trouble I can come to think about is that we acknowledge that our change tempo was
very high,” said one of the SPI project managers.

If the knowledge networks were to prove to be an asset and sustain the organizational
implementation of the final level of the CMMI model, time was needed to attune the
mechanism to the organization. This hurdle was self inflicted and was dealt with accord-
ingly by postponing the final appraisal date, as sketched in the timeline. 

Benefit and effects
In terms of benefits, Systematic capitalized significantly from the huge investment in soft-
ware process improvement. The immediate benefits were of managerial character. The
overall SPI group manager said—when reflecting over what should happen after reaching
CMMI level 5—“Now it is time to for us to focus on how to capitalize on this investment.
In practice this implies an optimization and increased efficiency of the existing processes.”

In the organization the SPI group experienced general agreement among people that
the process quality had increased significantly over the past decade. Some citations from
Systematic employees shortly after the appraisal in 2005 illustrate this:

• “The amount of overtime has been reduced and people are more satisfied”

• “Compared to 3-5 years ago, projects are better at estimating and planning”

• “We either follow the documented process or we improve it”

• “Process descriptions are not static rules set in stone they must support our business
agility and speak to users in their language”

• “People can work by themselves without consulting senior colleagues and it is easy to
move between projects”

• “Formal definition of roles makes it easier for Project Managers to delegate”

These statements are supported by the metrics that was established at level 3 - 5 as illus-
trated by figure 1, 2 and 3. The two level 5 processes also proved to be effective in detect-
ing defects in the process and understanding the root-cause of these defects. 
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However, the greatest benefit was linked to the integration of knowledge networks as
a core mechanism for sustaining the level 5 processes. Over the last year (2004-05) knowl-
edge networks had evolved to be a central organizational structure with many responsibil-
ities. And in November 2007 knowledge networks had now taken ownership of all Sys-
tematic processes. “It works,” told the CEO. Thus the role of the SPI function today is
mainly to act as a secretariat for the knowledge networks. So what was very centrally driv-
en for example from level 3 to level 4 is now more or less decentralized, in November
2007. 

“There is no doubt that we now got a mechanism to implement improve-
ments across the organization that is very successful. This will always be
present in the organization.”

The general opinion is that in terms of business the level 5 certification has had a major
impact on customers, with employees, and in the society in general. As an example the
CEO showed us a piece from the editor-in-chief of Computerworld (Steinmark 2004)
saying: “Only a few companies in Europe are at the same level as Systematic. And we find
no other Danish company at the same level … Apparently Systematic have the caliber to
be an IT guiding star…”

Thus one clear effect is the increased attention from the professional community.
The level 5 certification has made Systematic the center of attention for both media and
professional networks. Systematic has gained a leading position within the process quality
community and has a strong brand. This has, for example, made Systematic a popular key-
note at conferences. 

6 Summarizing Findings
We have described and analyzed how the Danish company Systematic succeeded in mov-
ing from level 1 to level 5. The process was successful in the sense that the company man-
aged to reach the goal it set out to reach. 

We have aimed to identify the nature of the unfreeze - move - freeze process as it un-
folded, using the Lewin (1951) as our theoretical lens for our coding and analysis. 

In the table below we provide an overview of our findings.
The following things are worth noting on the differences between the four transitions—
moves—from one level to another.

At first, the development projects did not feel any need for process changes. With
Systematic being the frontrunner company in Denmark in SPI from level 2 onwards, it
was difficult to seek inspiration elsewhere on how to balance gradual and major process
changes in a Danish business environment.

Initially, the organization was not focused specifically on process benefits. Becoming
more professional, and recognized as an international player as well as obtaining the
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CMM certificate was the main goals for a long time. From level 2 and onwards more focus
was on improved quality, less rework, and satisfied customers.

L1-L2 L1-L2 L2-L3 L3-L4 L4-L5

The setting at un-
freeze
(the problems they 
were facing)

Major customer ex-
pected CMM certi-
fication
Need to distinguish 
Systematic from 
the crowd - be seen 
as professionals

Post-performance 
exhaustion

Discussion in Sys-
tematic whether to 
continue the march 
towards level 4 and 
5
CMM was being 
sun-set. Led to 
CMMI decision

Level 4 just a step 
on the way to level 
5
Need for realizing 
benefits in organi-
zation

People responsible 
for the actual 
"move" process

Initially hero-
based. Later SQA-
based. 
Finally based on 
dedicated SPI-staff 
and working groups

New organization 
with Mgmt. Steer-
ing Committee and 
Training Board + 
SPI group and, out-
side consultants 

