Agile versus waterfall methods: Differences in knowledge
networks and performance in software engineering teams.

Researcher:
A. Westendorp a.westendorp@student.utwente.nl
Student s1576380

Supervisors:
Dr. R. van Veelen r.vanveelen@utwente.nl

M. Wijga m.wijga@utwente.nl

External organisation and supervisor:
RDW, S. Postma spostma@rdw.nl

January, 2016 RDW /

UNIVERSITY OF TWENTE.

SRS


mailto:a.westendorp@student.utwente.nl

Foreword

I am pleased to present to you my master thesis: ‘Agile versus waterfall methods: differences
in knowledge networks and performance in software engineering teams’. This study has started at the
request of the ICT division of the RDW, the Dutch Vehicle Approval and Information organisation, to
indicate success factors of their cross-functional teams. Hopefully, this research contributes to the
improvement of their teams and will contribute to the field of Educational Science and HRD.

This master thesis is the result of five months of research. Months full of learning experiences,
full of energy and enthusiasm, and sometimes, full of difficulties. Especially in the first month, it was
difficult to find a topic that covered both the interests of the RDW and the requirements of the
University of Twente, while still being feasible. Performing a final project in an external environment
means combining academia with daily practice, which more often than not is a challenge. However,
considering that the organization RDW gave me a lot of freedom and confidence, as did my supervisor
at the University of Twente, Ruth van Veelen, | was able to overcome this challenge and combine both
processes. Many brainstorm sessions later, I found a topic that fulfilled both the RDW’s and the
University of Twente’s needs, as well as my own interests. As a result of this combination of practice
and science, | did not only optimize my academic skills as a researcher, | was also able to develop
myself as a young professional within the organization. I am therefore truly thankful for all the
learning opportunities | had at both the University of Twente and the RDW.

Therefore, | would like to take this opportunity to specifically thank a number of people. First
of all, I want to thank my supervisors in this project. Ruth van Veelen, thank you for your never
ending enthusiasm and friendliness, for preventing me to get lost, and for your ability to help
structuring and defining research. Your expertise and creativity have helped me more than once in
writing this thesis. It was truly a pleasure working with you. | also want to express thanks to Marijn
Wijga, for the feedback you have given me and the critical notes you made to my methodology. You
allowed me to further improve my thesis, thank you. | would also like to thank my supervisors within
the RDW: Saskia Postma and Harm de Mooij. Without your support and time | could not have realized
this thesis. You were always there when | needed to brainstorm about the focus of the study or when |
had questions. Moreover, you believed in me and even gave me an opportunity to develop myself
within the organisation. I look forward to remain working with you.

Second, | would like to thank all my colleagues at the RDW for their collegiality and support.
In particular, | would like to thank those of you who have directly helped me in my thesis by filling
out the questionnaire or participating in interviews. Without your contributions, | would not have had
anything to write about in the first place, so thank you for that.

Last, but not least, | want to thank my family, friends, and Lars for believing in me during my
master and final project. Thank you all, for being there when | needed you, for believing in my
capacities when | doubted them, and for listening to me even when you were not familiar with the
topics. An additional thank you is in place for all those of you who helped me forget my thesis outside
of ‘office hours’ through diners, coffees, or the occasional glass of wine. To all of you, your never
ending support meant the world to me.

Anouk Westendorp
Groningen, January 2016



Abstract

In modern society knowledge has become the most important resource for economic success,
especially in knowledge-intensive organisations like software engineering. To optimally use
knowledge in organisations, many software engineering organisations are organized in cross-
functional teams. However, successful realization of knowledge networks varies between cross-
functional teams. Nowadays, most software engineering teams use either an ‘agile’ or ‘waterfall’
method to collaborate in teams with high expertise diversity and product complexity. Differences in
their knowledge networks are not studied yet. The current research focused on the ICT division of the
Dutch organisation RDW and the quality of knowledge networks (i.e., transactive memory system and
knowledge sharing) among its software engineers. Specifically, the three research questions were: (1)
“Do knowledge networks, knowledge boundaries, dual identity (i.e., profession x team identification),
and team performance differ between employees who work agile versus waterfall?”, (2) “What is the
relationship pattern between knowledge boundaries, dual identity, knowledge networks, and team
performance?”, and (3) “Is there a difference in the relationship patterns between knowledge
boundaries, dual identity, knowledge network, and team performance, between employees who work
agile versus waterfall?”.

To investigate this, a single case study based on a cross-sectional, correlational research design
was employed. From the 146 RDW employees who work in software engineering cross-functional
teams, 81 employees participated in an online survey. Data was quantitatively analysed using T-tests
and structural equation modelling. As expected, agile teams had a stronger knowledge network
compared to waterfall teams. Moreover, knowledge boundaries related negatively to transactive
memory system, and transactive memory system in turn related positively to team satisfaction and
perceived team productivity. Thus, this research confirms the potential of agile methods in
establishing stronger knowledge networks in teams and the importance of low knowledge boundaries
in teams.

Keywords: Transactive memory system, knowledge sharing, dual identity, knowledge boundaries,
cross-functional software teams.
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Chapter 1: Introduction

1.1  Problem statement

Modern society is rapidly changing, due to economic, social and technological renewals. In
the past few decades, the Industrial Society has gradually been replaced by the Knowledge Society: A
global economy driven by knowledge and creativity, advanced by new digital technology and
globalization (Qureshi & Nair, 2015). As a consequence, an organisation’s available knowledge is
considered one of the most strategically important resources for economic success. To effectively
manage this resource, optimal knowledge sharing is crucial (Van den Hooff & de Leeuw van Weenen,
2004).

Knowledge sharing is especially essential in knowledge-intensive organisations that have to
keep up with technological renewals, such as software engineering organisations (Menolli, Cunha,
Reinehr, & Malucelli, 2015). One of those organisations is the context of this study, the Dutch Vehicle
Approval and Information organisation RDW. To deal with the flexible and innovation-based working
climate, software engineering organisations such as the RDW increasingly implement agile methods,
as opposed to the traditional waterfall method for projects. Agile development teams use short
development iterations and daily meetings, with an intention of encouraging knowledge sharing and
delivering successful products (Chau & Maurer, 2004). The waterfall method on the other hand, uses a
more sequential development process in which team members hand over finished parts of the product
for their colleagues to complete (see Figure 2). Since 2013 the RDW is in a transition towards agile
working. This creates a situation in which agile and waterfall projects operate side-by-side. This offers
the opportunity to investigate differences between these two methods in a software engineering
context.

Both agile and waterfall development teams need to complete complicated, non-routine
projects, which usually requires team members from different disciplines to use each other’s
knowledge and expertise. To develop a software product a team would, for example, need expertise
from an engineer, a tester, an architect, and an administrator. To integrate these different expertise
domains, the RDW and other organisations often use cross-functional teams. The expertise diversity
found in such cross-functional teams ideally offers multiple advantages for competitiveness, such as
higher team learning, inter-disciplinary knowledge sharing, and improved performance (e.g.: Ehrhardt,
Miller, Freeman, & Hom, 2014; Van Der Vegt & Bunderson, 2005). However, managing a group of
professionals from different disciplines to work together is a challenging task and many projects are
delayed or cancelled because of communication and coordination breakdowns (Hsu, Shih, Chiang, &
Liu, 2012).

In order to reduce breakdowns and to profit optimally from the large pool of knowledge in
cross-functional teams, it is important that strong knowledge networks are built between people. In
other words, not only should people actively contribute their expertise to the team by sharing
knowledge, they should also be aware of ‘who knows what’. The ability of group members to
coordinate this known expertise located in the team and to use each other’s knowledge to accomplish
collective goals is called a Transactive Memory System (TMS; Liao, Jimmieson, O’Brien, &
Restubog, 2012). A well-functioning TMS can help cross-functional teams to improve knowledge
sharing and to optimally use their expertise diversity. Nevertheless, TMS’s can still be impeded by
communication or coordination breakdowns. These breakdowns can be caused by knowledge
boundaries. Knowledge boundaries arise because of different knowledge backgrounds of the team
members, leading to different interpretations or miscommunication because of the use of jargon
(Kotlarsky, van den Hooff, & Houtman, 2015).

In contrast to knowledge boundaries, a factor of cross-functional teams that is expected to
improve the processes of TMS and knowledge sharing is that of a strong dual identity with both the
profession and the team. Professional identity motivates people to make an effort to demonstrate their
expertise, whereas team identity motivates people to make an effort in sharing knowledge because of a
shared common identity and attachment to the group (Liao, O'Brien, Jimmieson, & Restubog, 2015).
Together, it can be expected that this allows a team to utilize unique competences of the different



disciplines while simultaneously utilizing the strong dedication of members to the team in order to
achieve set goals.

1.2 Objective of the study

Three goals have been set for this study. The first goal of this study is to determine whether
differences exist in the strength of knowledge networks (i.e., TMS and knowledge sharing) and
performance between cross-functional teams that work agile and those who work with the traditional
waterfall project method at the RDW. The second goal is to investigate whether knowledge boundaries
and a dual identity (professional and team) have an influence on TMS and knowledge sharing
behaviours of software engineers in cross-functional teams. The third goal is to investigate whether
strong knowledge networks have a positive influence on team performance in the software teams.
Team performance is in this study measured based on team satisfaction and perceived team
productivity as assessed by team members. The final aim is to arrive at an advice that helps the RDW
in optimizing software engineering cross-functional teams, based on the study outcomes.

1.3 Context of the study

The context of this study is the RDW, the Dutch Vehicle Approval and Information
organisation. This is a public authority that originates in 1949 and has tasks in the licensing of
vehicles, registration, information provision, and issuing of documents. The RDW is a non-
departmental public body, funded by fees. It performs tasks on behalf of the Ministry of Infrastructure
and the Environment. The minister supervises how the RDW functions and is also responsible for
appointing the board of directors.

De RDW is organized in a board of directors with staff departments (e.g.: HR and
communication) and three divisions: Vehicle Technology, Registration and Information, and ICT.
This study focuses on the ICT division. The ICT division is focused on software engineering and
delivers ICT solutions to the RDW and partners. The RDW employs approximately 1400 people, from
which 240 work at the ICT division. Aside from internal employees, the ICT division also hires yearly
around 100 external employees. The amount of external employees depends on the size of the project
portfolio. The average age of RDW employees is 48.90 years, which is also representative for the ICT
division.

The ICT division can be divided in four different clusters; Advice & Architecture, Projects,
Continuity, and Management & Organisation. The cluster Advice and Architecture is responsible for
the arranging and guarding of the ICT-architecture and advices customers about ICT. The Cluster
Projects takes care of the execution of determined software engineering projects, both for external
customers and the internal organisation. Continuity takes responsibility for the administration of
projects and delivers service to customers (for example in the form of SLA’s, service level
agreements). The last cluster, Management & Organisation, has different responsibilities such as
finance, security, audit, control, and quality management. Within the ICT division the vision ‘The ICT
division is solid, innovative, and interesting to work for’ is leading. The mission statement is: ‘The
ICT division would like to fulfil the fundamental needs of modern ICT facilities for the RDW, in order
to support and renew RDW processes and services’.

