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Abstract

This study, using both quantitative and qualitative methods, investigates current practice of Knowledge Management (KM) in Soft-
ware Engineering (SE) processes in two Australian companies on the basis that they both claimed to apply KM practices in their software
development work. It also describes the KM activities and KM process used in SE practice, and examines the enablers of KM process for
SE in terms of leadership, technology, culture, process and measurement.

One of the main findings showed that software developers believe in the usefulness of knowledge sharing; however, their ability to
utilise some of the KM systems was limited. The most commonly used systems included personal networks, informal networks, group-
ware and third-party knowledge. There is a need to formalise knowledge sharing of practices, while also supporting informal and ad-hoc
knowledge sharing. While KM was considered to be important, the tools, techniques and methodologies currently employed for software
development were inadequate to address effective management of knowledge in these organisations. In both organisations, a uniform
model of the KM process did not exist. Among the four KM enablers, leadership was considered to be the most significant as top-down
KM strategies were seemingly being pursued by management. Technology was also considered to be an obvious mechanism for KM,
despite some of their current KM systems either being unsuitable or inaccessible. In addition, the crucial role that personal networks
played in accessing tacit and implicit knowledge was seen as a key reason to foster a culture that encourages participants to share their
knowledge with others.
� 2007 Published by Elsevier B.V.
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1. Introduction

In the information age, many organisations compete for
shrinking profit margins in increasingly global markets. As
a result, the prospect of redesigning and integrating busi-
ness processes in order to enhance operational efficiencies
has become a necessity [7,8,31,34]. It is now expected that
organisations be flexible enough to challenge their accepted
business practices, while at the same time build upon their
previous experience. The collective body of knowledge
offered by employees of these organisations has emerged
as a key point of differentiation, providing a foundation
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upon which the quality of products and services can be
improved [8,25,34].

Over the last 30 years, software has become an integral
component in everyday life. Whether it be switching on a
television, heating food in a microware or driving a motor
vehicle, a large proportion of the activities we perform are
dependent upon software. However, despite the visibility of
the Internet and the penetration of desktop computers into
the consumer market, software engineering (SE) remains a
discipline that has yet to reach maturity. During the 1990s,
increased consideration was given to the process used for
software development, centred upon its potential to
improve the quality of software delivered. The popularity
of the Capability Maturity Model (CMM), ISO9000 series
of standards and the Software Process Improvement and
Capability dEtermination model, SPICE, is illustrative of
owledge Management practices in ..., Inform. Softw. Technol.
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the effort software engineers have made to improve the
robustness of their processes (chap. 16 [6]), [43].

Software development processes have always been
knowledge-intensive [6,19,42]. For one thing, the increased
complexity of SE project work has led to a greater reliance
upon knowledge processes to solve problems [15,20].
Through collection of process and product data, careful
measurement of planned software activities, trial and error,
and feedback from customers and the environment in gen-
eral, software organisations gain local experience [25,47]. It
is the nature of many software projects that unless the lat-
est knowledge is available, opportunities to resolve prob-
lems can be lost. Software development teams do not
work in isolation, and are required to work in a cross-func-
tional environment. In situations like this, effective knowl-
edge sharing among software developers becomes a critical
success factor, and KM becomes an enabler of organisa-
tional learning [45,47]. When applied to the SE develop-
ment processes and projects, KM encourages software
engineers to reference the lessons they have learned from
previous projects, as well as enshrining the importance of
sharing best practices amongst peers [7,18,21]. As a result,
software engineers can improve their efficiency, and reduce
unnecessary re-work. More importantly, managers are able
to capture the domain knowledge that software developers
acquire during their work.

There is currently a gap in literature concerning the KM
process for SE, particularly that which relates to an Austra-
lian context. As a result, it is not possible to make a strate-
gic impact analysis of KM as applied in SE processes in
Australia. For example, it is not clear whether KM itself
is treated as a strategic enabler of SE process, or whether
it acts more as a subset of the SE process that maintains
an infrastructure for activating various KM activities as
needs arise and are recognised during the SE processes,
or it stands somewhere between these two extremes.

This study aims to reduce this gap by evaluating current
state of KM as applied to Australian SE organisations
using an empirical investigation. This article is an extension
of Ward and Aurum [52] research. Two SE organisations
were selected and two SE projects were selected from each
of these organisations. A total of 12 people from these four
projects were interviewed in order to capture qualitative
data about various aspects of KM practices in those pro-
jects. In addition, the participants were also asked to com-
plete a detailed questionnaire in order to gain an
understanding of the current KM practices within their
company. During the data collection we also focused on
both codifying and personalising knowledge strategies
[19,22]. Specific objectives of this study are: (a) to deter-
mine current practices for KM in SE in Australian compa-
nies, (b) to describe activities that comprise the KM process
for SE in these companies, (c) to identify high-level models
of the KM process for SE and (d) to establish the impact of
leadership, technology, culture and measurement as ena-
blers of the KM process for SE in Australia. We believe
that this study should be interest to practitioners for those
Please cite this article in press as: A. Aurum et al., Investigating Kn
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managing, conducting and supporting software projects as
well as academics whose studying software product devel-
opment process from KM perspective.

The remainder of the paper is organised as follows:
some of the related work in this area is presented in Section
2. The research method is described in Section 3. Section 4
presents the results, which are then further discussed in
Section 5. Validation issues are discussed in Section 6 fol-
lowed by conclusions and future work in Section 7.

2. Related work

The aim of this section is to identify both the aspects as
well as the boundaries of this study in relation to the rele-
vant existing studies. The review of literature on KM in
general (Section 2.1) and in SE organisations (Section
2.2) in particular will achieve this goal. These discussions
provide grounds for understanding and justifying the
KM framework on which the current study is based (Sec-
tion 2.3).

2.1. Knowledge and Knowledge Management

Knowledge is a broad and abstract notion. The defini-
tion of ‘knowledge’ is one that has attracted a significant
amount of conjecture [13]. Knowledge has been defined
as an ‘understanding awareness, or familiarity acquired
through study, investigation, observation or experience
over time’ [12]. It has also been conceived as ‘justified per-
sonal belief that increases an individual’s capability to take
effective action’ [1,2]. Nonaka [38] distinguishes between
tacit and explicit knowledge. Explicit knowledge is stored
in textbooks, software products and documents. Tacit
knowledge is stored in the minds of people in the form of
memory, skills, experience, education, imagination and cre-
ativity [40]. There are objections in the KM community
relating to the classification of knowledge into tacit and
explicit types. The idea is that some knowledge believed
to be tacit can in fact be transformed into explicit knowl-
edge. This type of knowledge is called implicit knowledge.
In other words tacit knowledge is a type of knowledge that
is hard to articulate, whereas implicit knowledge can be
articulated but has not yet. The value of implicit knowledge
is recognised by in the upper echelons of management
within organisations, as it is considered to be critical to
enabling employees to fulfil their roles. There is a common
agreement that both implicit and explicit knowledge are
important; however, implicit knowledge is more difficult
to identify and manage.

In essence, the objective of KM is to transfer implicit
knowledge to explicit knowledge, as well as to transfer
explicit knowledge from individuals to groups within the
organisation. Hence, KM is concerned with creating, pre-
serving and applying the knowledge that is available within
organisations. The recent interest in organisational knowl-
edge has prompted the issue of managing the knowledge
possessed by an organisation for its benefit. Such interest
owledge Management practices in ..., Inform. Softw. Technol.
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has given rise to the creation of a new perspective for the
KM that views KM as a discipline for identifying and
leveraging the collective knowledge in an organisation to
help the organisation compete [50,51]. One major issue
therefore would be the effectiveness of Knowledge Man-
agement Systems (KMS) in enhancing effectiveness and
productivity of knowledge workers in creating competitive
knowledge. However, a review of the current relevant liter-
ature reveals contradictory results [4]. For example, Mark-
us [35] found that the experience of those seeking
knowledge influences their perceptions of the effectiveness
of KMS. In contrast, Ko and Dennis [29] argue that more
experienced workers are less likely to seek knowledge
stored in a KMS, and are more likely to contribute knowl-
edge they have internalised for others to use. Among other
things, this article examines the validity of these arguments
in relation to the selected organisations.

Wickramasinghe [54] professes KM is comprised of both
objective and subjective elements, and hence a KMS must
be able to cater for both. Based on the results of eight case
studies, Wickramasinghe reported that the competitive
environments that all these organisations were operating
in were key factors in driving the adoption of KMS (Ibid).
In addition, recruitment and retention of employees were
identified as major priorities. All organisations believed
KM provided them with a source of competitive advan-
tage. Technology remained a powerful enabler, given the
global reach of each organisation and the necessity to
develop searching facilities. All organisations believed that
they could articulate definitions of KM, although results
were varying in terms of developing an enterprise-wide
vision for KM. In addition, Wickramasinghe noted that
the KMS implemented in each of the three case study
organisations were only capable of supporting objective,
or explicit knowledge, rather than subjective or tacit
knowledge. Wickramasinghe concludes that rather than
implementing KMS, the three case study organisations
implemented organisational memory systems.

In another study, Balthazard and Cooke [8] explain that
the availability, source and flow of information are the
product of human processes rather than of information
technology. While they recognise the importance of organ-
isational culture in supporting KM, they argue that aspects
such as measurement and organisational change are still
areas that present challenges for organisations. They pro-
pose that a constructive culture will positively impact both
individual and organisational outcomes that promote KM
success. Alternatively, a defensive culture will negatively
impact both individual and organisational outcomes that
promote KM success. The importance of organisational
culture has also been raised in many other studies. For
example, Lee and Choi [33] point out an overall lack of
adequate metrics in organisations for measuring the suc-
cess of KM initiatives. They define a KM Performance
Indicator (KMPI) that has five components that can be
used in determining an organisation’s Knowledge Circula-
tion Process (KCP). These components are knowledge
Please cite this article in press as: A. Aurum et al., Investigating Kn
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creation, knowledge accumulation, knowledge sharing,
knowledge utilisation and knowledge internalisation. They
claim that KCPs are influenced by organisational culture.
They further assert that the KMPI can measure the quality
of organisational knowledge, and that it can also have a
correlation to managerial performance (Ibid).

2.2. Knowledge Management in software engineering

organisations

This section is presented in two parts. The first part dis-
cusses the role that KM is claimed to be capable of playing
in SE development processes. In the second part, the actual
application of the KM in SE organisations is discussed
with particular attention given to the Experience Factory
model as the most widely used model in SE organisations.
These arguments will then lead to a discussion in Section
2.3 on the proposed KM framework for this study.