Same as L2-L3, 
plus university pro-
fessor (for BSC)

Same as L2-L3, 
plus to some extent 
recently estab-
lished knowledge 
networks

Promoters in the 
‘move’ process

Training programs 
for project manag-
ers

Training and com-
petence develop-
ment for all devel-
opers.
Project managers as 
champions

Combining CMMI 
with Balanced 
Scorecard (BSC)

Establishing 
knowledge net-
works
Communicating vi-
sion for level 5 
through brochure

Barriers to the 
"move" process 

Lack of SPI time 
and competence
High SPI staff turn-
over
Weak SPI reputa-
tion

Resistance to mea-
surements
Appropriate sup-
port tools

Understanding 
CMMI - both SPI 
and employees

No external sources 
for inspiration (due 
to few level 5 expe-
riences world-
wide)

Benefit and effects 
after re-freeze

CMM understood 
and broadly accept-
ed

Process discipline
Estimation preci-
sion

Aligning organiza-
tional and project 
goals using BSC as 
the key mechanism 
- translated by SPI
More customers

Optimization and 
increased efficien-
cy of the existing 
processes
Considerable less 
rework
Successful mecha-
nism for imple-
menting improve-
ments across the 
organization

Table 1: Overview of analysis findings using the Lewin (1951 unfreeze - move - freeze model as our 
theoretical lens
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ISO and AQAP initially were constraints on the emerging CMM process. It was real-
ized that the "control and policing" (as the CEO expressed it) perspective needed for QA
didn't work for SPI. A continuous improvement culture was needed instead.

The SPI organization underwent major changes on the way from level 1 to level 2.
After that, the SPI organization was structurally stable, consolidated, and growing.

On the way to level 3, the sun-setting of CMM and introduction of CMMI required
substantial training and communication. In fact Systematic developed a whole new orga-
nizational structure to fulfill this requirement.

A primarily centrally driven approach to process improvement was used throughout
the SPI effort. However, after reaching level 5 responsibilities for processes and improve-
ment was decentralized to knowledge networks.

At first, measurements and other kinds of feedback did not play any major role in
managing the SPI effort. Self-assessments were introduced underway to level 2. From lev-
el 2 onwards measurement played an ever-increasing role. Feedback mechanisms proved
hard to implement due to the lack of a measurement tradition. Eventually, consistent and
trusted measurements came in place and supported the SPI effort from level 3 onwards.

Initially, the SPI effort process rollout tended to be large scale via publication of the
first version of the Business Manual. Later process changes were implemented more grad-
ually.

Commitment among developers was lacking at first. This related to the fact that
moving from level 1 to 2 didn't provide anything specifically to the developers; but the
project managers were in focus here. When moving to level 2 and later to level 3: a wall-of-
fame, persuasion and a combination of project managers as champions were useful in
building commitment.

After reaching every maturity level—2, 3, 4 and 5—a period of post-performance ex-
haustion was experienced.

As the process initially was developed separate from the development projects, pro-
cess rollout proved difficult. From level 3 onwards process development and use became
more integrated and process implementation more gradual. Late in the SPI effort, the SPI
group perceived the high speed of change to be a problem.

At first no one in the organization had a strong vision for the end process. From level
2 onwards a gradually stronger and shared vision came in place. Consultants from outside
and a management seminar played key roles in establishing the vision.

7 Conclusion
This study produced two main insights. First, as the organization matures, so does its ca-
pability to change. Moving from level 1-to-3 was a slow and sometimes frustrating process
for Systematic, whereas the last two levels were reached in shorter time and with less frus-
tration.
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Second, the nature of the challenges facing Systematic's SPI project changed with in-
creasing maturity. At the lower levels, gaining acceptance of and general commitment to-
wards SPI constituted a major challenge. At the higher levels the problems changed to-
wards understanding the requirements of the level (as described by CMMI - cf. Chrissis et
al. 2003) and defining appropriate processes for them.

The first of these observations corresponds to results from other studies that show
how the time required to reach the next maturity level decreases with higher maturity (cf.
SEMA-reports at www.sei.cmu.edu). However, to our knowledge, no other study has doc-
umented the nature and challenges of SPI through maturity levels 1-to-5.

This chapter contributes to both SPI research and practice. Towards research, we
contribute an understanding of the progress of processes, challenges, and benefits in long
time SPI projects; Software developers and SPI practitioners will find much useful infor-
mation in the description of Systematic's journey. Management may find the results and
effects that Systematic realized most absorbing.
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