The RDW is structured as a matrix organisation and uses cross-functional teams for the
majority of projects. This results in a situation in which individual employees have to report to
multiple managers. For instance, a software architect has to report both to the team leader of his
software architect team and to the team manager of the cross-functional project team he is currently
working in. Moreover, the diversity of types of teams leads to differences in leader-team structures.
Team A for example, is self-organising and uses agile and does therefore not have a direct manager.
This team does however have direct contact with the customer. Team B on the other hand, has a team
leader who manages the team and the team does not have direct contact with the customer. On
average, the cross-functional teams consist of ten team members. Employees do not work exclusively
in one team, some are asked to contribute their expertise in multiple (cross-functional) teams.

Since 2013 two new cross-functional teams were composed and started working with - facets
of - the agile way of working. In the year that followed, those two teams have learned to develop



software products in an agile manner and have determined the methods and rules that worked in their
environment. Within that same year, two other teams were started and also joined the agile transition.
This means that a situation has arisen in which both project methods, agile and waterfall, exist next to
each other and that a choice has to be made about whether agile becomes the standard or not. Until
now, no decisive choice has been made about the direction that will be taken in the coming years when
it comes to the method of future software projects.

1.4  Overview

In the following chapter, chapter 2, the theoretical framework of this study will be described.
In this theoretical framework, the variables of the study will be explained as well as their relations.
Chapter 3 will explain the method used in this study, including the instruments and procedure. The
results of this study will be presented in chapter 4, and will be discussed in chapter 5. This last chapter
will also include suggestions for future research and guidelines for HRD practitioners in software
engineering organisations.



Chapter 2: Conceptual framework

In this conceptual framework the variables of the research and their relations will be described. This
concerns the variables agile working, knowledge sharing, transactive memory system, dual identity,
knowledge boundaries, and team performance. The expected relations between the variables of the
present study are visualized in the following conceptual model (Figure 1):

Dual identity Knowledge network
= Knowledge sharing
o collecting
E donating
g Team performance
Transactive Memory +  Teamn satisfaction
System *  Perceived effectiveness
Knowledge boundaries *  Specialization
Syntactic boundary +  Credibility
Semantic boundary + Ceordination

Pragmatic boundary

Figure 1: Conceptual model of knowledge networks and team performance, influenced by dual identity
and knowledge boundaries

2.1  Agile software engineering

To develop software, engineers use several elements: design, development, testing,
acceptance, production, and maintenance. The way these elements are structured in the engineering
process depends on the project method. Traditionally, software engineers use the waterfall method,
which treats the elements as sequential parts of a process. This means that an engineer can only
proceed to the next step, if the previous one has been finished. This way of working can lead to
miscommunication due to indirect and long communication paths (Chau & Maurer, 2004). As a
consequence, the software system often does not meet the customer needs, or mistakes and changes
can only be detected relatively late in the process. Since 2001, a trend towards new software
development methods arose to address this problem: agile development (Larman, 2004). The agile
method consists of the same building blocks as the waterfall method, though implements each part of
the cycle in short iterations (Dingsgyr, Nerur, Balijepally, & Moe, 2012). The differences between the
agile and waterfall method can be seen in Figure 2.

Conboy (2009) exemplifies agile software development as a continued readiness to “rapidly or
inherently create change, proactively or reactively embrace change, and learn from change while
contributing to perceived customer value (economy, quality, and simplicity), through its collective
components and relationships with its environment” (p. 340). In other words, agile working aims to
add value to both customers and the process itself, while continuously learning and improving. Agile
is an umbrella term for several development methods, such as Extreme Programming (XP), SCRUM
and Kanban (Turk, France, & Rumpe, 2014). Each different form has its own rules and habits, yet all
share the ground principles of the agile body of thought. The principles of agile development are noted
down in the agile manifesto:

“Individuals and interactions Over processes and tools

Working software over comprehensive documentation
Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on the right, we value the items on the left more.” (Larman,
2004, p. 28)
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Figure 2: Waterfall versus agile working

By using short development iterations, agile processes divide the complete software system in
smaller products. This can be compared with baking a pie: One does not start with the crust, followed
by the filling and topping, but instead starts by making one slice, including crust, filling and topping.
At the end of every iteration (or ‘sprint’) each project team shows the customer what ‘slice’ of the
product the team has developed this time and demonstrates a working variant of this product. This
assures several benefits. First, the project team and customer can change the direction of development,
which also means that they can flexibly adapt to possible software bugs or changing technologies.
Second, changes or wishes of the customer can be implemented during the development process.
Lastly, all ICT experts of the team are involved during each phase of the project (Larman, 2004).
Research has shown that this iterative development method is correlated with lower risk, higher
productivity, and lower defect rates than in waterfall projects (MacCormack, Verganti, & lansiti,
2001).

The agile method does however also have disadvantages. First of all, the end user or customer
of the product has a big role within the process, which is not always desired by these end users
because it means a time investment. Second, the agile method documents far less than traditional
methods (Sharma, Sarkar, & Gupta, 2012). Even though this is an advantage at first, this also means
that it is harder for an external developer to join the team at a later stage, because not every detail has
been documented. The absence of documented knowledge has also an influence on the type of
knowledge present in the team, this becomes even more tacit. Lastly, the flexibility of the process can
be very frustrating for the developers or can lead to wastage of resources because of constant changing
requirements (Sharma et al., 2012). This frustration about the flexible process makes it challenging to
enthuse team members to adopt the agile method as opposed to their familiar waterfall method.

2.2 Knowledge sharing in cross-functional teams

Knowledge sharing comprises the exchange of (task) information and know-how to help
others and to collaborate, in order to solve problems or develop new ideas (Sheng Wang & Noe,
2010). Multiple authors (e.g.: Ardichvili, Page, & Wentling, 2003; Weggeman, 2000) stress that
knowledge sharing consists of two processes, namely a knowledge source and a knowledge receiver.
Van den Hooff and de Leeuw van Weenen (2004) define these two processes as knowledge donating
and knowledge collecting. Knowledge donating is about actively communicating one’s intellectual
capital, whereas knowledge collecting means consulting colleagues about what they know (Van den
Hooff & de Leeuw van Weenen, 2004).

To encourage knowledge sharing between different disciplines and different departments,
organisations often turn to the use of cross-functional teams (Ehrhardt et al., 2014) and consequently
increase functional diversity in teams (Van Knippenberg, De Dreu, & Homan, 2004). Cross-functional
teams (also: multidisciplinary or matrix teams) “comprise a group of people representing a variety of
departments, disciplines, or functions, whose combined effort is required to achieve the team’s



purpose” (Sijun Wang & He, 2008, p. 753). Such team diversity in function expertise can have both
positive and negative effects on group performance (Van Knippenberg et al., 2004). The collaboration
of different disciplines ideally offers multiple advantages for competitiveness, such as team creativity,
higher team learning, inter-discipline knowledge sharing, and improved performance (Ehrhardt et al.,
2014). The thinking behind why functional diversity leads to advantages is that diverse teams are more
likely to possess a broader range of knowledge, skills, opinions, and perspectives on the task at hand
that are distinct and non-redundant (Van Knippenberg et al., 2004). However, managing a group of
professionals from different disciplines to work together to achieve a common goal is a challenging
task and many projects are delayed or cancelled because of communication and coordination
breakdowns (Hsu et al., 2012). Possibly, the agile method gives opportunity to profit optimally from
expertise diversity and to prevent breakdowns in projects. Characteristics of agile working, such as
more frequent (face-to-face) contact, and a focus on change and learning can supposedly increase
knowledge sharing in the team (Chau & Maurer, 2004).

2.3 Transactive Memory System

In order to profit optimally from the large pool of knowledge diversity in cross-functional
teams, it is important that strong knowledge networks are built between its members. In other words,
not only should people actively contribute their expertise to the group, they should also be aware of
‘who knows what’. The ability of group members to coordinate this known and trusted expertise
located in the team is called a Transactive Memory System (TMS) (Liao et al., 2012). A TMS is
defined as a set of information in a group, possessed by several group members combined with a
shared awareness of who knows what within this group (Wegner, Giuliano, & Hertel, 1985). In a
team, a TMS is built on three pillars: Specialization, coordination, and credibility (Lewis, 2003).
Specialization refers to the level of differentiation of knowledge that team members possess.
Coordination refers to the efficiency of a team in processing knowledge while working together. To be
able to coordinate knowledge, members need not only to have specialized knowledge yet also
integrated knowledge: overlapping knowledge of members and awareness of this overlap present in
the team (Kotlarsky et al., 2015). Finally, credibility refers to the extent to which team members rely
on and trust other members’ knowledge (Lewis, 2003).

A well-functioning TMS enables team members to divide the cognitive labour regarding the
encoding, storing, and retrieving of knowledge from different expertise areas (Kotlarsky et al., 2015;
Zhang, Hempel, Han, & Tjosvold, 2007). That is, individual team members can develop deeper
expertise in specialty areas, while the labour for learning and remembering relevant team knowledge is
then divided among all team members and access to others’ task-relevant information is ensured
(Lewis, 2003). By doing so, the members of a team can create a knowledge system that is bigger and
more complicated than any of the individual participants’ own memory systems, which allows a team
to increase effectiveness (Zhang et al., 2007). Besides that, a TMS can facilitate task and knowledge
coordination, by enabling its group members to plan more sensibly and assign tasks to the people with
most expertise, because members know more about each other’s expertise (Liao et al., 2012;
Peltokorpi, 2008). Several studies (e.g.: Chen, Li, Clark, & Dietrich, 2013; Hsu et al., 2012; Ryan &
O’Connor, 2013) have demonstrated the specific applicability of TMS in IT teams to improve
performance, communication and knowledge sharing.

To arrive at a well-functioning TMS however, team members need to know where knowledge
is located, trust this knowledge and each have specialist knowledge to contribute. It is expected that
the different characteristics of agile and waterfall methods lead to differences in their ability to
establish well-functioning TMS’s. To start with, agile methods include more frequent moments of
contact and more intense collaboration, compared to waterfall methods. As a result, it is proposed that
team members can more easily learn who knows what when an agile method is used. For example, the
daily meet-ups that are part of agile methods provide visibility of one’s work to the rest of the team.
Through this, team members’ awareness of who has worked on or is knowledgeable about specific
subjects (Chau & Maurer, 2004). Moreover, frequent and meaningful contact helps build trust within
teams (Robert, Denis, & Hung, 2009), improving the credibility part of a TMS.
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2.4 Knowledge networks

In the present study, knowledge networks is used as an umbrella term covering TMS and
knowledge sharing. TMS can be seen, together with knowledge sharing, as the basis for knowledge
networks between team members in cross-functional teams. With its three pillars (specialization,
credibility, and coordination), the shared information pool and the knowledge of ‘who knows what’
within the team, TMS can be seen as the cognitive part of knowledge networks within teams. TMS
provides the cognitive paths of knowledge depth and credibility for such a network. The enactment of
knowledge networks is seen in knowledge sharing behaviours of team members. It is expected that
both the cognitive part and enactment of knowledge networks can be improved trough agile methods.
As mentioned before, several characteristics of the agile method, such as frequent contact, a focus on
learning, and intense collaboration, may improve knowledge networks in cross-functional teams.
However, since no prior research was found on differences in knowledge networks between agile and
waterfall workers, this part of the study is exploratory in nature.