2.2.1. The role of KM in software development process

Regardless of the claims about ambiguities surrounding
the definition of knowledge, as well as the importance and
necessity of KM, software processes continue to evolve.
This is because software developers posses highly valuable
knowledge relating to the product development, the soft-
ware development process, project management and tech-
nology in general. As a knowledge-intensive work, the
software development process involves both explicit and
implicit knowledge. This knowledge is dynamic and evolves
with technology, organisational culture and the changing
needs of organisation’s software development practices.
There are cases where this knowledge is created at irregular
intervals and the value of its use can only be displayed over
time. The use of the Internet facilitates the storage and util-
isation of activities, thus improving the quality of the soft-
ware development process. Experience also plays a major
role in knowledge-related activities. Software development
can be improved by recognising the related knowledge con-
tent and structure as well as the required appropriate
knowledge, and performing planning activities. Disterer
[20] provides insight into the collection of knowledge and
experience from project work. He observes that the closing
stages of a project are increasingly becoming a common
point for project reviews to be conducted, and subse-
quently for knowledge associated with the project to be
extracted. The profiles of the project team members are
presented as effective means of conveying knowledge about
projects, as well as linking specific knowledge to particular
individuals.

One view of KM in SE suggests that KM can be concep-
tualised as a major component of Software Process
Improvement (SPI) initiatives [36]. In a collaborative
research, Mathiassen and Pourkomeylian [36] included def-
inition of KM strategies early in SPI projects in order to
ensure KM strategies include both personalised and codi-
fied approaches, as well as align them with those of the
organisational strategy.
owledge Management practices in ..., Inform. Softw. Technol.
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The relationship between software development pro-
cesses and KM has also been examined, eliciting a distinc-
tion between formalising and automating software
processes using KM [28]. It is argued that KM in SE assists
software developers in defining software processes, pursu-
ing a process-oriented approach and improving and adapt-
ing existing software processes for future use. Although it is
accepted that software process models may be developed
for use by an organisation, however they must be under-
stood by software developers before they can be effective
in managing knowledge. Lindvall and Rus (chap. 4, [6])
declare that organisations must facilitate both formal and
informal knowledge sharing between software developers.
They assert that KM complements existing approaches to
software process improvement, rather than seeking to
replace them. A number of options for implementing and
using KM systems for SE are advanced, such as expert
identification, the creation of KM champions, document
management and using predictive modelling to direct deci-
sion-making [6].

2.2.2. Application of KM in software engineering

organisations
In recent years, researchers have developed a number of

descriptive process models for KM in SE. However, there
have been relatively few attempts to analyse the activities
performed in the KM process in actual SE practice, and
this paper partially fills this gap. Nevertheless, results from
existing studies into KM process models deliver an over-
view of the problem domain of KM in SE.

For instance, the Experience Factory (EF) is a frame-
work for experience management, which is one of the ear-
liest models to address the problem area of KM in SE [11].
This framework is deeply aligned with organisational struc-
tures and business processes. Basili et al. [9,10] acknowl-
edge that for an organisation to implement the EF
approach for KM, a number of potential barriers to suc-
cess must be overcome. They argue that although the EF
is aimed at establishing a learning organisation, it requires
a significant investment of time and effort.

Johansson et al. [26] apply an Experience Engine
approach to KM in SE, as a subset of the EF. They list prob-
lems identified with the EF approach, such as its experimen-
tal nature, the organisational restructuring it induces as well
as its reliance upon an experience base containing extensive
written documentation. Hellström et al. [23] completed a
case study at Ericsson Software Technology (EST), a soft-
ware engineering division within Ericsson. They interviewed
those involved with the development of a decentralised pro-
gram for KM, and closely aligned to the principles of the per-
sonalisation approach outlined by Hansen et al. [22]. EST
also determined that both the physical context and the situ-
ational nature of knowledge exchanges were two aspects of
KM not covered effectively by the EF approach. Hence,
EST implemented a broker model, creating the role of
knowledge broker to connect those who possess knowledge
with those who seek it. As a result EST was able to establish
Please cite this article in press as: A. Aurum et al., Investigating Kn
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an effective balance between the centralised directives engen-
dered by bureaucratic structure and the decentralised,
human interaction that provides insight into knowledge
needs and deficiencies perceived by workers.

Dingsøyr et al. [18] provide an insight into problems
faced by small to medium organisations in addressing
KM in SE. They consider postmortem reviews and experi-
ence reports as two approaches suitable for collecting soft-
ware development knowledge, particularly endorsing
lightweight experience reports. The researchers conclude
that lightweight postmortem reviews perhaps reveal more
about software development practices, while experience
reports mostly reveal client relationships and interactions.

Komi-Sirvio et al. [30] investigate a needs-based
approach for conducting KM in SE. They conducted a
number of interviews with employees from a company
engaged in software development. Their initial results
reveal failure of recommended approaches such as Lessons
Learned databases and Data Transfer Days. A new
approach implemented by the organisation studied was
grounded in the principles of the EF, yet focused on sup-
plying knowledge for a project’s immediate needs. This
just-in-time approach is indicative of the constraints placed
upon software developers, being unable to devote signifi-
cant amounts of time to packaging experience for later use.

Despite favorable views of existing KM models and
frameworks specifically developed for SE, Ruggles [44]
provides a negative view towards KM in SE organisations.
He investigated the current ideas, attitudes and
approaches, held by executives towards KM in 431 US
and European software organisations. The results illustrate
a lack of confidence that organisations possess in relation
to the transfer and generation of knowledge, despite the
latter activity being identified as a key process activities
in KM strategies. Some of the general areas for improve-
ment in relation to the KM process include mapping
sources of internal expertise, establishing networks of
knowledge workers as well as the creation of new roles
for managing knowledge. It is suggested that organisations
should abandon technology-centric strategies, and focus
upon enablers such as leadership and culture (Ibid).

2.3. The proposed KM framework

In this study, a number of existing KM frameworks from
the literature was reviewed and their capabilities were
assessed upon their popularity as well as their potential appli-
cability to the software development [5,11,24,31,39,41].
These frameworks were selected to provide a structured
means of evaluating the KM process, through testing
hypothetical descriptions as well as exploring underlying
mechanisms that are often difficult to uncover. The main
criteria for selecting a framework for this study were; (i) it is
usedmostwidely (chap.5, [6])and(ii) it ismostconsistentwith
the latest holistic frameworks, e.g., [5,31,41].

In this study, three existing KM models were used to
establish a theoretical grounding for investigating the
owledge Management practices in ..., Inform. Softw. Technol.
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KM process for SE. The first model was the SECI model
developed by Nonaka and Takeuchi [39], which has been
acknowledged as an important contribution to understand-
ing the creation of different types of knowledge. The second
model was the ‘Experience Factory’ [10,11], which is syn-
onymous with KM in SE, and has been implemented by
both academics and practitioners with varying degrees of
success. The third model was the American Productivity
& Quality Centre and Arthur Andersen model [5,14] for
KM, which has formed the basis for benchmarking efforts
in over 100 organisations globally. After studying these
well-known models, a list of major KM enablers, KM pro-
cess activities and corresponding KM systems were identi-
fied as illustrated in Table 1.

(i) KM enablers: these are organisational factors that fos-
ter the development of knowledge through a typical
KM process [5]. In other words, these enablers are con-
sidered as being necessary for successful application of
KM in the domain of SE. These enablers are used in the
Knowledge Management Assessment Tool (KMAT)
which assists organisation to determine of its manage-
ment practice [41]. From Table 1, leadership evaluates
the role of leadership in managing knowledge within
the organisation. Culture is concerned with the climate
of the knowledge sharing environment, as well as the
culture in the organisation that promotes the knowl-
edge sharing. Technology examines the technology
aspect of KM practice. Measurement aims to find out
if there are effective measures to indicate the success
or failure of KM practice in organisation.

(ii) KM activities: these activities are adopted from
Arthur Anderson [5]. The activities presented in
Table 1 can also be found in many of today’s SE envi-
Table 1
An Integrated Knowledge Management framework (adopted from
[5,31,41])

Knowledge
Management
enablers

Knowledge
Management
activities

Knowledge
Management systems

Technology,
Measurement,
Culture,
Relationship

K Identification Communities of practice
K Acquisition Personal networks
K Creation Organisational practices and

routines

K Organisation Document management
systems
Expert system
Organisational routines

K Transfer Training
Informal networks
Groupware

K Application New IT-based business
processes (BP)

K Adoption New products and services
New markets

Please cite this article in press as: A. Aurum et al., Investigating Kn
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ronments. Each of the clusters of KM activities in
Table 1 represents a closely related set of activities
that have mentioned by various writers and more or
less refers to the same concept in the mainstream IS
literature. These generic categories are: ‘knowledge
creation’, ‘knowledge transfer’ and ‘knowledge appli-
cation’ [2,3]. This taxonomy also closely resembles
that of Rus and Lindvall [45] who mention the three
categories: ‘activities related to the purpose of out-
puts’, activities related to the scope of inputs’ and
‘efforts required to process inputs’. An additional
activity called the ‘knowledge organisation’ has also
been recognised as a KM activity by the early KM
researchers however mainly as a ‘focus’ rather than
as an ‘activity’: ‘‘KM focus is organised access to
and retrieval of content’’ [3]. This activity however
is receiving explicit recognition in many of the recent
studies and therefore it is also included in Table 1.
Definitions for the seven KM activities in Table 1
are provided in Appendix A.

(iii) KM systems: in an effort to match between KM activ-
ities with KM systems that support these activities,
Laudon and Laudon [31] developed a framework that
shows mapping between the above two. Based on this
framework, the KM systems are presented in column
3 of Table 1. Definitions for the KM systems in Table
1 are provided in Appendix A.

Table 1 allows analysis of various aspects of both organ-
isational learning and effectiveness of knowledge workers
that use various technologies and under different cultural
environments and leadership styles. As a result, KM can
be defined as an integrated process incorporating a set of
KM activities in order to create, store, transfer and apply
knowledge on a knowledge business value chain using
appropriate technologies and cultural environments. One
other reason for adopting an integrated framework for this
study is that while many software engineers are conscious
of knowledge that they have acquired from personal expe-
rience, they often find it difficult to express what they actu-
ally know. The key challenge for many of software
development organisations, therefore is not only to evalu-
ate knowledge from an epistemological perspective, but
more importantly in terms of its ability to address contex-
tual and business-related problems such as managerial and
organisational issues; and the selected framework satisfies
these conditions. KM in this sense becomes an enabler of
organisational learning that increases the ability of the
organisation to learn from its environment and to incorpo-
rate knowledge into its business processes. This study uses
the framework presented in Table 1 to investigate KM
practice in SE companies that are investigated.

3. Research design

Software development requires knowledge that embeds
in software product and knowledge that describe develop-
owledge Management practices in ..., Inform. Softw. Technol.



6 A. Aurum et al. / Information and Software Technology xxx (2007) xxx–xxx

ARTICLE IN PRESS
ment process as well as organisational processes. The basic
principle in SE is that the overall quality of software can be
improved when knowledge is made available and used pro-
ficiently. Furthermore, the need for further development of
SE practices within organisations adds to the demand for
systematic knowledge and skill management at all stages
of the software lifecycle. Thus, developing effective ways
of managing SE knowledge is of interest to software
developers.

The primary objective of this study is to provide a more
complete description of the KM process as applied by a
sample of Australian organisations engaged in software
development by adopting an empirical research method.
Work in this area is in its infancy, and early studies have
demonstrated conflicting opinions on the effectiveness of
existing KMSs for SE organisations. As far as the authors
are aware no investigation has been conducted by Austra-
lian SE industry or other Australian institutions for evalu-
ating aspects of KM practice in Australian SE
organisations and projects. The following research ques-
tions provided a focus for investigation:

• Research question 1 (RQ1): what is the current state of
practices for KM in SE in a sample of Australian
companies?

• Research question 2 (RQ2): what KM activities, if any,
comprise the KM process for SE in these companies?

• Research question 3 (RQ3): what high-level models
describe the KM process for SE in Australian SE
companies?

• Research question 4 (RQ4): what are the impacts of
leadership, technology, culture and measurement as ena-
blers of the KM process for SE in each of these
companies?

3.1. Research method

This research is conducted using two industry-based
case studies, since case studies are ‘‘especially suitable for
learning more about a little known or poorly understood
situation’’ [32]. Using both a quantitative and qualitative
approach as complementary epistemological orientations
is helpful in triangulation, and offers better understanding
of the findings. Thus, this research employed a mixed
research methodology to conduct the case studies. Both
qualitative (i.e., semi-structured interviews) and quantita-
tive methods (i.e., a detailed questionnaire) of data collec-
tion were used for three reasons, namely triangulation,
comparison and in depth understanding.

3.1.1. Semi-structured interviews

Semi-structured interviews were conducted to under-
stand the process used for managing knowledge during
software development and the interviewees’ perception of
how to manage SE knowledge during software develop-
ment process. The interview questions primarily focussed
Please cite this article in press as: A. Aurum et al., Investigating Kn
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on the current practice of KM in SE based on four ele-
ments. The elements namely types of knowledge, motiva-
tion for sharing knowledge, knowledge sources and KM
systems [6,13,39].

The main purpose of these interviews was to collect
qualitative data complemented and triangulated by the
results collected from the questionnaire. Each software
developer had to address issues arising from dynamic
group work, the need to combine both generic and specific
skills, and what knowledge to retain [6]. The interview ses-
sions allowed each participant to clarify question phrasing,
as well as to ensure that participant responses addressed
the research objectives of this study. The interviews were
held at suitable times for participants, with the duration
ranging 45–60 min. They were conducted in private meet-
ing rooms at the premises of the organisations involved.
Each participant was given an overview the research, and
detailing the participant’s rights and responsibilities. Each
participant then was asked a series of questions, with both
the researcher and participant seeking clarification or more
information wherever required. The proceedings of each
interview were recorded verbatim electronically. Transcrip-
tion of interviews was over 100 pages length.

3.1.2. Questionnaire

The questionnaire is based upon elements of existing
KM models, as well as activities suggested as being compo-
nents of the KM process used for SE. It consists of three
sections: (1) background information about each partici-
pant and a nominated project, (2) major activities per-
formed in the KM process for SE (i.e., the seven KM
activities in Table 1) and (3) the KM enablers (i.e., the four
enablers in Table 1) for the KM process in SE. Finally the
questionnaire also included an appendix which provided
the definitions of the terminology and KM activities that
we used within the questionnaire. The main categories of
the questionnaire items were between open-ended and
close-ended questions. The questionnaire developed for
this study was designed to contain a balance of these types.
A pilot study was then completed, involving participants
with SE experience. The results of the pilot were analysed,
and prompted refinement of the research instrument before
it was applied to the target audience in the two selected
companies.

The researcher who conducted the interviews also
administered the questionnaire to each participant, ensur-
ing consistency in administering the research instrument,
with the duration ranging 60–90 min in a private session,
and only the researcher and the participant in attendance.
Each participant was instructed to complete the question-
naire and to provide additional comments/feedback ver-
bally at any stage.

3.2. Selection of case studies and data collection

In this study, the two software companies (Company A
and Company B) were selected primarily on the basis that
owledge Management practices in ..., Inform. Softw. Technol.



T
ab

le
2

C
h

ar
ac

te
ri

st
ic

s
o

f
p

ro
je

ct
s

P
ro

je
ct

P
ro

d
u

ct
C

u
st

o
m

er
L

o
ca

ti
o

n
s

C
u

st
o

m
er

ac
ce

ss
N

o
.

o
f

te
am

m
em

b
er

s
E

ff
o

rt
(P

M
)

S
iz

e
P

ri
o

ri
ti

es

A
1

E
n

h
an

ce
m

en
ts

to
an

A
u

st
ra

li
an

In
te

rn
et

b
an

k
in

g
w

eb
si

te
E

xt
er

n
al

S
am

e
si

te
M

o
d

er
at

e
11

–2
5

24
0

L
ar

ge
T

im
e/

co
st

/q
u

al
it

y
A

2
P

ro
ce

ss
in

g
ap

p
li

ca
ti

o
n

fo
r

o
n

li
n

e
h

o
m

e
lo

an
ap

p
li

ca
ti

o
n

s
o

f
an

A
u

st
ra

li
an

b
an

k
E

xt
er

n
al

S
am

e
si

te
M

o
d

er
at

e
1–

10
28

M
ed

iu
m

F
u

n
ct

io
n

al
it

y

B
1

A
d

m
in

is
tr

at
io

n
ap

p
li

ca
ti

o
n

fo
r

a
la

rg
e

A
u

st
ra

li
an

go
ve

rn
m

en
t

ag
en

cy
E

xt
er

n
al

D
iff

er
en

t
si

te
s

M
o

d
er

at
e

26
–1

00
96

7
L

ar
ge

C
o

st

B
2

A
d

m
in

is
tr

at
io

n
ap

p
li

ca
ti

o
n

fo
r

la
rg

e
T

h
ai

b
an

k
E

xt
er

n
al

D
iff

er
en

t
si

te
s

H
ar

d
26

–1
00

11
1

L
ar

ge
T

im
e

A. Aurum et al. / Information and Software Technology xxx (2007) xxx–xxx 7

ARTICLE IN PRESS
they both claimed to apply KM practices in their software
development work. One of the authors who once worked in
Company A earlier was also working in Company B at the
time of investigation carried on.

Company A is a multinational organisation, and have a
KM special interest group, with an area allocated on their
intranet from which KM-related articles and contributions
can be downloaded. Company B is also an Australian
organisation. In this company there were sessions held
where an employee, considered being an ‘‘expert’’, pre-
sented in his/her work other employees. Both organisations
recognised the knowledge that each of their employees pos-
sessed. They both assigned time and resources to try and
tap into this knowledge, with mixed results. Both of these
companies have already invested significant amounts of
time and resources in improving the quality of their soft-
ware development processes, and therefore they would be
ideal candidates for evaluating the effectiveness of a KM
process as it is applied in SE.

Data were collected through the questionnaire and inter-
views. A total of 12 people (six people from each company)
were participated in this study. Data were collected from
two projects at each company. The same subjects who par-
ticipated in interviews also filled out the questionnaires.

All participants were in software development roles in
the projects examined which included one project team lea-
der, six software developers, two programmers, one sys-
tems analyst and two consultants. Software developers
were targeted because of their exposure to many aspects
of the software development lifecycle, as well as their broad
technical perspective. Their experience in software develop-
ment ranged from 2 to 24 years.

3.3. Description of the companies and the projects

For reasons of confidentiality, the two companies are
identified by the letters A and B, followed by a project
number to represent each project within the respective
company. Characteristics of these companies and the pro-
jects are provided in Table 2.

Company A is in the IT services industry, and has a glo-
bal workforce of over 130,000 people operating in over 60
countries. Approximately 35% of the workforce in software
development roles. Both of the projects studied produced
customer-specific products for external clients. In both pro-
jects there was close interaction with the customer through-
out the project duration.

• Project A1: the objective of the project A1 was to sup-
port and make enhancements to a large Internet bank-
ing website. Participants were required to produce
code for releases scheduled every few months. The
project had between 11 and 25 team members for its
duration, with approximately 70% possessing technical
qualifications. The total effort was approximately 240
person months. Thus, the project was classified as
large.
Please cite this article in press as: A. Aurum et al., Investigating Knowledge Management practices in ..., Inform. Softw. Technol.
(2007), doi:10.1016/j.infsof.2007.05.005
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• Project A2: in project A2, project team members were
involved with developing an application to process
online home loan applications for a major Australian
bank. The customers were external customers, with cus-
tomer access regarded as moderate. The project had
between 1 and 10 team members for most of its dura-
tion, with approximately 90% possessing technical qual-
ifications. The total effort was approximately 28 person
months. Hence, the project was classified as being med-
ium-sized.

Company B is also in the IT services industry, operating
primarily in Australia and employing 2500 people.
Approximately 40% work in software development roles.
Both projects produced customer-specific products for
external clients. In both projects there was close interaction
with the customer throughout the project. Both time and
cost were major priorities for both projects.

• Project B1: in project B1, project team members were
involved in developing an administrative system for a
large Australian government agency. The project team
was located at a different site to the customer with cus-
tomer access being classified as moderate. The total
effort was approximately 967 person months. Therefore,
the project was classified as being large.

• Project B2: in project B2, project team members were
involved with developing a superannuation system for
a financial institution in Thailand. The project team con-
sisted of between 26 and 100 people, with approximately
90% of the project team possessing technical qualifica-
tions. The total effort was approximately 111 person
months. Consequently, the project was classified as
being large.

4. Data analysis and results

The role of KM as a success factor in large software pro-
jects is widely accepted [6]. Central to this role is storing
project data as well as experiences and problems or issues
noted by engineers into experience repositories or factories.
This section focuses on the data captured from the two case
studies during interviews and from the questionnaire, and
provides a detailed analysis of these data.

4.1. Current practices for KM in SE

In analysing RQ1, this section examines the current KM
practices in two companies. The objective was to assess the
software developers’ understanding and perception of KM,
which in turn, would determine their commitment to the
practice of KM. We wanted to assess whether or not there
was a common/shared understanding of the KM among
them, and in what they were doing.