2.5 Knowledge boundaries

Since cross-functional teams exist of team members with different knowledge backgrounds,
communication problems can arise because of so-called knowledge boundaries (Kotlarsky et al.,
2015). Knowledge boundaries are impediments in communication because of differences in
terminology, interpretation, or interests. According to Carlile (2002), at the boundaries between
different professional disciplines, three different forms of knowledge boundaries can emerge. The first
form is syntactic, which results from differences in jargon between individuals. The second is
semantic, which is related to different interpretations across different disciplines. The last form is
pragmatic, which is caused by differences in interests of the different team members. These
boundaries can disturb the processes of donating and collecting knowledge (Kotlarsky et al., 2015).
Knowing what kind of boundary is causing impediments to communication can help the organisation
in establishing communication patterns that resolve the problem at hand. For instance, when
communication problems are caused by differences in interests and values, than creating a common
language is not going to solve this, as tension related to incongruent goals will remain (Kotlarsky et
al., 2015).

To illustrate the different boundaries, imagine a cross-functional team with four members:
Tom, a software coder; Michael, also a software coder; Anne, a software tester; and Alex, a software
designer. When Tom would donate his knowledge about a new software coding technique to Anne
while using this code-specific jargon, Anne will not be able to collect the knowledge. Anne does not
understand all the words Tom uses and is therefore unable to understand the information transferred to
her, due to a syntactic boundary. In the case that Michael would want to donate knowledge about how
he wants to improve the efficiency of the software product to Anne, she might interpret the concept of
efficiency differently. Because of this difference in interpretation the information is not completely
and correctly transferred, due to a semantic boundary. Finally, when Anne would want to donate her
knowledge of increasing software security to Alex, he might not collect this knowledge because of a
pragmatic boundary simply because he has different interests. He wants to improve the usability and
this might be in conflict with the interests of a software tester.

It is expected that in software development teams with experts from different IT backgrounds,
knowledge networks will be impeded as a result of knowledge boundaries. Boundaries can make it
hard to retrieve knowledge from the TMS, especially when boundaries emerge between the various
disciplines in the team (Kotlarsky et al., 2015). Besides that, development of the aforementioned
integrated knowledge of a TMS can be hindered by knowledge boundaries. Since the integration of
specific knowledge domains is important to create a shared coordination (‘who knows what’) within a
TMS and because team members need to be able to access and understand the knowledge within TMS,
it is hypothesized that knowledge boundaries have a negative influence on TMS in cross-functional
teams. Likewise, it is hypothesized that knowledge boundaries complicate the sharing of knowledge in
the team. This means that software engineers who experience many boundaries, will have lower scores
on knowledge sharing and TMS.
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Hypothesis 1: Syntactic, semantic, and pragmatic knowledge boundaries between members of
a cross-functional team are negatively related to knowledge sharing and TMS.

2.6 Dualidentity

Members of cross-functional teams may have different ways of viewing themselves in relation
to their work (Van Dick, Wagner, Stellmacher, & Christ, 2004). If someone were to ask the team
members to describe themselves, person A might say ‘I am a software designer’, whereas person B
might describe himself as ‘a member of team X’. This process of describing oneself as part of a group
(either the team or the profession) is explained in the Social Identity Theory (SIT; Tajfel & Turner,
1979). According to this theory, and the closely related Self-Categorization Theory (Turner, Hogg,
Oakes, Reicher, & Wetherell, 1987), people form their social identity based on what they have in
common with the group and on what makes them different from other groups, through a process of
categorization (‘we’ versus ‘them’; Turner et al., 1987). For example, when employees feel like they
have similar goals and ideas compared to their team members and when they attach emotional
significance to the membership of a certain team, they identify with that team (Van Der Vegt &
Bunderson, 2005). Professional identification on the other hand is the degree to which people identify
themselves with the profession that they practice and its typical characteristics (Bartels, Peters, de
Jong, Pruyn, & van der Molen, 2010).

SIT originated in social psychology (Tajfel & Turner, 1979), though received attention in
organisational research when Ashforth and Mael (1989) first pointed out the potential value of this
theory in understanding organisational processes. Several researchers have devoted research in this
area (e.g.: Ashforth, Harrison, & Corley, 2008; Ellemers, De Gilder, & Haslam, 2004; Hogg & Terry,
2000) and some specifically in light of diversity in teams (e.g.: Hofhuis, van der Zee, & Otten, 2012;
Mitchell, Parker, & Giles, 2011; Wenzel, Mummendey, & Waldzus, 2007). As mentioned before,
cross-functional teams have the capacity to increase knowledge networks and team performance, yet
do not always successfully profit from this capacity. According to the existing literature (Hofhuis et
al., 2012; Wenzel et al., 2007), SIT and the process of social categorization can have both positive and
negative effects on group diversity. On the one hand, social categorization processes can lead to
intergroup biases (Hofhuis et al., 2012) which in turn can lead to negative group processes such as
silo-working. Silo-working is caused when the members from the same discipline are seen as ‘we’ and
the members from the cross-functional team are seen as ‘them’ (Liao et al., 2015). That is, the testers
of a team for example, only stick with other testers in the team and do not cooperate or share
knowledge with the other members with other specialties. On the other hand, identification with social
groups provides meaning for the self and makes individuals motivated to behave and think in a way
that is consistent with the way in-group members would typically behave and think (Liao et al., 2015).
Likewise, group members consider their group and its members more positively than other groups and
their members (Turner et al., 1987).

In an attempt to exploit positive identity effects and to discard negative identity effects in
diverse teams, Hofhuis et al. (2012) advice to create a situation in which people are able to create a
dual identity; a situation in which both the overarching identity and subgroup identity are
psychologically relevant at the same time. Translated to a matrix organisation, it is important that
engineers do not only feel connected to the group from cross-functional project team they are currently
working in, though also to the department (profession) they belong to (Ford & Randolph, 1992).
Therefore, in cross-functional teams, employees who are able to identify with their profession or
discipline, while simultaneously identifying with their team as an overarching group, are more likely
to be able to deal with problems associated with diversity. Both identification behaviours are
important for effectiveness of expertise diversity. It is therefore important for team members to
express a dual identity. An individual displays a dual identity when both components, team identity
and professional identity, are scored high (Hofhuis et al., 2012). In doing so, team members are not
only willing to give emphasis to their expertise, yet also to contribute to the team with their expertise
(Liao et al., 2015). The positive effects of both a team identity and a professional identity have already
been demonstrated by Liao et al. (2015), though not yet in an interaction in a dual identity. This dual
identity is expected to optimize the advantages of both identification behaviours, the team can now
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utilize unique competences of the different disciplines while simultaneously utilizing the strong
dedication of members to the team.

Furthermore, employees with a dual identity offer an additional advantage to agile teams. Within
agile teams, it is important that team members are able to become a so-called ‘T-shaped’ professional
(Boer, Wijnands, Bruns, & Bruggink, 2015). T-shaped means specialized in the own discipline
(vertical), yet also able to perform in other disciplines when necessary (horizontal; Barile, Franco,
Nota, & Saviano, 2012). This is specifically advantageous in agile methods, since this way of working
relies on intense cooperation and short development iterations (Larman, 2004). This requires team
members to assist colleagues in their task when time is short. Besides that, close collaboration can be
improved when team members are able to think about shared problems, even when this is not within
their own field of expertise. Being able to think or act outside of the own expertise, is the horizontal
stroke of being T-shaped. Potentially, software engineers with a strong dual identity are the T-shaped
software engineers within the organisation who commit both vertically and horizontally to the
organisation’s goals. Specifically, professional identity can be seen as the vertical stroke (motivation
to keep up with developments within the own discipline and keep specialized), whereas team identity
can be seen as the horizontal stroke (motivation to perform outside of the own discipline for the sake
of the team).

When an individual is successful in developing a dual identity, knowledge sharing behaviours
and TMS development can be expected to increase in cross-functional teams. First of all, identification
with the team can be expected to lead to better coordinated and organized group action, because the
shared sense of ‘we-ness’ can motivate group members to better address the information provided by
their group members (Liao et al., 2012). Second, employees might feel more comfortable sharing
knowledge with group members they feel attached to than with others, because in-group members are
evaluated as more trustworthy, honest, cooperative, and valuable to the group than outgroup members
(Kane, Argote, & Levine, 2005). Third, team members with a strong professional identity are
generally extra motivated to make an effort because good performance gives emphasis to their
expertise. This also stimulates professionals to perform optimally in cross-functional teams, since it
gives a podium to demonstrate the importance of one’s expertise (Molleman & Rink, 2015).
Moreover, when team members feel motivated to demonstrate one’s expertise their team members
might be more likely to trust this expertise, leading to more credibility within the TMS. Having a dual
identity is therefore expected to utilize the advantages of both identification behaviours together. This
means that is assumed that team members who display a dual identity, score higher on TMS and
knowledge sharing than team members who do not display a dual identity.

Hypothesis 2: A strong dual identity (profession x team) is positively related to knowledge
sharing and TMS of software engineers in cross-functional teams.

2.7  Team performance

When levels of dual identity are high and the levels of knowledge boundaries are low, it is
expected that knowledge networks will improve. Improvement of knowledge networks is important,
since knowledge is seen as one of the most strategically important resources for success (Van den
Hooff & de Leeuw van Weenen, 2004). Indeed, effective knowledge sharing is found to be associated
with higher organisational performance (e.g.: Argote & Ingram, 2000; Law & Ngai, 2008; Sher & Lee,
2004). Other studies, such as Faraj and Sproull (2000), found that better expertise coordination leads
to better team performance. When specifically investigating the influence of a well-established TMS,
Zhang et al. (2007) confirmed a positive relationship with team performance. In line with these results,
it is expected that knowledge networks are positively related to performance. This study focuses on
performance of the team, which is measured by perceived team effectiveness as indicated by team
members, and satisfaction of team members.

Hypothesis 3: Knowledge sharing and TMS in cross-functional software engineering teams is
positively related to team performance.
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2.8 Research questions

In the present study, the focus is on differences in the strength of knowledge networks (i.e., TMS and
knowledge sharing) and performance between cross-functional teams that work agile and those who
work with the traditional waterfall project method at the RDW. Additionally, the relation between
knowledge boundaries and a dual identity (professional x team), and TMS development and
knowledge sharing behaviours of software engineers in cross-functional teams is investigated.
Subsequently, the relation between knowledge networks and team performance examined. By doing
so, it is aimed to further extent findings about knowledge networks in cross-functional teams. A
complete overview of the research questions leading the study and the aforementioned hypotheses is

presented in Table 1.