Data for this question was captured during the semi-
structured interviews. As a first step in this direction,
Please cite this article in press as: A. Aurum et al., Investigating Kn
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interviewees were asked to define knowledge and KM.
The second step towards understanding current KM
practices was to assess the interviewees’ level of aware-
ness of the currently available knowledge sources as well
as tools used, and techniques and methods applied.
Although quite tempting, no direct reference was made
at this stage to KM activities, as this is the subject of
the next research question, described in Section 4.2.
The data collected were then used as basis for describing
the KM practices for SE in the two companies.

4.1.1. Company A

While participants from Company A believed that
KM would ultimately improve the quality of the work
they produced, it became apparent that the tools and
techniques being used were inappropriate or ill con-
ceived. Most participants affirmed that their colleagues
were an invaluable source of acquiring knowledge (i.e.,
Informal networks in Table 1), although many observed
that they relied on the extent of personal networks

rather than the knowledge managed collectively by their
company (i.e., organisational practices and routines in
Table 1). It was noted that management has heavily
promoted standards and process methodologies, with
project documentation required to conform to these
activities.

In project A1, participants were aware of the potential
benefits associated with KM, despite facing difficulty in
their software development processes. Most participants
were able to provide appropriate definitions for both
knowledge and KM, although there was some confusion
regarding the distinction between information and knowl-
edge. For instance knowledge is defined by the three partic-
ipants as follows: ‘‘Understanding of systems and

technologies,’’ ‘‘Relationship between concept and physical

world’’ and ‘‘Skills, experience (i.e., ‘‘The Ropes’’) needed

to understand something.’’
Although personal networks for Knowledge Acquisition

had not been formalised, participants disseminated
knowledge by engaging in regular discussions with
each other during coffee breaks, team meetings and
through email (i.e., Informal networks and Groupware

in Table 1).
In project A2, KM was positioned as an important

component in the project plan. As far as the knowledge
storage process of KM was concerned, all participants
were conscious of organising their knowledge for future
use. They were also conversant with the structure of pro-
ject repositories and group directories. However, during
the knowledge storage process, the intrinsic motivation
of project team members was relied upon in order to
have the knowledge produced from the project stored
in a more explicit form. In addition, participants encoun-
tered difficulty when asked to define the concepts of
knowledge and KM. As in project A1, a uniform process
model for applying KM to software development work
could not be identified.
owledge Management practices in ..., Inform. Softw. Technol.



A. Aurum et al. / Information and Software Technology xxx (2007) xxx–xxx 9

ARTICLE IN PRESS
4.1.2. Company B

As in Company A, KM was considered to be an impor-
tant component of the work of software developers. The
influence of standards, particularly the ISO9000 series, on
KM was visible also in the two projects examined. The
absence of KM systems and the limited search facilities
for repositories and archives highlights the relative imma-
turity of the KM process for SE in Company B.

In project B1, regular feedback was delivered to partic-
ipants after reaching each milestone. The majority of par-
ticipants were able to supply appropriate definitions for
both knowledge and KM. For example one participant
described knowledge as ‘‘information a person has in his/

her head or that can be asserted or interpreted based on past
experience’’ and KM as ‘‘structuring and organizing infor-

mation in a way that is easily accessible.’’
The location of experts was heavily reliant upon the

extent of personal networks. The amount of discussion
and networking among project team members and peers
was limited, perhaps as a result of the geographical separa-
tion of the software developers involved.

In project B2, confusion surrounded the definitions of
both knowledge and KM. Most participants were able to
identify and resolve problems using their existing knowl-
edge, although searching facilities were limited. All partic-
ipants were able to adapt existing knowledge in order to
produce innovative solutions to problems. In addition,
sharing knowledge with others was undertaken with a view
to enhance the capabilities of the project team, ultimately
focused on producing a quality product.
4.2. KM process activities

In analysing RQ2, this section examines the KM-related
activities that are applied in SE contexts. One of the objec-
tives of our study is to capture both explicit and implicit
activities in order to understand the nature of the KM pro-
cesses during software development in selected companies.
We describe implicit activities as the activities performed by
team members in an ad-hoc manner; they do not involve
the sharing of knowledge about the task [46] and ultimately
lead to implicit or tacit organisational knowledge. Perform-
Fig. 1. Average efforts invested on sev

Please cite this article in press as: A. Aurum et al., Investigating Kn
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ing activities explicitly during the project lifecycle plays an
important role in the prevention of such conditions. We
define explicit activities as those activities that follow the
stated software development process in a visible and
accountable manner to the whole project team [46]. Expli-
cit activities provide retrievable information through devel-
oping explicit knowledge that can be used as new
components in the construction of organizational knowl-
edge. Furthermore, they increase the potential problem-
solving ability of a development team and also facilitate
decision-making activities during the software development
process, through providing the possibility of knowledge
transfer and knowledge integration; the latter has a signif-
icant role in reducing software development challenges [49].
Thus, capturing explicit and implicit activities during the
project life cycle is a way of better understanding the nature
of the KM process on the one hand, and obtaining an
implicit evaluation of the level of explicit knowledge within
the company, on the other.

In order to examine the relationship between the prac-
tice and the research, each participant was asked whether
the seven KM activities provided in the questionnaire were
performed explicitly, implicitly or not performed at all.
They were also required to assign a percentage to each
activity in relation to the total effort for KM in SE to be.
Fig. 1 summarises the distribution of explicit and implicit
KM activities in four projects that we investigated in two
case studies.
4.2.1. Company A
At Company A, all seven KM activities were being per-

formed. The results indicate that most participants per-
formed Knowledge Adaptation implicitly. Knowledge
Organisation and Knowledge Distribution activities were
mainly performed explicitly, whereas the remaining activi-
ties were performed both implicitly and explicitly in each of
the projects examined.

In project A1, the majority of participants understood
Knowledge Identification and Knowledge Organisation to
be performed explicitly. Both Knowledge Creation and
Knowledge Application were performed implicitly. Knowl-
en KM activities in four projects.

owledge Management practices in ..., Inform. Softw. Technol.
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edge Acquisition, Knowledge Adaptation and Knowledge
Distribution were performed both implicitly and explicitly.

In terms of the total amount of effort allocated to each
activity, both Knowledge Organisation (20%) and Knowl-
edge Application (20%) required the most effort. Knowl-
edge Acquisition (19%) was closely behind, while
Knowledge Identification (8%) and Knowledge Distribu-
tion (7%) required the least amount of effort.

In project A2, most activities in the proposed KM pro-
cess model were performed explicitly. The responses of par-
ticipants revealed that Knowledge Acquisition, Knowledge
Identification, Knowledge Organisation, Knowledge Dis-
tribution and Knowledge Application were all performed
explicitly. Knowledge Adaptation was performed implicitly
by all participants, while Knowledge Creation was per-
formed both implicitly and explicitly.

In terms of the total amount of effort allocated to each
activity, Knowledge Organisation (18%) and Knowledge
Distribution (18%) required the most effort. Knowledge
Adaptation (17%) followed closely behind, while Knowl-
edge Identification (9%) required the least amount of effort.

4.2.2. Company B
At Company B, all seven of the proposed KM activities

in this study were performed. The results indicate that most
participants performed Knowledge Creation and Knowl-
edge Application explicitly, whereas Knowledge Identifica-
tion and Knowledge Organisation were mainly performed
implicitly. The remaining activities were performed both
implicitly and explicitly in the projects analysed.

In project B1, Knowledge Creation, Knowledge Acqui-
sition and Knowledge Application were performed explic-
itly. All participants performed Knowledge Identification,
Knowledge Adaptation, Knowledge Organisation and
Knowledge Distribution implicitly. In relation to the total
amount of effort allocated to each KM activity, Knowledge
Application (35%) required the most amount of effort.
Knowledge Creation (22%) and Knowledge Acquisition
(15%) were also allocated a significant amount of the total
effort invested in the KM process for SE.

In project B2, Knowledge Organisation and Knowledge
Distribution were performed explicitly. The remaining
activities were performed implicitly, implying that the visi-
bility of the KM process used for SE in project B2 was lim-
ited. That is, KM process activities were embedded within
the context of the software development lifecycle followed
in this project. In relation to the total amount of effort
assigned to each KM activity, Knowledge Organisation
(26%), Knowledge Creation (18%) and Knowledge Acqui-
sition (17%) required the most amount of effort. Knowl-
edge Identification (3%) required the least amount of effort.

4.3. Descriptive KM process models

In analysing RQ3, this section constructs high-level
descriptive models of the KM processes for SE using the
data collected from the two case studies. The results are
Please cite this article in press as: A. Aurum et al., Investigating Kn
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drawn from the questionnaire which required the partici-
pants to describe the KM process and the activities in each
phase of a specific project they played a part in. High-level
process models are constructed for each project and then
compared with models in the existing literature. Examples
of the process models identified by the participants are
illustrated in Figs. 2–5. The left hand side of the figures list
the phases of the KM process (i.e., terminology used in the
organization) in a particular project. The right hand side of
the figures display the KM activities (in rectangular boxes)
performed at each phase (i.e., the seven KM activities pro-
vided in the questionnaire). Solid and dashed lines are used
to illustrate whether the activities are performed explicitly
or implicitly. Note that the size of the boxes is of no impor-
tance. The order of the boxes shows the progression of the
activities in each phase.

The results so far of this study indicate that KM activi-
ties in SE were embedded within the context of the system
development lifecycle model embraced by each company.
Although each company had a process improvement initia-
tive, the results suggest that process improvement was dri-
ven more by commercial necessity rather than a desire to
leverage the knowledge they possess. Company A, in order
to retain one of the biggest customers, wanted to get to
CMMI Level 5. Both companies operated with a large
number of consultants, who were mostly sent out to client
sites where they could be billed for their time. Both compa-
nies had far fewer staff at head office, performing adminis-
trative work that was not billable. When it comes to
making money, this came from billing out consultants at
high rates, rather than having these people work internally
on process improvement activities.

Since the application of KM principles in SE remains an
emerging area, it was anticipated that participants might
encounter difficulty when asked to describe the components
of a KM process that they apply in their software develop-
ment work. However, most participants were able to asso-
ciate the KM activities proposed in this study with various
stages of the system development lifecycle in their projects.

Each project of each company used a different KM pro-
cess for its SE. Therefore, a single high-level descriptive
model of the KM process for SE could not be formulated.
While this is a reflection of the relative immaturity of KM
in SE, nevertheless several high-level models were produced
for each project. Each model depicts the phases that com-
prise the system development lifecycle models being used in
one project, with a mapping to KM activities that are pro-
posed in this study.

4.3.1. Company A

In project A1, the first participant concurred with the
list of activities presented in this research as suitable com-
ponents of a KM process model used for SE in Company
A. The remaining two participants disagreed with this
assessment, and considered KM activities to exist within
the context of system development lifecycle model pre-
scribed by their company.
owledge Management practices in ..., Inform. Softw. Technol.
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Fig. 3. KM process model for project A2.
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The high-level model for project A1 depicts six main
phases (see Fig. 2). In both the Define and the Produce
phases, all activities identified in this study are per-
formed. It is interesting to note that in every phase in
which Knowledge Organisation is performed, it is per-
formed explicitly. In addition, Knowledge Acquisition is
performed both implicitly and explicitly in every phase
in which it is performed. The responses suggest that
the high-level model presented below is predominantly
linear, closely resembling a waterfall model for software
development.

In project A2, every participant considered the KM pro-
cess to be embedded within the context of the system devel-
opment lifecycle followed in his/her project (see Fig. 3).
Please cite this article in press as: A. Aurum et al., Investigating Kn
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The high-level model for A2 illustrates five main phases,
with multiple KM activities being conducted in each. In
contrast to the high-level model constructed for project
A1, a phase relating to documentation is represented. Some
participants acknowledged that this phase was being itera-
tively conducted throughout the entire software develop-
ment process.

An activity that is performed in every phase of the
high-level model presented for project A2 is Knowledge
Adaptation. In addition, Knowledge Creation, Knowledge
Distribution and Knowledge Application are performed in
all but one of the phases depicted. On the other hand,
Knowledge Organisation is performed only during the
Document phase.
owledge Management practices in ..., Inform. Softw. Technol.
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Fig. 5. KM process model for project B2.
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4.3.2. Company B

As shown in Fig. 3, in project B1, all participants con-
sidered the KM process to be embedded within the soft-
ware development lifecycle adhered to in their project.
The high-level model for project B1 (Fig. 4) illustrates five
main phases. Knowledge Identification, Knowledge Adap-
tation and Knowledge Organisation are all performed
implicitly in this model. The remaining activities are per-
formed both implicitly and explicitly.

It is interesting to note Knowledge Creation is only per-
formed in the earlier phases of the model, along with
Knowledge Acquisition and Knowledge Adaptation. Alter-
natively, Knowledge Application is performed only in the
latter phases of the model.
Please cite this article in press as: A. Aurum et al., Investigating Kn
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In project B2, all participants considered the KM pro-
cess to be embedded within the software development life-
cycle model followed in their project (see Fig. 5). As with
project B1, the high-level model for project B2 illustrates
five main phases.

In the Development phase, all activities identified in this
study were performed. Knowledge Distribution is per-
formed explicitly in every phase of this model, while
Knowledge Organisation is performed mainly explicitly.
The remaining activities are performed both implicitly
and explicitly. It is interesting to note that Knowledge
Adaptation is performed in every phase of this model,
while the remaining activities appear primarily in the first
three phases of this model.
owledge Management practices in ..., Inform. Softw. Technol.
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4.4. KM enablers

KM essentially brings together three organisational
resources – people, processes and technologies – to enable
the organisation to use and share information more effec-
tively. KM enablers, in Table 1, essentially imply that lead-
ership, technology, culture and measurement must be
addressed when applying a KM process in organisations,
rather than considering it in isolation.

In analysing RQ4, this section evaluates the impact of
KM enablers on the KM process for SE. Data is collected
through the questionnaire, which required each participant
to respond questions relating to factors in the KM process
for SE used on his/her project. In addition, each partici-
pant was asked to rate each of the importance and applica-

bility of each enabler of the KM process for SE using a
Likert scale. This metric was used to establish an overall
perspective of how each enabler was viewed by the partic-
ipants, and to solidify links with activities in the KM pro-
cess for SE (see Fig. 6).

4.4.1. Company A

At Company A, leadership emerged as having the most
significant impact upon KM in SE. A high-level of support
could be found also for both technology and culture,
although there was greater variance in the ratings partici-
pants assigned to them. Leadership was assigned an aver-
age rating of 4 for both its importance and applicability
to the KM process for SE. Although half of the partici-
pants assigned a rating of 2 or 3 for the importance of tech-
nology, a high rating for its applicability was consistently
recorded. For culture, a similar variance was displayed
with each of the participants assigning a rating of 3 for
both its importance and applicability. The ratings assigned
for measurement suggest that it is the least appreciated of
the four enablers, for its importance and applicability to
the KM process for SE.

4.4.2. Company B

At Company B, leadership, technology and culture
emerged as significant enablers of the KM process for
SE. In terms of importance, all three were consistently
given high ratings. However, participants were divided
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Fig. 6. Four enablers in four projects from Company A and Company B.
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about the applicability of culture. Measurement had the
lowest ratings for applicability, despite every participant’s
rating it highly for its importance to the KM process for
SE. This dichotomy may be explained by the difficulty
many participants expressed when asked to identify appro-
priate measures that could be used to determine the knowl-
edge they possess. The lower ratings for applicability may
also be a product of inappropriate measurement strategies
adopted by management, generating cynicism towards
their use to ascertain job performance.

5. Discussion of results

This section presents discussion of findings from ques-
tionnaire by using supporting quotations from the struc-
tured interviews with software developers.

5.1. Current practices for KM in SE

This section discusses the current practice of KM in SE
based on four elements focussed on our interviews, namely
types of knowledge, motivation for sharing knowledge,
knowledge sources and KM systems.

5.1.1. Types of knowledge

In both companies, the type of knowledge applied for
software development in the projects examined was pri-
marily implicit. Success stories were not frequently shared
between project team members. However, a number of
structures, particularly in Company A, had been estab-
lished for storing explicit knowledge, such as group direc-
tories, archives and repositories (i.e., document

management systems in Table 1). Despite the accessibility
of explicit knowledge, the third participant from project
A1 highlighted the difficulty in converting implicit knowl-
edge to explicit knowledge: ‘‘To be honest, I’m not sure

how you’d formally put it down in a way that you could ref-

erence it.’’ One of the participants in B1 project, who had
been working about two years in Company B, was unsure
of the existence of formal archives and repositories, as well
as the ability to match an individual with the knowledge he
or she possesses ‘‘I don’t think we’ve got any kind of direc-

tory that ties people in, technically, with their skill set.’’
The third participant from project B2 commented that
the particular system used for this project mandated indi-
viduals with specialist expertise: ‘‘Unless you know that cer-

tain programs and files related to each other, you’re never
going to know.’’ In short, the predominant knowledge type
in both companies was tacit and implicit and the process
for locating individuals with knowledge relied upon the
scope of personal networks.

5.1.2. Motivation for sharing knowledge

In both companies, most participants claimed that their
primary motivation for sharing knowledge with other team
members was the desire for everyone to be able to perform
their duties at a similar level. In Company A, the majority
owledge Management practices in ..., Inform. Softw. Technol.
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of participants believed career progression was associated
with the ability to continually move between different pro-
jects. The second participant from project A2 asserted:
‘‘Whenever I was able to become redundant, I could find a

better job. At Company B, most participants maintained
that their primary motivation for sharing knowledge was
to ensure all project team members were able to perform
their duties at a similar level. While the third participant
from B1 pointed out that there is always to something to
gain by sharing knowledge, the first participant from pro-
ject B2 commented that knowledge can be a factor in deliv-
ering more stimulating work. Some participants discussed
the significance of obtaining appropriate KM tools, as well
as the explicit recognition of KM activities in project sched-
ules. The third participant from project A2 sensed these
two factors would engender increased motivation to engage
in KM activities.

5.1.3. Knowledge sources

In Company A, the majority of participants from pro-
ject A2 preferred a ‘Learn by Doing’ approach to acquiring
knowledge, rather than attending formal training (see
Table 1) programs. The knowledge gained from participat-
ing in formal training programs was considered to be irrel-
evant unless it could be applied immediately. Furthermore,
both the time and cost of such programs meant they were
offered infrequently to the participants. Finding subject-
matter experts was an informal process, with an onus being
placed upon participants and their managers to leverage
personal networks. The third participant from project A1
maintained that colleagues were the most useful source of
knowledge (informal networks andpersonal networks),
although questioned their ability to organise and distribute
knowledge with others. In Company B, personal networks

were seen as the primary mechanism for transferring
knowledge between project team members. The use of
third-party knowledge was common, with the main sources
being the Internet and magazines, overshadowing project
repositories and KM systems maintained such as in Com-
pany B. Most participants were comfortably using this
knowledge. The third participant from project B2 declared
that third-party knowledge could be applied without major
adaptation, depending upon the validity of its source.
There was also some confusion as to whether project repos-
itories and archives were accessible organisation-wide.

5.1.4. KM systems
In Company A, all participants were aware of reposito-

ries and archives containing knowledge from earlier pro-
jects. New employees were introduced to the main group
directories as part of their induction programs, underlining
the importance assigned to maintaining the currency and
relevance of knowledge bases. Company A had also tried
to foster online communities, to assist employees in com-
municating with others sharing the same interests. The first
participant from project A2 described the process for sub-
mitting a question about the preparation of test scripts to a
Please cite this article in press as: A. Aurum et al., Investigating Kn
(2007), doi:10.1016/j.infsof.2007.05.005
global KM community maintained by Company A as fol-
lows ‘‘. . .we had some templates, but then we decided to post

a message to the GSMS community. In less than an hour, we

had around 20–30 responses.’’
The responses of participants from Company B reveal

that KM systems, e.g., document management systems, were
not widely available. There was frustration with the ave-
nues for communicating feedback. There was optimism
about the effect a KM system could have on knowledge
re-use, although it remained largely untracked. In project
B1, a software development framework developed for a
similar project was re-used. The first participant from pro-
ject B1 stated: ‘‘What we do now is create a framework for

what we did from the last project. We’re using, basically, the
same framework now.’’ It can be argued that the use of a
KM system would eliminate the risk of re-using knowledge
without also accounting for the idiosyncrasies of each
project.

In summary, findings were similar to previous studies
[13,15] and showed that most of SE knowledge was tacit
and contextual in nature which was difficult to capture
and store. In terms of knowledge management strategy,
our findings complement Hansen’s [22] work. In other
words, knowledge was managed mostly documenting and
storing carefully (i.e., the codification strategy) in Com-
pany A, whereas it was mainly managed through personal
networks (i.e., personalisation strategy) in Company B.
Although, participants believed the usefulness of knowl-
edge sharing, they were not able to utilise some of the
KM systems presented in Table 1, e.g., formal training.
Among those systems, the personal networks, informal net-
works, groupware and third-party knowledge such as
Internet and magazines were the most commonly used sys-
tems. On the other hand, expert systems, BPM systems,
new product and services technologies, and new market
technologies were not present in these companies yet at
the time that they were investigated. There was a need to
formalise knowledge sharing of practices, especially in
Company B, while also supporting informal and ad-hoc
knowledge sharing. A detailed discussion on knowledge
sharing can be found in (chap. 4, [6]).

5.2. KM process activities

This section focuses on the application of seven KM
activities in two companies.