Table 1

Research Questions and Hypotheses of the Present Study

Research question

Hypothesis

RQ1: Does a difference in the level
of perceived knowledge sharing,
TMS, knowledge boundaries, dual
identity, and team performance exist
between software engineers who
work in agile teams versus waterfall
teams?

RQ2: What is the influence of
knowledge boundaries and a dual
identity, on knowledge networks
(knowledge sharing and TMS), and
subsequently on perceived team
performance (productivity and
satisfaction) among software
engineers in cross-functional
software teams?

RQ3: Is there a difference in the
relationship pattern between
knowledge boundaries, dual identity,
knowledge networks, and team
performance, between software
engineers who work in an agile team
versus waterfall team?

Considering that not much is known yet about the influence
of agile methods, this question is more exploratory in
nature.

H1: Syntactic, semantic, and pragmatic knowledge
boundaries between members of a cross-functional team are
negatively related to knowledge sharing and TMS.

H2: A strong dual identity (profession x team) is positively
related to knowledge sharing and TMS of software
engineers in cross-functional teams.

H3: Knowledge sharing and TMS in cross-functional
software engineering teams is positively related to team
performance.

Considering that not much is known yet about the influence
of agile methods, this question is more exploratory in
nature.
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Chapter 3: Method

3.1  Research design

A cross-sectional case study was set up to analyse the differences between the agile and
waterfall methods on knowledge networks in the context of a Dutch software engineering
organisation. The study had a correlational design. This design was suitable for the current research,
especially because of the exploratory nature, since it made it possible to discover patterns between
variables. Besides that, the cross-sectional nature of the study allowed to describe the current state of
affairs. The variables and their expected relationships are depicted in Figure 1. Input variables were
use of the agile method (yes/no), dual identity, and knowledge boundaries, process variables were
knowledge sharing and TMS, and the output variables were team productivity and team satisfaction.

3.2 Participants

In total, 146 employees of the ICT division from the RDW, distributed over 22 teams, were
approached to fill out a questionnaire. In total 81 employees, distributed over 18 teams, completed the
survey. This resulted in a response rate of 55.50%, meaning that over half of the target population was
included in the sample. The majority of the participants was male (97%). The average age was M=
43.79 (SD= 9.45) ranging from 26 to 62 years. On average, participants had M= 10.54 (SD= 8.85)
years of work experience at the company, ranging from 1 to 34 years. The majority of the participants
was highly educated (either professional university (N=53) or academic university (N= 10)).
Vocational education was relatively underrepresented (N= 15). The distribution of age, education and
gender resembled approximately the same distribution as the working population at the ICT division
of the RDW. Each existing software engineering discipline as present at the ICT division of the RDW
was included in the sample, except for data architect. Software engineers (35%) and application
administrators (11%) were a majority in the sample, which is in line with the target population. From
the 18 teams included in the sample, four teams formally used an agile method (SCRUM). Yet in the
sample 54 participants indicated to work with the agile method and 27 participants indicated not to
work with the agile method. Thus, here there is an inconsistency between the target population,
consisting of only four out of the 22 teams participating in a pilot with agile working, and the sample.
Agile workers are a minority in the population, yet a majority in the sample.

3.3 Measures

Data was collected through an online survey with 86 questions. The questionnaire started with
guestions regarding gender, year of birth, educational degree, job category, and work experience.
These general questions were followed by questions about the team background, most importantly of
which whether and how long they work with the agile method. Subsequently, questions were asked
about the variables knowledge boundaries, team identification, professional identification, TMS,
knowledge sharing, team satisfaction, and team performance. The complete questionnaire as sent to
the employees can be found in Appendix A.

The content validity of items to measure each variable was explored with an exploratory factor
analysis using oblimin rotation. The goal was to investigate whether the factor structures as explained
in the theory could be confirmed in the current data. Direct oblimin was chosen as extraction method,
because particularly with psychological measures it is to be expected that the factors will correlate
(Field, 2009). Before each factor analysis, Kaiser-Meyer-Olkin’s measure of sampling adequacy was
assessed and had to be above .70 in order to proceed with factor analysis. Bartlett’s test of Sphericity
had to be significant (p <.001), indicating that the correlations between variables are overall
significantly different from zero (Field, 2009). Subsequently, the structure matrix of the performed
factor analysis was interpreted and items that cross-loaded on more than one factor were discarded. If
items were discarded, a subsequent factor analysis was performed in order to investigate the structure
matrix again. After the process of investigating items and performing factor analyses, items that
loaded together on one factor were assessed on reliability using Cronbach’s alpha. The different
measures will be explained in the following paragraphs and the scales as used in further analyses can
be found in Appendix B.
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Dual identity

Professional identity was measured with six items, rated on a Likert-scale (1; totally disagree
to 5; totally agree), which were adapted from Van Dick et al. (2004). An example question was “I like
working as a [name of profession]”. An exploratory factor analysis was performed using oblimin
rotation, to investigate whether an expected one-factor structure could be found in the data. Results
demonstrated that, contrary to initial expectations, two factors could be extracted from the six items,
both with an Eigenvalue > 1.00, explaining in total 71.03% of the variance. This second factor
consisted of two items and was unreliable (a= -.22). Both items were therefore discarded. In a second
factor analysis, the four other items still loaded on one factor, explaining in total 68.81% of the
variance. Reliability of the scale professional identity with four items was high, o= .84.

Team identity was also measured with six items, rated on a Likert-scale (1; totally disagree to
5; totally agree), which were adapted from Van Dick et al. (2004). An example question was “I like
working for my team”. An exploratory factor analysis was performed using oblimin rotation, to
investigate whether an expected one-factor structure could be found in the data. Results showed that
indeed one factor could be extracted from the six items, with an Eigenvalue > 4.00, explaining in total
70.80% of the variance. Reliability of the scale was good, a=.91. In light of consistency however,
since the scale professional identity consisted of four items, it was decided to proceed with the same
four items in the team identity scale. Reliability of the scale did not change after discarding these items
and proved to be high, o= .91.

Dual identity was measured with the product term of each employee’s score on team identity
and professional identity (e.g., participant #1°s mean score on team identity multiplied by his/her mean
score on professional identity; Hofhuis et al., 2012).

Knowledge boundaries

Knowledge boundaries were measured with ten items, rated on a Likert-scale (1; totally
disagree to 5; totally agree) and were adapted from Kotlarsky et al. (2015). Three items measured
syntactic knowledge boundaries (e.g., “when I communicate with my team members, I often have
problems understanding what is relevant and what is not”), four items semantic knowledge boundaries
(e.g., “my team members and I have a different understanding of our project goals”), and three items
pragmatic knowledge boundaries (e.g., “it is hard to come to a joint solution with my project team”).
A series of exploratory factor analysis was performed using oblimin rotation, to investigate whether
the initial three-factor structure could be found in the data. Results demonstrated that, as opposed to
the expected three-factor structure, a two-factor structure could be extracted from the ten items, with
Eigenvalues > 1.00, explaining in total 64.34% of the variance. Two cross-loading items were
discarded.

In this new two-factor structure the original items measuring semantic knowledge boundaries
were clustered in both the syntactic and pragmatic knowledge boundary factor. Indeed, inspection of
the content of these items confirmed their conceptual connection to either syntactic or pragmatic
knowledge boundaries. The semantic item ‘my team members and I have a different interpretation of
the meaning of things’ for example, could also be explained as an item measuring syntactic boundaries
(differences in understanding because of miscommunication). Therefore, as opposed to Carlile’s
(2004) theory of knowledge boundaries, this study focused on two kinds of boundaries, labelled:
interpretative knowledge boundaries (syntactic) and sentiment-related knowledge boundaries
(pragmatic). Reliability of both the interpretative boundaries (five items) and sentiment-related
boundaries (three items) scale was sufficient, respectively a= .89 and a=.79. Knowledge boundaries
as a whole (both interpretative and sentiment-related) had a reliability of «=.85.

Knowledge network

Knowledge sharing was measured with sixteen items, rated on a Likert-scale (1; totally
disagree to 5; totally agree) and were adapted from Van den Hooff and Huysman (2008). Eight items
measured knowledge sharing within the department/expertise domain (e.g., “When I need certain
knowledge, I ask my colleagues who are also [name of profession] about it”), and eight items
knowledge sharing within the cross-functional team (e.g., “When I need certain knowledge, I ask my
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team members about it”’). Aside from this distinction between team and department, Van den Hooff
and Huysman (2008) make another distinction between knowledge donating and knowledge
collecting. While an exploratory factor analysis using oblimin rotation confirmed a 4-factor structure,
the distinction between collecting and donating as described by Van den Hooff and Huysman (2008)
could not be found. Inspection of the structure matrix showed that two items belonging to knowledge
sharing within the team had to be discarded. To keep both scales consistent the same items from
knowledge sharing within the department were deleted. Since the distinction between departmental
and team knowledge sharing was found, we proceeded with the scales knowledge sharing department
(o= .86) and knowledge sharing team (a=.77).

Transactive Memory System was measured with fifteen items, rated on a Likert-scale (1;
totally disagree to 5; totally agree) and were adapted from Lewis (2003). Five items measured
specialization (e.g., “l know which team members have expertise in specific areas”), five items
coordination (e.g., “we accomplished the task smoothly and efficiently”), and five items credibility
(e.g., “I trusted that other members’ knowledge about the project was credible”). An exploratory factor
analysis was performed using oblimin rotation, to investigate whether the initial 3-factor structure
could be found in the data. Results indicated that not three, but five factors could be extracted from the
fifteen items, from which all had an Eigenvalue > 1.00, explaining in total 65.92% of the variance.
Closer inspection of the structure matrix and a series of factor analyses finally resulted in an item set
of seven items loading on two different factors; four items measured coordination and three items
measured credibility, see Appendix B. Both factors had an Eigenvalue > 1.00, explaining in total
61.35% of the variance. Reliability of the scale credibility was a= .84, and reliability of the scale
coordination was a=.77. The scale Transactive Memory System (both coordination and credibility)
had a reliability of a=.80.

Team performance

Team satisfaction was measured with seven items, rated on a ten-point-scale (1; my team
performs really badly on this item to 10; my team performs excellent on this item). Items were
retrieved from an organisation’s internal key performance indicator and included questions such as “I
like working for this team”. An exploratory factor analysis was performed using oblimin rotation, to
investigate whether an expected one-factor structure could be found in the data. Results confirmed the
existence of one factor in the data, with an Eigenvalue > 4.00, explaining in total 65.04% of the
variance. Reliability of the scale was good, a=.90.

Team productivity was determined with four questions, rated on a Likert-scale (1; totally
disagree to 5; totally agree) and were adapted from Smith and Barclay (1997). An example item was
“from a performance perspective, our team has been effective”. An exploratory factor analysis was
performed using oblimin rotation, to investigate whether an expected one-factor structure could be
found in the data. Results confirmed an one-factor structure, with an Eigenvalue > 2.00, explaining in
total 58.20% of the variance. Reliability of the scale was good, a=.75.