5.2.1. Knowledge Creation

Knowledge Creation was performed both implicitly and
explicitly across all projects examined. All 12 participants
recognised that this activity was being performed in his/
her software development project. This is encouraging,
implying that there is general consensus that software
development does produce a large amount of knowledge.
A medium amount of effort was allocated to this activity,
ranging from 10% to 25% of each person’s software devel-
opment time.
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An A1 participant concluded that project reviews did
not always produce a balanced assessment of positive
and negative outcomes: ‘‘. . .you rarely have these insightful

comments like ‘A really, really good way would have been

this.’ It would just be a case of ‘this screwed up. What did

we do wrong? Let’s make sure we don’t do it again.’’ One
of the B1 participant expressed a preference for discussing
problems with colleagues at the time these problems are
discovered, rather than investigating more explicit knowl-
edge sources: ‘‘Just, because that’s the first place you go to

another team member.’’
At both Company A and Company B, team meetings

were acknowledged as crucial opportunities for team mem-
bers to present new ideas, to offer advice as well as to com-
mit to processes and methodologies. The first participant
from project B1 portrayed team meetings as being pivotal
to the creation of new knowledge: ‘‘You talk about prob-

lem-solving, but there’s also things like guidelines. We talk

about how we should do this, how we should do that. And,

from that, we do produce documents.’’

5.2.2. Knowledge Acquisition

Knowledge Acquisition was performed both implicitly
and explicitly across all projects examined. Each partici-
pant recognised that this activity was being performed dur-
ing the course of his/her software development project. In
projects A2 and B1, this activity was performed mainly
explicitly, while in project B2 it was performed mostly
implicitly. A medium amount of effort was assigned to this
activity, ranging between 10% and 20% of each person’s
software development time. At Company A, team meetings
were seen as ideal opportunities to acquire knowledge from
others in a project. For software developers, code reviews
were seen as even more useful, since more specific knowl-
edge generally emerged. At Company B, feedback about
project status and observation of problem areas was ordi-
narily encouraged. The principal forum, as in Company
A, was the team meeting. In addition, colleagues were
regarded as being the most valuable source of knowledge.
It could not be determined whether this perception was
because colleagues offered knowledge that was easily appli-
cable to project-specific problems, or because of the ease of
knowledge transfer.

5.2.3. Knowledge Identification

Knowledge Identification was performed both implicitly
and explicitly across all projects examined. In project B1,
all participants performed this activity implicitly. In pro-
jects A1 and A2, this activity was performed explicitly by
most participants, while in project B2 this activity was per-
formed mainly implicitly. A small amount of effort was
assigned to this activity, ranging between 0% and 10%.

At Company A, some participants encountered diffi-
culty comprehending the nature of this activity, and
doubted this activity was being performed in their normal
work as software developers. The first participant from
Company A, when encountering the term, remarked:
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‘‘Knowledge Identification . . .I don’t think we do that at

all.’’ The second participant from project A2, in discussing
process improvement suggestions, noted: ‘‘At least this pro-

ject had documented roles and responsibilities. You just have

to refine the structure of what everyone has to do.’’ The third
participant from project A1, when asked about identifying
current software development problems using knowledge
gained from previous work, stated: ‘‘Mostly, it’s just stuff

I’ve stored in my head. I’m pretty hopeless with documenting

things like that.’’
At Company B, participants mentioned that areas for

process improvement were usually identified by individu-
als, and then raised and addressed in forums such as team
meetings. Most participants were comfortable with the re-
use of knowledge from earlier projects, in order to identify
current problems. However, this knowledge was often tacit
or implicit.

5.2.4. Knowledge Adaptation

Knowledge Adaptation was performed both implicitly
and explicitly across all projects examined. In project A1,
this activity was mainly performed explicitly. In project
A2, all participants performed this activity implicitly. In
projects B1 and B2, this activity was performed mainly
implicitly. A small amount of effort was assigned to this
activity, ranging between 5% and 20%.

The majority of participants from both Company A and
Company B stated a preference for generic knowledge, cit-
ing its applicability to multiple situations. This preference
may arise from the variety of different business problems
that software developers are asked to consider when work-
ing for an IT services organisation. The third participant
from project A2 asserted that knowledge remained useful
only within the context of a specific project: ‘‘I would say

it is very limited knowledge that isn’t useful to. . .anything

in the future.’’
Most participants considered updating a knowledge base

to be an onerous activity, and one that was not assigned high
priority in the projects they were involved with. The second
participant from project A1 noted that updating the knowl-
edge base with a particular knowledge item was left to those
directly responsible for this item: ‘‘The most you might do. . .I
point them at your reference, and say ‘Have we considered

doing this?’’ A key inhibitor identified by participants in rela-
tion to updating a knowledge base is time, exacerbated by
constant movement between projects and geographic loca-
tions. The third participant from project A1 commented:
‘‘Most of the time, you’ll find that you don’t get the chance

to do it, whether you want to or not.’’ The third participant
from project B2 asserted that updates and changes to address
identified problems with existing knowledge was cumber-
some: ‘‘Yeah, I would suggest it to the people who happened

to have access.’’

5.2.5. Knowledge Organisation
Knowledge Organisation was performed both implicitly

and explicitly across all projects examined. In project A2,
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all participants performed this activity explicitly. In pro-
jects A1 and B2, this activity was performed mainly explic-
itly, while in project B1 it was performed implicitly by most
participants. A medium amount of effort was assigned to
this activity, ranging between 5% and 30% per person.
Many participants felt remote access was either too slow
or not possible. The constant travel of consultants working
in a technology services organisation was identified as a
reason for the perceived difficulty in accessing archives
and repositories.

At Company A, directory structures were closely linked
to the use of specific method. Despite the presence of stan-
dardised directory structures, the first participant from
project A1 was critical of the approach toward organising
knowledge that the project method advocated. While the
use of standards may have resulted in the conversion of
some implicit to explicit knowledge, the third participant
in project A1 presented a conflicting view: ‘‘Pretty much

99% of the knowledge that I have gained from this project

is just in my head.’’ At Company B, many documents from
earlier projects were made available, although the search-
ing facilities were primitive. In addition, many participants
were unsure as to the existence of archives and repositories.
The second participant from project B1 stated: ‘‘. . .as far as

I’m aware of, there’s no central repositories with any kind of

searching facilities.’’

While standards mandated that specific project docu-
mentation be produced and stored, the results hint that
participants retained a significant amount of tacit and
implicit knowledge from projects they had previously
worked on. Although documents from earlier projects were
made available, they were often difficult to locate due to the
absence of a centralised search engine.

5.2.6. Knowledge Distribution

Knowledge Distribution was performed both implicitly
and explicitly across all projects examined. In projects A2
and B2, this activity was performed mainly explicitly, while
in project B1 it was performed mainly implicitly. In project
A1, this activity was performed both implicitly and explic-
itly. A small amount of effort was assigned for this activity,
ranging between 5% and 20% per person. The majority of
participants assigned less than 10% effort for this activity.
Each participant was able to identify multiple sources of
knowledge about policies and procedures governing soft-
ware development in the company. Some popular sources
included the Internet, magazines and colleagues.

The responses of participants from Company A suggest
that the primary motivator for sharing knowledge was
overwhelmingly career progression. The second participant
from project A1 commented: ‘‘[But] the not altruistic

answer is if they know it, I don’t have to do it.’’ An addi-
tional reason for sharing knowledge was recognition of
the risk of having important knowledge residing in a few
individuals only. The third participant from project A2
professed: ‘‘I always say this. . .if I get hit by a car tomorrow

and I can’t come to work, that’s it.’’ At Company B, partic-
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ipants cited more intrinsic motivators when explaining
their reasons for sharing knowledge. The first participant
from project B2 stated that sharing knowledge contributes
to better quality software: ‘‘Sharing means others can solve

problems faster and are less likely to be frustrated, resulting

in a more efficient and happy working environment.’’

5.2.7. Knowledge Application

Knowledge Application was performed both implicitly
and explicitly across all projects examined. A medium
amount of effort was assigned to this activity ranging
between 10% and 35% per person. In projects A2 and B1, this
activity was performed mainly explicitly, while in projects A1
and B2 it was performed mainly implicitly. In project B1,
35% of the total effort assigned to KM activities was for
Knowledge Application, emphasising the important role it
was seen to play in software development work.

Each participant was comfortable with re-applying his
or her existing software development knowledge in a range
of different scenarios. The level of satisfaction with third-
party knowledge was generally high, with many a partici-
pant willing to conduct extensive searches until locating a
knowledge item suitable for their purposes.

Most participants were able to conceive benefits associ-
ated with a system to track knowledge re-use by project team
members. However, such a system did not exist in either
organisations. In describing some of the potential benefits
of such a system, the second participant from project A1 sta-
ted: ‘‘Well, I guess it would allow the organisation to put a

value on its knowledge. And, also to measure risk. They can

see a gap between the knowledge they know about and the
knowledge they ought to know about.’’ The first participant
from project A1 highlighted the overhead involved in estab-
lishing systems to track knowledge re-use: ‘The reason I say

that is that if you apply that method to tracking, you may find

that nine out of ten items are not reusable. One is reusable, but

you spend effort in tracking all ten of them.’’
In summary, Knowledge Organisation was perhaps the

most prominent of these activities, being performed explic-
itly in both projects assessed in Company A. In Company
B, there was much variance in both the manner in which
KM activities were performed, as well as in the effort
assigned to them between projects. This suggests that par-
ticipants were at an earlier stage in understanding the KM
process for SE than participants in Company A. Overall,
results from both the interviews and the questionnaire
reveal that KM activities are being performed inconsis-
tently across both projects within each organisation, as well
as between organisations. The results indicate that while a
number of KM activities are being performed in software
development projects, a robust KM process that suits the
challenges presented by SE has yet to be standardised.

5.3. KM process models

In both companies, there was a medium level of KM
process awareness, with a number of KM systems made
owledge Management practices in ..., Inform. Softw. Technol.



A. Aurum et al. / Information and Software Technology xxx (2007) xxx–xxx 17

ARTICLE IN PRESS
available for participants to use. It can be argued that in
both companies software developers had a limited appre-
ciation for phases other than those concerning implemen-
tation. This may have limited their ability to
conceptualise some KM activities being performed
explicitly.

In Company A, project documentation was organised in
a standardised directory structure within archives and
repositories. The above two factors may have influenced
participants consider Knowledge Organisation to be per-
formed explicitly in each phase of the descriptive process
models for projects A1 and A2 as shown in Figs. 2 and
3. Although Knowledge Organisation seemingly makes a
smaller contribution to the KM process in project A2,
the Document phase is claimed to be performed iteratively
throughout each of the previous phases in its model. The
third participant from project A1 conferred a sense of
how the KM process was interwoven with the particular
software development lifecycle followed by projects in
Company A.

In Company B, the KM phases depicted in the high-
level models for both projects B1 and B2 are analogous
(see Figs. 4 and 5). While this information is to be expected
at an organisation that is ISO9000 certified, at the same
time the activities performed in each of the similar phases
differ between projects. This contradiction again underlines
the immaturity of KM in SE, as well as suggesting that
implement in a KM process perhaps imposes a consider-
able overhead on project management.

As in Company A, fewer KM activities are performed in
the latter phases of the high-level models presented. The
lack of iteration in the high-level models also contrasts with
the three models presented from literature. This lack of
iteration suggests that software developers have a limited
appreciation for phases involving testing and documenta-
tion. A by-product may be that this perception limits their
ability to conceptualise some KM activities being per-
formed explicitly in particular phases of the lifecycle fol-
lowed by their project. The third participant from project
B2 pointed out that the awareness of KM activities pro-
posed in this study being performed by project team
members.

While neither of the two organisations followed a stan-
dard process model for KM in SE, both were conscious of
the role of ISO9001 and CMMi (Capability Maturity
Model� Integration) compliance in terms of securing new
and existing customers. The high-level KM process models
(Figs. 2–5) allow the following useful observations:

• The developers have their own terminology, thus the
questionnaire had to be designed in a way that it cap-
tures this information while allowing us to identify the
common KM activities illustrated in Table 1.

• A generic KM process model for each software com-
pany cannot be produced, as the KM activities depend
upon the nature of the projects. Hence, individual KM
process models for each project had to be constructed.
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This result implies the high degree of dependency
between the KM process and its context that prevents
the use of a single model for each company.

5.4. KM enablers

This section discusses the enablers of KM process for SE
in terms of leadership, technology, culture, process and
measurement.

5.4.1. Leadership

As a major KM enabler, leadership practices influence
organisational strategy in terms of how the knowledge is
defined and knowledge assets are used and how KM is
linked to organisational management. In Company A, a
variety of roles were responsible for managing software
development knowledge produced from projects. The sec-
ond participant from project A1 cited the role of Quality
Champion as an individual, such as business analyst, pro-
ject manager or team leader, who is already performing
another role within the organisation. Although unsure of
whether a specific role for KM had been created, the third
participant from project A2 assumed that each project
team member was responsible for managing his or her
own knowledge. A culture of implicit rewards for knowl-
edge sharing was demonstrated in Company A, with the
first participant revealing that the quantity of contributions
was a key determinant in gaining recognition.

On the other hand, in Company B, the responses of par-
ticipants denote that leaders have a significant influence
upon the KM process applied for software development.
In spite of this, participants supported the link between
KM and improved business performance established by
their leaders. The second participant put it succinctly
‘‘You can pick up previous knowledge for new projects. More

knowledge you have would help you over your competitors.’’
While managers were active in promoting KM, many par-
ticipants believed it was ultimately their responsibility to
ensure the knowledge they gained from project work was
preserved and made accessible to others.

In both companies, although most participants could
not identify specific roles that were responsible for manag-
ing knowledge in their projects, project managers were con-
sidered to the most likely to be held accountable. Almost
no participant was able to specify a KM champion for
his/her organisation, either at project-level or on a larger
scale.

5.4.2. Technology

KM requires the introduction of certain criteria to
decide which knowledge is most critical for the organisa-
tion, and to govern the factors, conditions and technologies
that guide the activities of Knowledge Creation, integra-
tion and use [17]. Most participants sensed that technology
was important to the KM process, despite it not being con-
sidered as applicable. The first participant from project A2
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described technology as a system used to locate experts
within the organisation while as the second participant
from project A1 indicated that technology made sharing
tacit and implicit knowledge with others problematic.
The responses of participants demonstrate widespread cyn-
icism about the applicability of KMSs. The third partici-
pant from project A1 noted that these systems were
unwieldy and ineffective at delivering knowledge suitable
for resolving specific problems.

The first participant from project A1 affirmed a prefer-
ence for the Internet over KMSs maintained by Company
A ‘‘What you want is ‘How to do this,’ ‘How to do that.’

Those are very rare.’’ This preference may be driven by
the plethora of Internet search engines that deliver an enor-
mous amount of information to its users. This comment
conveys also the difficulty in creating a KMSs that delivers
content that is both general and specific, in a readily acces-
sible format. The third participant from project A2, while
satisfied with the use of technology to facilitate KM in
SE, acknowledged: ‘‘It’s limited in that you can’t just walk

over to them and ask them a question, obviously.’’
All participants at Company B expressed their disap-

pointment concerning the absence of specific KMSs in their
organisation. The responses of participants also high-
lighted the inaccessibility of project archives or reposito-
ries. Nonetheless, the second participant from project B1
described the importance of technology to the completion
of project work ‘‘And then, even things like our project,

where we are split geographically, it’s a backbone.’’ One
B1 participant further reinforced the central role technol-
ogy was required to play in software development projects.
One B2 participant acknowledged that KM systems would
be more advantageous than email in tracing knowledge
used in a software development project.

5.4.3. Culture

Cultural support for KM in software development con-
text can be described in terms of the encouraging of knowl-
edge sharing, promoting open climate for the free flow of
ideas, enhancing feedback from post mortems and so on.
Most participants regarded annual performance reviews
as ineffective measurement tools that had failed to institute
a beneficial dialogue for knowledge sharing between man-
ager and developers. The feedback delivered was consid-
ered to be too general, focusing on personality rather
than performance in specific projects. A preference was
exhibited for feedback to be delivered to software develop-
ers mostly during, or immediately after a project. A
detailed discussion on application of post mortems in soft-
ware companies can be found in [18,48].

The third participant from project A1 expressed concern
about the KM culture that management were attempting to
cultivate, in making contributions to KM systems manda-
tory ‘‘And, forcing them down throats and forcing people to

submit stuff to them is really the wrong way to go about it, I
think.’’ In contrast, some participants mentioned that
Company B had arranged information sessions, in which
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an employee possessing skills in a particular area would
give a presentation on a topic of interest to others in the
organisation. It is likely that these sessions were arranged
by management to facilitate KM, particularly through
enhancing communication channels among peers.

One of the participant in project B1 pursue an idea that
if KM activities are explicitly outlined in project plans, it
would lead an effective knowledge sharing. The point was
that KM should not be seen purely as an altruistic task that
a software developer works on in isolation from a project.
Software developers are constantly busy, and hence it
would make sense to develop something like an Experience
Factory to perform KM ‘‘on the go’’. There were currently
no explicit reward systems for an employee of Company B
who effectively managed his/her own knowledge, or the
knowledge of others. Nonetheless, the second participant
from project B1 asserted that implicit rewards were offered
by management ‘‘[So] if management realises that you have

been contributing a lot of knowledge to others, then quietly

they give you a bonus.’’ However, the third participant from
project B1 argued that financial rewards would not neces-
sarily lead to an increase in KM activities and make the
projects easier.

In providing a perspective on whether an association
between knowledge and power had been formalised, mixed
responses were recorded. The first participant from project
A2 believed the link between knowledge and power was
detrimental to quality, increasing risk as a by-product of
some individuals becoming irreplaceable, whereas the sec-
ond participant from project A2 stipulated how knowledge
brings power.

5.4.4. Measurement

Measurement practices include how organisation quan-
tifies its knowledge capital and resources. This research
also focused on the KM measurement as an enabler for
influencing the outcomes of the SE project as a result of
evaluating various aspects of the projects’ KM initiatives.
The responses of participants reveal that Company A has
invested limited resources in developing appropriate mea-
sures for evaluating the impact of KM in SE. Most partic-
ipants in project A also encountered difficulty when asked
to advance suitable measures for evaluating the knowledge
of individuals. In contrast, an A2 participant believed that
measurement for KM in SE was tied to annual perfor-
mance reviews, as well as the content of online CVs. All
participants at Company B encountered difficulty when
asked to examine the relationship between measurement
and KM. One B1 participant believed that measuring
knowledge was problematic; possibly because tacit knowl-
edge is not easily evaluated using traditional quantitative
measures. Another B1 participant argued that by updating
CVs on project completion, the organisation was able to
determine the current level of knowledge of each of its
employees.

Mixed responses were recorded when each participant at
Company B was asked whether his/her true value to the
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company could be measured based upon the amount of
knowledge s/he possessed. An occasional participant pro-
fessed that some additional qualities also contributed to
his/her true value. One B1 participant asserted that becom-
ing an expert can lead to numerous recommendations.

In summary, our findings showed that among the four
enablers studied in two companies, leadership emerged as
having the most significant impact upon KM in SE in
Company A and leadership, technology and culture were
the most important enabler for Company B for managing
knowledge (Fig. 6). Although participants acknowledge
the importance of KM systems, they reported that there
were no KM systems available for use software develop-
ers in Company B, whereas e-room, Intranet were among
the commonly used KM systems in Company A. There
were several measures (e.g., annual review or peer review)
used to evaluate the knowledge possessed by software
developers within the both organisations. However,
majority of the participants believe these metrics were
not appropriate to measure the knowledge and measure-
ment was regarded the least important enabler. In other
word, in both organisations measurement was rated low-
est in terms of both its importance and applicability to
the KM process for SE.

It can be argued that leadership was considered to be
most significant because top-down KM strategies were
seemingly being pursued by management. As Klint and
Verhoef [27] discuss, KM in SE must be addressed from
a bottom-up, operational perspective as well as a tradi-
tional top-down, managerial perspective. Since all partici-
pants were software developers, technology was
considered to be an obvious mechanism for KM, despite
current KM systems either being unsuitable or inaccessible.
In addition, the crucial role that personal networks played
in accessing tacit and implicit knowledge was seen as a key
reason to foster a culture that encourages participants to
share their knowledge with others. Although most partici-
pants were unable to name any specific measures that could
be applied for KM in SE, there was strong support for the
feedback delivered to software developers to be more regu-
lar and to include more effective measurement of tacit/
implicit knowledge.

6. Validity threats

Four different types of threats to validity have been
addresses in this study [53]. These are explained in the fol-
lowing sections.

6.1. Internal validity

Internal validity assesses the causal relationship between
treatment and outcome. While all participants in this study
were software developers, the diversity arising from educa-
tional backgrounds and industry experience was docu-
mented. The questionnaire used was developed with close
reference to existing models and literature relating to KM
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in SE, and was piloted multiple times. It was also adminis-
tered in interviews, with some lasting up to 90 min. Some
participants provided shorter responses as more time
elapsed. Many participants were conscious of the need to
assign less than 60 min to an interview, given project con-
straints. Other participants may have attained a greater
appreciation of the intended purpose of each section, hence
enhancing their responses.