3.4  Procedure

After having received approval from the UT ethical committee to conduct this study, all team
managers were asked for their permission to approach team members. With approval from both the
UT ethical committee and the team managers, the survey was pilot tested. Eight employees
volunteered to pilot test and together filtered out several misspellings and items that were unclear,
which was used to finalize the questionnaire. Additionally, in the pilot test all questions were initially
mandatory, which meant that participants could not skip questions. It was noted however, that this felt
uncomfortable and that it made some participants hesitate about closing the questionnaire as a whole.
Moreover, remarks were made that the sum of age, education, team and profession could still be traced
back to individual employees and thus violated the feeling of anonymity, which is especially important
inan IT environment. As a result of these remarks, the choice was made to make the majority of
guestions voluntary, meaning that participants could skip questions if they felt the need to. This was
also made clear at the beginning of the questionnaire. Only the questions about team and profession
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were made mandatory, because these were input for subsequent questions. As a result of this choice,
the dataset did contain some missing data.

At the start of data collection, 146 employees were approached individually by email (in
Dutch) with a request to fill out a questionnaire. Questions as used in this questionnaire can be found
in Appendix A. Only employees who had a daily task in software development and who worked in a
cross-functional team have been approached. Employees were free in choosing when and how they
wanted to fill out the questionnaire, although they were asked to fulfil it within the two-week
timeframe. On average, participants needed 15 minutes to complete the questionnaire. There was no
reward for participating; participants were however invited to attend an informal mini seminar at the
end of the research period to be informed about the results and to have the possibility to discuss
results.

The questionnaire was made available to employees via a link to the online survey tool
Qualtrics. The link was active for two weeks and a reminder was sent via email after the first week.
After clicking this link, participants landed on an informed consent page. This page informed
participants about the goal of the study, time estimation of filling out the questionnaire, and
guaranteed complete anonymity. It was also explained that participants could not retrieve individual
results or answers, because of the anonymous manner of data collection. After accepting the informed
consent form by clicking “T agree” after the statement “T have read the abovementioned information
and I have no further questions”, participants could access the questionnaire. Answering “I do not
agree” lead to abortion of the survey. At the end of the survey, participants were given the opportunity
to place comments about the questionnaire or the research. On that same page, contact info about the
researcher was provided, so that participants were able to contact in case of questions.

3.5 Data analysis

In order to answer the research questions, several steps were taken to explore and analyse the
data. First descriptive statistics and correlations were calculated and investigated. Second, an
independent sample t-test was used to test the differential effects of the agile method relative to
waterfall on knowledge networks. Third, structural equation modelling (SEM) was used to test the
model depicted in Figure 1, using the graphical interface of AMOS. SEM was performed to obtain
maximum likelihood estimates and a chi-square measure to assess the model’s goodness of fit. To
obtain an acceptable fit, the model had to meet the following criteria: The x2-measure should be non-
significant and its value divided by the degrees of freedom should be less than 3, RMSEA< .06, and
TLI and CFI above .95 (Hu & Bentler, 1999). Fourth, a chi-square difference test for group differences
was performed to investigate differences in relationship patterns between employees who use the agile
method and employees who still use the waterfall method.

All data was analysed on the individual level. Nevertheless, it should be noted that the
individual participants of the study were nested within teams. Being part of the same team can create a
statistical dependency that violates the assumption of independence of observations (Baldwin, Murray,
& Shadish, 2005). However, the context of the study made it hard to analyse data on group level. First
of all, team members within teams differed a lot from each other, including in their experience with
the agile method or their duration of team membership. Second, the boundaries of teams were fuzzy
since several employees had multiple group memberships. This means that individuals were partly
involved in more than one cross-functional team at the same time. Third, the small amount of teams
created a power issue. Considering that the present study included 6 variables, at least 60 teams would
have been needed to achieve sufficient power (ratio 1 to 10; Tanaka, 1987). Consequently, and in line
with Kotlarsky et al. (2015) and Jarvenpaa and Majchrzak (2008), all variables were conceptualized
and analysed at the individual level. Besides this, the current research made no use of appraisals from
team leaders or customers. Again, this choice was made because the teams differed too much in their
team structure and team compositions were fuzzy. Combined with the analysis on individual level, it
seemed most logical to measure team performance by asking the team members themselves how they
perceived this in their team.
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Chapter 4: Results

The purpose of this study was to analyse the influence of the agile working method and
knowledge networks in the context of a Dutch software engineering organisation. Input variables were
‘agile/waterfall processes’, dual identity, and knowledge boundaries. Process variables were
knowledge sharing and TMS. Finally, the output variables were team productivity and team
satisfaction. The following section starts with preliminary analyses and subsequently describes the
results of the research questions using inferential statistics.

4.1  Descriptive statistics and preliminary analysis

This study investigated two groups, based on their working method (either agile or waterfall).
Table 2 shows an overview of the means and standard deviations for each continuous variable.
Overall, results in Table 2 show relatively high mean scores (above the midpoint of the scale) on most
variables. This indicates for example that software engineers involved in this study feel strongly
connected to their team, that they share a lot of knowledge and that they are highly satisfied with their
team. ldentification with both the profession and team are around 4.00, which is quite high. Dual
identity is also relatively high, indicating that software engineers at the RDW score high on both
identities. The variables measuring knowledge boundaries showed relatively low scores (below the
midpoint (3.00) of the scale), indicating that employees within the ICT division of the RDW do not
experience many knowledge boundaries. Interestingly, the level of sentiment-related boundaries is
higher than the level of interpretative boundaries (Msentiment-related =2.26, Minterpretative =2.06, t (80) = -2.72,
p=.008). In other words, miscommunication within teams at the RDW arose more often because of
differences in goals and interests of the different team members than because of misunderstanding of
what the other has said.

Table 2

Summary of means, standard deviations, and range of all continuous variables in the model (N= 81)
M SD Range

1 Age 43.79 9.45 26 — 62 years

2 Work experience at company 10.54 8.85 1 — 34 years

3 Dual identity 16.57 4.40 4-25

3.1 Professional identity 3.92 .64 2-5

3.2 Team identity 4.21 .69 1-5

4 Knowledge boundaries 2.14 53 1-4

4.1 Interpretative boundary 2.06 .63 1-4

4.2 Sentiment-related boundary 2.26 .60 1-4

5.1 Knowledge sharing department  3.68 61 2-5

5.2 Knowledge sharing Team 4.12 .39 3-5

6 TMS 4.04 48 3-5

6.1 TMS credibility 4.33 49 3-5

6.2 TMS coordination 3.82 .61 1-5

7 Team satisfaction 7.74 1.17 3-10

8 Team productivity 3.97 51 3-5
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Table 3

Pearson Correlations for all measures. Above the Diagonal the Correlations for Employees who work agile (N= 54) are presented, below the Diagonal
Correlations for Employees who work Waterfall (N= 27) are presented

1 2 3 4 41 42 5 5.1 5.2 6.1 6.2 7 7.1 7.2 8 9

1 Age .04 .58** .04 -04 .10 -13 -08 -16 -04 -20 .18 .26 .10 27 19

2 Educational level .35 -02 -10 .08 -26 .14 A1 A3 22 -23  -13 .04 -2  -22 -22

3 Work experience at company  .70** 42* -10 -17 .02 -01 .01 -03 -04 -27 12 A2 10 .05 .20

4 Dual identity -38 .00 -21 87 * 73** -25 -19 -25 29 28 .26 .20 .25 .61** .20
4.1 Professional identity -17  -01 -09 .73** 30 -03 -02 -04 .37** .05 -01 -05 .02 31 01
4.2 Team identity -41* .01 -24  .89** 35 -.38** -27* -38** .07 AB** AQF* A4F* AQF* 7QF*F 38**
5 Knowledge boundaries .02 -10 -09 -27 -13 -31 91**  70** 21 -25  -.63** -.60** -B1** -53** - 47**
5.1 Interpretative boundaries .03 -05 -04 -42* -18 -47* .93** 33* 16 =19 -54%* - 46%* -.48*%* -37F* -37F*
5.2 Sentiment-related boundaries -.01 -16 -16 .14 .03 12 J3*F* A4* 22 -23  -49%* -BB8** -33* -58** -44**
6.1 Knowledge sharing 33 .08 .20 -06 .09 -13 .34 .29 31 .20 -13  -06 -15 .08 -.05
department

6.2 Knowledge sharing Team -01 .04 .04 19 .23 A3 .20 A7 19 63** 31 25 29 31 27
7TMS -29 .01 .05 .38 14 A43*  -51** -48* -36  51** -27 81** 92*%* 53** 50**
7.1 TMS credibility -59** -06 -12 .26 A5 .30 -32 -28 -27 -15 .16 61** bH1**  B3**  3g**
7.2 TMS coordination -05 .04 A2 .33 .09 .38 -46* -45% -30 -54** -42* 91** 123 A2%* AT**
8 Team satisfaction -33 .12 -08 .74** .38 J8** -38 -43* -13 -16 .06 64**  49**  G3** 56**
9 Team productivity -17 .06 19 b53** 32 53*F* -42*  -43* -23  -45% -20  79*%* A9** 71**  68**

Note: ** Correlation is significant at the .01 level (two-tailed); * Correlation is significant at the .05 level (two-tailed)
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Results of Table 3 showed that several interesting differences between agile and waterfall
engineers can be found in the relationship between variables. The correlation between age and
credibility (from TMS) for instance, seemed strongly negative in the waterfall sample (r=-.59), while
positive in the agile sample (r=.26). This difference can however also be attributed to differences in
sample sizes. Therefore, Fisher’s z transformation for comparing correlation coefficients was used.
Outcomes showed that this difference is significant (z= 3.81, p<.001). Differences also exist in the
relation between TMS and team productivity between both samples (ragie= .50, fwatertan= .79, 2= -2.11,
p=.017) and in the relation between sentiment-related knowledge boundaries and team satisfaction
between both samples (Fagile=.-.58, rwatertan=-.13, z= -2.15, p=.016). In sum, the results from the
preliminary analyses strengthened the expectation that differences exist between agile and waterfall
workers and encouraged to continue with the parametric tests.

4.2 Parametric tests

The purpose of this study was to analyse the influence of the agile working method and
knowledge networks in the context of a Dutch software engineering organisation. Therefore, T-tests
and structural equation modelling were used. However, to use these kinds of parametric tests, the
dependent variable should be at interval level and should be normally distributed. Since the dependent
variables team satisfaction and team performance were measured with respectively a Likert-scale and
a ten-point scale, the interval level condition was met. Inspection of the histogram showed that the
distribution of team satisfaction was bell-shaped and skewed to the left, with a kurtosis value of 2.63.
The Kolmogorov-Smirnov test scored significant: p= .03, confirming non-normality. With regard to
team productivity, inspection of the histogram showed that the distribution was bell-shaped, with a
kurtosis value of -.25. The Kolmogorov-Smirnov test scored significant: p <.001, confirming non-
normality. Since the sample size is larger than 40 however, the Central Limit Theory allowed us to
continue with the tests (Field, 2009).

4.2.1 Research question 1: agile versus waterfall working

To test whether differences between both working methods were significant an independent
samples t-test was conducted. Levene’s test concerning equal variances was non-significant for all
variables, except for the variable team satisfaction. Homogeneity is therefore not assumed for team
satisfaction. As can be seen in Table 4, the t-test showed significant differences between employees
who work agile and those who work waterfall on sentiment-related knowledge boundaries, knowledge
sharing, TMS, and team satisfaction. In line with hypothesis 1, the results showed that software
engineers who worked in agile teams shared significantly more knowledge and had a stronger TMS in
their team than software engineers who worked in traditional waterfall teams. Moreover, those who
worked agile indicated less sentiment-related knowledge boundaries compared to those who worked in
the waterfall method, and experienced more team satisfaction.
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Table 4
An Overview of Means and Standard Deviations for each Model Variable per Project Method and
Significant Differences

Agile Waterfall
Variable M (SD) M (SD) df T p-value
1. Dual Identity 16.84 (4.15) 16.02 (4.93) 77 .78 441
2. Knowledge Boundaries 2.05 (.46) 2.31(.61) 79 -2.10 .039
2.1 Interpretative Boundary 2.00 (.56) 2.19 (74) 79 -1.28 .204
2.2 Sentiment-related Boundary 2.14 (.55) 2.51 (.65) 79 -2.65 .010
3. Knowledge Sharing Team 4.23 (.34) 3.92 (.40) 79 3.57 .001
4. Knowledge Sharing Department  3.62 (.65) 3.80 (.51) 76 -1.25 216
5. TMS 4.14 (.43) 3.84 (.51) 79 2.74 .008
5.1 TMS Credibility 4.41 (.46) 4.16 (.50) 79 2.26 027
5.2 TMS Coordination 3.93 (.51) 3.60 (.73) 79 2.34 .022
6. Team Satisfaction 8.01 (.85) 7.21 (1.49) 34.87 2.58 014
7. Team Productivity 4.03 (.48) 3.84 (.54) 78 1.57 J21

Note: M= mean; SD= standard deviation; df= Degrees of freedom

4.2.2 Research question 2: Relationship pattern between knowledge boundaries, dual

identity, knowledge network, and team performance

To test whether or not the expected relationship pattern existed between knowledge
boundaries, dual identity, knowledge networks, and team performance, structural equation modelling
was performed with use of AMOS. The expected relations as depicted in the hypothesized model
(Figure 1) were estimated in Model 1. The hypothesized model did not obtain good fit, y2=51.08, p=
<.001, df= 8, RMSEA= .26, TLI= .13, CFI=.75. Results on the parameter estimates indicated that
several paths were non-significant, including dual identity to knowledge sharing, dual identity to TMS,
and knowledge sharing to both team satisfaction and team productivity.

One by one, non-significant paths were deleted, provided that the model stayed theoretically
meaningful. This resulted in a path model (Model 2, see Figure 3) that did not include the variables
dual identity and knowledge sharing. The remaining variables still had the same paths as hypothesized
before. This model obtained good fit, y2= 3.31, p= .508, df= 4, RMSEA= .00, TLI=1.02, CFI=1.00.
Results on the parameter estimates showed that all paths were significant (p <.05).

R*=.38

Team satisfaction

0;
Interpretative boundary

_apE*
1 R:=.37 B1#*
R=.40

Transactive memory system

R=.38

Sentiment-based boundary 3%

__33**

R*=.39

Team productivity |

Figure 3: Path model of Model 2 with standardized maximum likelihood estimates and squared
multiple correlations. Note: ** Estimate is statistically significant at the .01 level (two-tailed)

In line with hypothesis 2, the model proves that sentiment-related boundaries (5= -.33, t= -
3.36, p<.001) and interpretative boundaries (5= -.40, t= -4.12, p<.001) are negatively related to TMS.
Due to the non-significant paths that were omitted, the expected relation between dual identity and
knowledge network from hypothesis 3 could not be confirmed. Confirming hypothesis 4, the model
gives statistical evidence that TMS is positively related to team satisfaction (5= .61, t= 6.91, p<.001)
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and team productivity (5= .63, t= 7.14, p<.001). Although the arrows suggest a direction of the
influence, the model does not depict causal relations.

To validate the mediating effect of TMS in this model, an additional mediation test in AMOS
was performed. In line with Baron and Kenny (1986), relations were measured directly with and
without TMS as a mediator. In Table 5 it can already be seen that direct lines without mediator (TMS)
differ from the direct lines with mediator, suggesting a mediating effect of TMS.

Table 5

An Overview of Direct and Indirect Relations between Model Variables and Significance of the
Mediation through the Sobel Test

Relationship Direct without  Direct with  Sobel test
mediator mediator

Interpretative boundary — TMS — Team satisfaction -.30** -11 -3.81**

Interpretative boundary — TMS — Team productivity -.30** -.09 -3.92**

Sentiment-based boundary — TMS — Team satisfaction  -.29** -12 -3.63**

Sentiment-based boundary — TMS — Team productivity -.27* -.08 -3.76**

Note: ** Correlation is significant at the .01 level (two-tailed); * Correlation is significant at the .05
level (two-tailed)

To test whether a mediation effect is significant, it is common to use a bootstrapping technique
(Preacher & Hayes, 2008). However, because the dataset included missing data this was not possible
and therefore the Sobel test was used (Baron & Kenny, 1986). The Sobel test is used to test whether
the reduction in the effect of the independent variable (interpretative/sentiment-based boundary), after
including the mediator in the model (TMS), is a significant reduction and thus whether the mediation
effect is statistically significant (Preacher & Hayes, 2008). Results from Table 5 confirmed that in all
relationships of the model, TMS had a significant mediating effect. In other words, TMS explains the
influence of knowledge boundaries on team productivity.

4.2.3 Research question 3: Differences in relationship patterns between agile and waterfall

teams.

To test whether or not differences exist in relationship patterns between agile and waterfall
working software engineers, a multiple group comparison was made. In this comparison, the chi-
square difference test for group differences was used. Results showed that no differences exist
between the model for agile workers versus waterfall workers (AX? (4) = 4.48, p=.345). Inspection of
the individual paths confirmed that no differences between both groups could be found on the path
level either (Table 6). Likely, this is attributable to a lack of power in the model. In this multiple group
comparison twice as many paths were used, whereas the sample size remained small. As a result, the
ratio did no longer fulfil the 1 to 10 requirement (Tanaka, 1987) and consequently the test had low
statistical power.

Table 6
Standardized Path Coefficients and Chi-Square Differences of paths for agile and Waterfall
Path agile Waterfall Chi-Square
Difference’
Interpretative boundary -> TMS -.43 (p<.001) -.40 (p=.031) 0.09 (p=.764)
Sentiment-related boundary -> TMS  -.35 (p=.002) -.18 (p=.34) 0.59 (p=.442)
TMS -> Team satisfaction .53 (p<.001) .64 (p<.001) 2.68 (p=.102)
TMS -> Team productivity .50 (p<.001) .79 (p<.001) 2.02 (p=.155)

! The chi-square difference is calculated by the difference in model fit when comparing a model with the
concerning parameter constrained to be equal versus a model in which parameters are allowed to differ
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Chapter 5: Discussion

The purpose of this study was to analyse the influence of the agile working method and
knowledge networks in the context of a Dutch software engineering organisation. Insights in the
effects of agile working and knowledge networks can be a valuable contribution, especially since good
knowledge networks are imperative for software engineering teams to succeed. Below, results of this
study are summarized and discussed.

5.1  Conclusions

The first purpose of the current study was to investigate potential differences in knowledge
networks between agile software engineers and waterfall engineers. The knowledge base on agile
working in relation to knowledge networks is rather small (Dyba & Dingsayr, 2008), therefore this
section of the study was exploratory in nature. Results showed that software engineers who work with
agile methods share more knowledge than software engineers who work with waterfall methods.
Moreover, agile engineers had better coordination of knowledge and relied more on the credibility of
other team members’ knowledge than waterfall engineers. This implies that changing towards agile
working likely leads to better knowledge networks among engineers, supposedly through the higher
amount of face-to-face contact, decreased knowledge boundaries, and shared responsibility that
accompany agile methods.

Besides differences in knowledge networks, outcomes also indicated that agile workers
experience less knowledge boundaries caused by team members who have different values and
interests. These outcomes therefore implied that agile methods lead to better established relations,
since differences in values and interests (sentiment-related knowledge boundaries) within the team
seemed to be lower. With regard to the extent to which employees identify with both the team and the
profession (dual identity), no differences could be found between team members of agile teams versus
waterfall teams. With regard to team satisfaction, differences were found: members of agile teams
indicated to be more satisfied with their team than members of waterfall teams. Research question 1
can therefore be answered with the following: employees who work agile have better knowledge
networks, less sentiment-related knowledge boundaries and are more satisfied with their team
compared to those who work waterfall. It can thus be assumed that more frequent contact, shared
responsibility, and the focus on change and learning of agile working causes a better established TMS,
more knowledge sharing, less sentiment-related knowledge boundaries, and more team satisfaction.

Even though results showed differences between agile and waterfall engineers, these
differences were not found in the relationship patterns. This means that although individual variables
differed per project method, their relations seemed to stay stable regardless of the choice between agile
or waterfall methods. Nevertheless, it was mentioned before that the statistical power in this test was
low because of the doubled paths. It is possible that paths turned out non-significant when in a larger
sample they would have turned out significant. Specifically, the paths from TMS to team satisfaction
and team productivity are interesting to further investigate in a larger sample. For now, research
question 3 can be answered negatively.

The second purpose of this study was to investigate whether knowledge boundaries and a dual
identity (professional x team) were related to TMS development and knowledge sharing. As expected
in hypothesis 2, results showed that higher levels of knowledge boundaries, through either
miscommunication, or differences in values and interests, were accompanied by lower levels of
coordination of knowledge and reliance on other members’ knowledge within teams. To develop a
well-established TMS, not only communication quantity is important, communication quality is
equally important (Liao et al., 2015). Meaningful interactions are required for shared knowledge in
TMS to emerge, though this communication quality is negatively influenced by knowledge boundaries
(Kotlarsky et al., 2015). This means that the existence of knowledge boundaries limits the ability of
team members to create a well-established TMS.

Although expected in hypothesis 3, results did not confirm the relation between a dual identity
(professional x team) and knowledge networks. Even though Liao et al. (2015) found that both
professional and team identification contributed positively to TMS, their combination in the form of a
dual identity proved not to explain sufficiently enough variance in TMS in the SEM model tested in
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this study. Perhaps the combined influence of professional and team identity in the form of a dual
identity is not necessary, since the individual influence of either one of the identities can already affect
TMS. Liao et al. (2015) found for example, that lower levels of team identity could be compensated by
higher levels of professional identity in increasing TMS.