6.2. External validity

External validity measures the ability to generalise the
findings of a study beyond the conditions that are particu-
lar to it. The participants selected may not adequately
reflect the diversity of opinion present in the population
examined. In this study, software developers were targeted,
given their role within SE and their appreciation for pro-
cess-orientation. Thus, it was felt that this sample would
convey a realistic perspective of the KM process applied
for SE in today’s Australian companies. Hence this
research cannot, and should not, be taken as representative
of the Australian software engineering industry as a whole.
This issue highlights the need for replication of this type of
study. Both sample size and timing also influence the exter-
nal validity of a study. The small sample size used may
indicate that any conclusions drawn from this study are
not generalisable outside the context of the IT services
industry in Australia. The nature of this study is predomi-
nantly exploratory; with an emphasis upon describing the
KM process used in SE practice in the period 2004–2005.
It is expected that future research will reveal more
advanced thinking about the KM process in industry,
hence altering the generalisations that can be made.

This threat is concerned with the ability to generalise the
findings beyond the actual study. In this study, selection
bias and sample size are considered to have influence on
the external validity. To avoid a selection bias, the partici-
pants of this study are selected according to their roles
within the software team and based on their experience.
However, the small sample size is a major threat to the
external validity of this study. It may have affected the con-
clusions we have drawn and hence this research cannot,
and should not, be taken as representative of the Austra-
lian software engineering industry as a whole. It highlights
the need for replication of this type of study. Finally, skills
and experience levels of team members and managers as
well as differences in team cohesiveness and synergy from
project to project are factors which have been ignored in
this study. These can potentially confound our analysis
and indeed present limitations to our study.

6.3. Construct validity

Construct validity is concerned with both the design of
a study, as well as any social threats that may be present.
This study was carefully designed, with the design being
piloted and a detailed analysis of constructs such as
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knowledge and KM undertaken. The three models under-
pinning the research were also explained, establishing a
connection with the objectives of this study. In addition,
multiple case studies were completed to present multiple
perspectives of KM in SE. The researcher conducted a
number of interviews in two separate organisations,
involving participants from different projects. Two social
threats relevant to this study are hypothesis guessing
and experimenter expectancies. With hypothesis guessing,
a ‘Hawthorne Effect’ may transpire, introducing bias into
the data collected. The researcher may also have particu-
lar expectations prior to commencing the study, either
consciously or unconsciously. As a result, the researcher
may interpret the data collected to satisfy these expected
outcomes.
6.4. Conclusion validity

Conclusion validity assesses factors that affect the ability
to draw correct conclusions about the relationship between
treatment and outcome. Both question wording as well as
the construction of a research instrument can influence
the conclusions drawn from a study. From the pilot study,
phrasing of questionnaire items was improved significantly.
The questionnaire was divided into three main sections,
with numerous subheadings outlining its logical structure
to assist participants. The reliability of treatment imple-
mentation is also a significant notion to consider. In this
study, care was taken to ensure that verbal questions asked
in interviews were asked consistently across all interviews
conducted. Other considerations are random irrelevancies
in experimental settings and random heterogeneity of sub-
jects. A standard environment was maintained for all inter-
views conducted, occurring in meeting rooms at the
premises of each organisation. All participants were soft-
ware developers, therefore limiting random heterogeneity
in the group.
7. Conclusion and future work

The management of knowledge is regarded as a main
source of competitive advantage for organisations [6,13].
To keep software companies competitive in the market,
developing effective ways of managing software knowledge
is of interest to software developers.

The objective this study was to explore the area of KM
in SE, from an Australian perspective. The intention was to
articulate current practices for KM in SE, as well as
describing and modelling the KM activities and KM pro-
cess used in SE practice. In addition, we examined enablers
of the KM Process in SE as leadership, technology, mea-
surement and culture, to establish an environment in which
the KM process for SE could be applied. This study used
the framework presented in Table 1 to investigate the
above research objectives. Three concluding comments
from our findings are the followings:
Please cite this article in press as: A. Aurum et al., Investigating Kn
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• The state-of-the-art practice for KM in SE was very
immature in the companies that were investigated. Reg-
ular project feedback and discussion were encouraged
while the ability to employ technology to search for
and locate knowledge sources is a reality. A ‘‘learn by
doing’’ approach emerged as the preferred way to create
and acquire knowledge; while a link between KM
improved business performance was made. We believe
that while organisations accept the importance of KM,
their attempts to address this issue are generally incon-
sistent and ad-hoc. We argue that in order to keep soft-
ware organisations competitive in software business,
especially in growing global software development envi-
ronment, organisations need to follow more systematic
approach managing their knowledge such as by focus-
sing equally on both codification and personalisation
strategies as suggested by several researchers [16,37].
Furthermore they need to take an approach that fits
their organisational culture as well as specific business
objectives and strategies.

• Software developers, in general, found it difficult to
explain what they do, how they do something, how
they solve particular problems using their knowledge.
We also wanted to assess their understanding/percep-
tion of KM, which in turn, would determine their
commitment to the practice of KM. It is argued that
SE practitioners have a rudimentary understanding of
activities in the KM process, hence complicating the
ability to generate a descriptive model of the KM pro-
cess used in SE. Overall, we conclude that while KM
was considered to be important by participants, the
tools, techniques and methodologies currently
employed for software development were inadequate
to address effective management of knowledge in these
organisations. In both organisations, a uniform model
of the KM process did not exist. However, partici-
pants were able to recognise KM activities being per-
formed in their projects.

• Overall, leadership and technology emerged as the most
significant enabler of the KM process for SE. For the
leadership enabler, many participants believed it was
ultimately their responsibility to ensure that the knowl-
edge gained from project was preserved and made acces-
sible to others. For the culture enabler, promoting
knowledge sharing within organisations was considered
crucial for software developers and the most useful feed-
back was seen the one provided during project rather
than after the project completion. In regards to the tech-
nology enabler, participants believed that technology is
useful in locating and transferring knowledge. Per-
sonal/informal networks, groupware and document
management systems (Table 1) were the most frequently
used enablers. As for the measurement enabler, it was
recognised as being important, however, most partici-
pants encountered difficulty when asked to describe
applicable measures that could be used to accurately
measure personal knowledge.
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• Finally, when we examine the relationship between KM
activities and KM systems presented in Table 1, the find-
ing showed that there was not always one-to-one map-
ping between KM activities and KM systems used in
those activities. In other words, some KM systems were
utilised in more than one KM activity. For instance per-
sonal networks could also be used not only during
Knowledge Identification, acquisition and creation but
also during knowledge transfer.

The need to deliver quality software has increasingly is
still a subject of concern in software business. The manage-
ment of knowledge and expertise has always provided the
basis for systematic software development and process
improvement. However, without a repeatable process for
managing this knowledge and expertise, it can easily be dis-
missed as intangible. Authors of this article believe that
KM provides a structured framework to assist software
developers articulate the rules that they apply, the actions
that they take and the social traditions of the domain that
they operate within; which in turn triggered this
investigation.

This study was designed to present an Australian per-
spective of KM in SE. We acknowledge that the find-
ings from this study may not reflect the practices of
organisations in Australian software industries, given
the limited number of case studies examined. However,
it provides a preliminary understanding for academia
and software industry, on the aspect of ‘supporting soft-
ware development processes’ from the KM perspective.
This study also highlights the need for more investiga-
tions into the KM process and state-of-the-art practice
for applying KM in SE, as means of identifying critical
areas of concerns for practitioners. Furthermore, this
study will benefit all stakeholders within the existing
SE organisations that plan to embark in this new tech-
nology and cultural environments for their KM in SE
processes.

It is hoped that a high-level descriptive process model
for KM in SE will provide a foundation for the develop-
ment of prescriptive process models for KM in SE.
Future work needs to examine the KM process for SE
in other industries and contexts, as well as the perspec-
tives of other roles associated with software development.
This research can also be extended to link KM more clo-
sely with software process improvement research. Further
research could be carried out to determine how KM
activities could be more closely integrated with software
process improvement approaches such as CMMi and
SPICE.

Finally, there is of course a great need for more studies
in the field to generate more individual studies that in turn
can be used in analysis of a series of case studies. In this
way, a body of knowledge can be built that increases both
academic and practitioners’ general understanding of the
impact of KM enablers in SE. Further studies are needed
to investigate this issue.
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Appendix A. Knowledge Management activities

(a) Knowledge Creation. The generation of new knowl-
edge in organisations.

(b) Knowledge Acquisition. Acquiring knowledge from
either internal or external sources, including the pro-
cess used to acquire this knowledge.

(c) Knowledge Identification. Determines what knowl-
edge is applicable to a particular situation, whether
knowledge items are reliable as well as finding and
locating knowledge sources.

(d) Knowledge Adaptation. The modification of knowl-
edge collected from previous experience and making
it applicable to a specific issue or problem faced.

(e) Knowledge Organisation. Ensures that knowledge is
stored and maintained for future reference by
others.

(f) Knowledge Distribution. Focuses on sharing knowl-
edge, either formally or informally.

(g) Knowledge Application. The use of knowledge for a
particular purpose.

Appendix B. Knowledge Management systems

(a) Communities of practice. Groups of people who share
a concern, a set of problems, or a passion about a
topic, and who deepen their knowledge and expertise
in this area by interacting on an ongoing basis.

(b) Personal networks. A dynamic collection of intercon-
nected heterogeneous personal devices, not only the
local devices centered around the person, but also
personal devices on remote locations such as devices
in the home network, the office network and the car
network.

(c) Organisational practices and routines. A set of dis-
persed knowledge in organisation that allow coordi-
nation and integration in volatile environments.

(d) Document management systems. Software that
manages documents for electronic publishing. A
document management system may support multi-
ple versions of a document and may be able to
combine text fragments written by different
authors.

(d) Expert systems. Also known as Knowledge-based
Expert Systems. These systems mimic the reasoning
of experts whose knowledge is assumed to be deep
in a narrow domain.
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(e) Training. A planned process to help modify the atti-
tude, knowledge or skill behavior of an individual
through a learning experience.

(f) Informal networks. The web of relationships that peo-
ple use to exchange resources and services. Informal
networks are distinct from formal networks in that
they are not officially recognised by organisations.
The content of their exchanges can be work-related,
personal, or social.

(g) Groupware. A software system that facilitates com-
munication and collaboration between and among
organisations.

(h) Business Process Management (BPM) Systems. A
software tool intended to increase process efficiency
by improving information flows between people as
they perform business tasks.

(i) New products and services technologies. These are spe-
cifically system that support product life cycle with
the aim of identifying the right time for new products
and services.

(j) New markets technologies. Specialized knowledge-
based system for identifying new markets both at
company and industry levels.
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