The third goal of this study was to determine whether strong knowledge networks are
positively related to team performance. As expected in hypothesis 4, results showed a positive relation
between the coordination and credibility of knowledge in the team, and the extent to which employees
indicated to be satisfied. Additionally, in line with Zhang et al. (2007), this positive relation was also
found between TMS and the extent to which team members perceived their team as productive.
Moreover, it was confirmed that TMS explained how knowledge boundaries influenced team
performance. That is, an impediment in communication negatively affected the extent to which team
members were aware of what their colleagues knew and the extent to which they trusted that
knowledge. As a result of that, team performance is negatively influenced and team members are less
satisfied with their team. All in all, with regard to research question 2, it can be concluded that
knowledge boundaries are negatively related to TMS and that in turn TMS is positively related to team
performance.

Research question 2 did initially also include the variable knowledge sharing. In the SEM
model tested in the current study, knowledge sharing was omitted from the model, because it did not
explain sufficiently enough variance in team performance, relative to the other variables. Moreover,
contrary to our expectations, no direct relation was found between knowledge boundaries and
knowledge sharing. Intuitively, one would expect a strong relation between knowledge boundaries and
knowledge sharing. Indeed, Carlile (2004) explains in his framework how knowledge boundaries
would impede knowledge sharing. The current study however, did not find this relation. In
retrospective, it can be argued that knowledge boundaries do not directly affect knowledge sharing
behaviours, though have an effect on the knowledge sharing outcomes. Imagine for instance that
person A shares knowledge with person B, yet person B understands incorrectly because of an
interpretative knowledge boundary. In this case, when measuring knowledge sharing behaviours, one
would find that this has been successful, whereas one would find that it has been unsuccessful when
measuring the outcomes of knowledge sharing. In other words, the knowledge in this case has been
shared, yet not transferred. Since the present study focused on knowledge sharing behaviours rather
than knowledge transfer, this might explain the absence of a relation between knowledge boundaries
and knowledge sharing. As opposed to knowledge sharing, a relation between knowledge boundaries
and TMS was indeed found. Perhaps this can be explained because TMS focuses on the quality of
knowledge that is being shared. After all, when the quality of knowledge shared between people is
low, this affects the credibility of that knowledge and this thus negatively affects TMS. It is therefore
quite possible that the quality of sharing is more sensitive to knowledge boundaries than the quantity
of sharing.

5.2 Additional insights

Apart from the main findings, the present study also provided insights that give additional
insight in knowledge networks in cross-functional teams. First, the current study also included the
variable knowledge sharing within the department, since this was relevant for the RDW. During the
time of the research several stakeholders at the RDW had expressed the concern that it feels as if the
agile method had a negative influence on knowledge sharing within the department. It was perceived
that employees were so involved in the agile team that they did not find the time and motivation to
actively communicate with colleagues from the same profession anymore. This could have negative
effects for inter-team knowledge sharing and the level of professional knowledge of the organisation.
Yet the current study showed no such tendency. No differences were found between agile and
waterfall, in relation to knowledge sharing within the department (Table 4). This implies that the agile
method does improve knowledge sharing in the team, yet it does not come at the cost of a decrease in
the motivation to share knowledge with the own department compared to teams who work waterfall.
Future research could focus on the effects of agile working (or cross-functional teams in general) on
inter-team knowledge sharing and the extent to which professionals stay up-to-date in their expertise.
Moreover, it would be interesting if future research would investigate the knowledge sharing between
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software engineering teams and their end users/customers. Especially in agile working this connection
between the team and end user is critical and the amount of (successful) knowledge sharing in this
process can be relevant.

Furthermore, in hypothesis 3, it was proposed that a dual identity would be related to
knowledge sharing. Assumingly, a dual identity makes team members motivated to demonstrate to
their expertise (professional identity; Molleman & Rink, 2015), while simultaneously feeling
comfortable sharing knowledge with other team members (team identity; Kane et al., 2005). Although
the relation between dual identity and knowledge sharing was not found within the tested model, a
small correlation (R= .26, p=.022) was present. In line with the double motivation instigated by a dual
identity (both motivation to demonstrate expertise and to share knowledge with trusted group
members), it can be expected that a dual identity not only influences knowledge sharing in the team,
but both knowledge sharing in the team and knowledge sharing in the department. Just as a dual
identity means that an individual scores high on both identification behaviours, it could be possible
that an individual scores high on both knowledge sharing behaviours: dual knowledge sharing.
Likewise, when more than one identity can be relevant and acted upon at the same time (Hofhuis et al.,
2012), more than one group can be relevant and acted upon for knowledge sharing. Indeed, data
showed that employees who score high on a dual identity (professional x team) are more likely to
score high on both knowledge sharing behaviours (departmental x team; R= .26, p=.021). Although
both correlations are low, they can be seen as possible relations that need further research.

5.3  Limitations of the present study and recommendations for future research

This thesis has given valuable insights in the concept of TMS and its relation with knowledge
boundaries and team performance, and in the effects of agile methods in the context of software
engineers in cross-functional teams. However, limitations need to be noted as well. First of all, results
from this study were context-specific since it only comprised a small sample from one company (i.e.,
case study). Hence, one should be cautious with generalizability of results (Dooley, 2001), especially
with the exploratory results about the effects of agile working. It is therefore recommended that future
research about the effects of agile working includes more than one organisation, preferably from
several industries. If results preserve across other organisations, more solid conclusions about the
effects of agile working can be made. This is illustrated by the results about TMS that confirmed the
findings from other studies, in other organisations. That is, the relationship between knowledge
boundaries and TMS, and between TMS and team performance as found in the present study, added to
the already existing knowledge base (e.g.: Kotlarsky et al., 2015; Zhang et al., 2007). This means that
this study contributed to the field of organisational sciences by confirming that the expected
relationships holds in a Dutch software engineering context.

Second, the research design was cross-sectional in nature and thus limits the ability to infer
results about causality (Boudah, 2010). It is possible that relations as depicted are not from A to B,
rather from B to A. For example, the results showed that a relation existed between TMS and team
satisfaction. Whether TMS influences team satisfaction or whether team satisfaction influences TMS
cannot be inferred from the data of this study. To deal with this limitation in further research, it is
recommended to set up a longitudinal design (Boudah, 2010). This means that more data is collected,
from several moments in time. When data from several measurement moments are at hand, analyses
can show whether TMS or team satisfaction occurred previously compared to the other and inferences
can made about which one assumedly influenced the other.

Third, in the present study, only self-reported data was used. This means that the data may
have suffered from common-method variability. Common-method variability emerges when
overlapping variability is due to data collected via one singe method. This may have also a systematic
biased effect on the correlation between constructs (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003).
As a result, correlations as found in the present study may also be attributed to the use of the same
method, rather than to an actual relation. To prevent common method bias in future research, it is
recommended to utilize additional measurement methods, such as observations. When more than one
measurement method is used, method triangulation is achieved. When found correlations between
constructs preserve between the data of different methods, it is less plausible that the overlapping
variability occurred through common method bias (Thurmond, 2001).

26



Fourth, the questionnaire items were constructed on the individual level, whereas these
individuals were nested within groups. As mentioned before, this makes it difficult to meet the
assumption of independency of observations (Baldwin et al., 2005). In the current study however, the
loss of power when aggregating to the group level disallowed this. Furthermore, the teams within the
organisation were fuzzy and multiple employees were part of more than one team. For future research,
it is therefore recommended to overcome this nested data problem by including more teams in the
research and to subsequently aggregate the data on team level. In doing so, it is essential that the teams
are chosen in such a manner that team members mainly work dedicated in the concerning teams and
therefore are not spread over multiple teams. When data is analysed on the team level the observations
are more independent from each other which results a lower risk of type I errors (Baldwin et al., 2005).

Fifth, the sample does not fully reflect the target population with regard to agile
characteristics. Agile workers are a minority in the entire organisation, yet a majority in the sample.
Perhaps this difference can be explained by the fact that some employees view themselves as agile
working whereas the company does not. Another explanation might be that employees who work in
teams that use an agile method were more inclined to participate in a study than employees who still
work traditionally. This is a common side effect caused by the sampling procedure of the present
study: convenience sampling (Boudah, 2010). As a result of this limitation, results about the
differences between agile and waterfall workers should be interpreted with caution. Higher scores on
team satisfaction and knowledge networks among agile workers can for instance also be caused by the
fact that those teams that wanted to start working with the new, agile method generally consist of more
eager, enthusiastic employees. Future research could address this limitation by aiming to use a
sampling strategy that is less sensitive to response biases than convenience sampling. Furthermore, in
further research, the group of participants could be split based on the organisation’s standards of
working agile or waterfall. In this situation it would perhaps be better to leave those teams out that are
in a transition and neither work fully agile nor fully waterfall.

Since the present study involved participants who worked in multiple teams, the posed
solution could not be implemented. It was assumed that those who indicated to work agile would
indeed in one or more teams practice some facets of agile working and that this would be sufficient for
gaining insights in the effects of agile working. To verify to some extent that this was true, member
checking was used. This means that some of the participants were presented with the results and were
asked if they recognized these effects (Boudah, 2010). The same was done with a few stakeholders at
the RDW. The main effects of agile working as found in the present study (more coordination and
credibility of knowledge, higher team satisfaction) were verified during this process of member
checking. We can therefore vigilantly conclude that in the present study the overrepresentation of agile
workers did not provide wrong results, though the recommendation of altering this conceptualization
in future research remains.

5.4 Practical implications

The present study gave the RDW the opportunity to gain insights in the effects of their
transition toward agile working and to receive an advice about optimizing their cross-functional
software engineering teams. Outcomes of this study confirm that the transition towards agile working
has been a sensible choice. The results provide practitioners related with the agile transition with
information about teams working with agile methods, specifically about higher team satisfaction and
higher knowledge networks. This gives the practitioners a chance to use these results to enthuse other
teams and managers about the possibilities of the agile method. Presenting team members with the
success story of higher team satisfaction in agile teams might help take away the mistrust towards the
agile way of working.

The implementation of the agile method presents opportunities for the effectiveness of teams,
through improving coordination and credibility of expertise across the team (TMS). Specifically,
results imply that for the RDW to optimize collaboration in their cross-functional software engineering
teams, it is important to create a common language in teams and a shared goal, especially in order to
increase the level of TMS. The present study confirmed findings of a negative relation between
knowledge boundaries and TMS of Kotlarsky et al. (2015). Since knowledge boundaries can be either
interpretative or sentiment-related in nature, there is no unequivocal solution. Preferably, to reduce
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knowledge boundaries, a two-way solution is implemented. On the one hand it is important to create a
common language within the team, so that jargon barriers disappear and interpretative boundaries can
be lessened (Kotlarsky et al., 2015). On the other hand a shared goal needs to be instigated in the team,
in order that team members work to fulfil the shared group goal rather than individual goals, which
ultimately leads to less communication breakdowns because of sentiment-related knowledge
boundaries (Kellogg, Orlikowski, & Yates, 2006).

Furthermore, results of the present study implied that working with agile methods does not
decrease knowledge sharing with the own department or with colleagues within the same profession.
Functional knowledge sharing is therefore not obstructed by the higher amount of knowledge sharing
within the team that agile working instigates. The RDW can use this to take away existing concerns
within the organisation. Furthermore, it was mentioned that this study could give insights in the extent
to which employees of the RDW display a dual identity and therefore may display commitment to
both the team and the department. The mean score on dual identity proved to be relatively high (see
Table 2), which implied that several employees scored high on both identities. Indeed, when a
frequency table is run and 16.00 is taken as a cut-off point, 43% scores high on dual identity.
Moreover, 10% of all participants has 25.00 (the maximum) as mean score. In other words, among the
participants, several employees can be seen as motivated to perform well in both ‘teams’: the cross-
functional project team and the departmental team from the own discipline. As a result, the potential of
the aforementioned ‘T-shaped’ professional is relatively high within the RDW. It is therefore advised
to create or maintain an open learning climate within teams. That is, team members feel like they have
room and opportunity to learn with and from each other. After this climate has been realized, team
members can learn from each other and in doing so, can become T-shaped. For the organisation, this
results in more flexible teams in which more members possess certain knowledge. As a consequence,
the team is less sensitive to breakdowns in the process that are caused by absence of a certain expert.
Especially the easier parts of the work can be done by T-shaped colleagues while the challenging tasks
can be done by the expert, improving the team’s flexibility.

5.4  General conclusion

This study contributed to the existing literature about knowledge sharing in cross-functional
teams by combining different literatures and theories on TMS, knowledge sharing, dual identity, and
knowledge boundaries. More specifically, this study further built on existing studies, such as the study
of Kotlarsky et al. (2015), concerning TMS and knowledge boundaries, and the study of Liao et al.
(2012), concerning identification with multiple groups and TMS. Additionally, dual identity had been
researched before (e.g.: Hofhuis et al., 2012) in the context of cultural diversity, however not in the
context of team identity versus professional identity in a matrix organisation. Moreover, little was
known about the effects of agile working on knowledge networks (Dyba & Dingsgyr, 2008).

In the current study, the need for a well-functioning TMS became clear through its relation
with higher levels of team performance. By helping team members in understanding each other, and
thus lowering knowledge boundaries, practitioners can contribute to a better TMS and consequently to
better team results. This means that not only the productivity of the team is higher, but also that the
members of the team are more satisfied. This is not only true for practitioners within the RDW, but
also to other practitioners in the field of professional development and team learning in HRD that look
for ways to improve coordination and credibility in teams as well as higher satisfaction.

Therefore, not only has the present study been beneficial in helping the RDW to acquire
insights in the own organisations and in finding starting points for optimizing cross-functional teams,
it also gave valuable insights and recommendations for future research. Specifically, further research is
necessary to confirm or reject the absence of a relation between dual identity and knowledge networks.
Preferably, such research would include the individual variables professional identity and team
identity to investigate whether their individual effects on knowledge networks are higher than their
combined effect. This may provide further insight into the valuable relationship between cognitive
processes that accompany knowledge sharing and the coordination, credibility and specialization of
knowledge within teams. Besides this, the present work demonstrated positive effects of agile methods
and TMS on performance of software engineering teams that can be used in both and practice and
future research.
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Appendices

Appendix A — Survey questions
General questions

Wat is je geslacht
+  Answer: Man / Vrouw

In welk jaar ben je geboren?
+ Answer: Open question

Wat is je hoogst afgeronde opleiding?
+ Answer: MBO / HBO / WO / PhD

Wat is de naam van deze opleiding?
+  Answer: Open question

In welk jaar ben je bij de RDW in dienst gekomen?
+  Answer: Open guestion

Onder welke cluster ben je ondergebracht bij de RDW?

+  Answer: Continuiteit / Projecten / Advies & Architectuur /
Bedrijfsvoering & Ondersteuning

Welk van de volgende functies beschrijft jouw werkzaamheden het best?

+  Answer: Dropdown menu
» Dropdown items: dependent on HR information

Ben je als interne of externe medewerker werkzaam bij het ICT bedrijf?
+ Answer: Intern / Extern

In hoeveel verschillende teams ben je op dit moment werkzaam?
+  Answer: Open question

In welk van de volgende teams werk je het meest mee?

+  Answer: Dropdown menu
» Dropdown items: teams that participate in study (18 teams)

Questions regarding the team

Hoe lang ben je al werkzaam in dit team?

+  Answer: Korter dan een half jaar / korter dan een jaar / tussen één en
twee jaar / tussen twee en drie jaar / langer dan drie jaar

Hoeveel uur per week besteed je ongeveer aan werkzaamheden voor dit team?

+  Answer: 1 — 10 uur per week / 11 — 20 uur per week / 21 — 30 uur per
week / 31 — 40 uur per week

Wat is wat is op dit moment jouw functie in dit team?
+ Answer: Open question

Hoe lang bestaat het team al?

+ Answer: Korter dan een half jaar / korter dan een jaar / tussen één en
twee jaar / tussen twee en drie jaar / langer dan drie jaar

Op welke manier hebben jullie als team voornamelijk contact?
Meerdere antwoorden mogelijk. .

+  Answer: Open question
+  Answer: face-to-face/ via e-mail / telefonisch / anders, namelijk. ..

Hoe vaak is er een contactmoment met het team?

+  Answer: Elke dag / 2-3 week / 1 keer per week / 1 keer per twee
weken / 1 keer per drie weken / 1 keer per maand of minder

Zit je bij je team op een kamer?
+  Answer: Ja/ Nee / Soms
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Werk je met het [name of the team] team momenteel volgens een Agile werkwijze, bijvoorbeeld
SCRUM of KANBAN?
+ Answer: Ja/ Nee
> If yes: Hoe lang werken jullie nu op een Agile werkwijze?
+ Answer: Open question

Heb jij zelf, buiten je team, persoonlijk ervaring met Agile?
+ Answer: Ja/ Nee
> If yes: Hoe lang heb je al persoonlijk ervaring met Agile?
+ Answer: Open question

Op een schaal van 1 tot 5, wat is je mening over de Agile manier van werken?
+ Answer: 1, zeer negatief - 5, zeer positief

Transactive Memory System, adapted from Lewis (2003)

“Kies bij de volgende stellingen het antwoord (1, helemaal niet mee eens — 5, helemaal mee eens) dat
het best bij jou past; er zijn geen goede of foute antwoorden:”

Items regarding Specialisation:

leder teamlid heeft gespecialiseerde kennis over een bepaald aspect van ons project

Ik heb kennis over een aspect van het project dat geen ander teamlid heeft

Verschillende teamleden zijn verantwoordelijk voor verschillende expertisegebieden binnen dit
team

De gespecialiseerde kennis van verschillende teamleden is nodig om de eindproducten van het
project op te kunnen leveren

Ik weet welke teamleden expertise hebben in een bepaald gebied

Items regarding Credibility:

Ik heb er geen moeite mee om procedurele suggesties van andere teamleden aan te nemen

Ik vertrouw erop dat de projectkennis van de andere teamleden geloofwaardig is

Ik durf te vertrouwen op de informatie die de andere teamleden inbrengen

Wanneer collega's informatie geven, wil ik dit voor mijzelf dubbel checken (reversed)

Ik heb niet zoveel vertrouwen in de expertise van de andere teamleden (reversed)

Items regarding Coordination:

Mijn team werkt samen op een goed gecodrdineerde manier

In mijn team zijn er weinig misverstanden over wat er gedaan moet worden

Mijn team moet vaak gemaakte plannen afbreken en opnieuw beginnen (reversed)

Mijn team bereikt projectdoelen zonder problemen en op efficiénte wijze

Er is in mijn team veel verwarring over hoe we de taken zullen volbrengen (reversed)

Knowledge Boundaries, adapted from Kotlarsky, van den Hooff, and Houtman (2015)
Items regarding syntactic boundaries

Wanneer ik met mijn teamleden communiceer, vind ik het vaak moeilijk om relevante informatie te
krijgen, omdat we verschillende termen gebruiken

Wanneer ik met mijn teamleden communiceer, heb ik vaak problemen om te begrijpen wat relevant
is en wat niet

Wanneer ik documenten lees die mijn teamleden hebben geschreven, vind ik het vaak lastig te
begrijpen, omdat ze een ander jargon gebruiken
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Items regarding semantic boundaries

Mijn teamleden en ik hebben verschillende opvattingen over onze projectdoelen

Mijn teamleden en ik hebben verschillende interpretaties van wat dingen betekenen

Soms denk ik in eerste instantie dat ik mijn teamleden begrijp, maar dit blijkt achteraf dan niet te
kloppen

Ik heb een verschillende perceptie over oplossingen voor een probleem dan mijn teamleden

Items regarding pragmatic boundaries

Het is moeilijk om tot een gezamenlijke oplossing te komen met mijn team

Wanneer iemand een mogelijke oplossing presenteert die vereist dat sommige teamleden hun
mening veranderen, dan vinden deze teamleden dat lastig

Wanneer we niet tot een overeenstemming komen, zijn mijn teamleden meestal niet bereid hun
standpunt te veranderen

Knowledge sharing, adapted from Van den Hooff and Huysman (2008)
Items regarding knowledge donating

Als ik iets nieuws geleerd heb, vertel ik het aan mijn teamleden

Ik deel informatie die ik heb met mijn teamleden

Ik vind het belangrijk dat mijn teamleden op de hoogte zijn van wat ik doe

Ik vertel mijn teamleden regelmatig waar ik mee bezig ben

Items regarding knowledge collecting

Als ik bepaalde kennis nodig heb, dan vraag ik mijn teamleden ernaar

Ik vind het fijn om op de hoogte gehouden te worden van wat mijn teamgenoten doen

Ik vraag mijn teamgenoten naar hun kennis en vaardigheden als ik iets nieuws moet leren

Wanneer een teamgenoot ergens goed in is, dan vraag ik hem/haar om mij te leren hoe ik dat moet
doen

Dual identification, adapted from Van Dick, Wagner, Stellmacher, & Christ, 2004
Items regarding team identification

Ik identificeer mij met het [name of the team] team

Het [name of the team] team past goed bij mij

Ik vind het leuk om te werken voor het [name of the team] team

Ik ben trots op het [name of the team] team

Soms zou ik liever niet lid zijn van het [name of the team] team (reversed)

Ik ben actief betrokken in het [name of the team] team

Items regarding professional identification

Ik identificeer mijzelf als een [name of the profession]

Het past goed bij mij om een [name of the profession] te zijn

Ik vind het leuk om te werken als een [name of the profession]

Ik ben trots op mijn functie als [name of the profession]

Soms zou ik liever een andere functie hebben dan een [name of the profession] (reversed)

Ik ben actief betrokken in het vakgebied van [name of the profession]
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Team performance

Items regarding team satisfaction
“Kies bij de volgende stellingen het rapportcijfer (1-10) dat jij het [name of the team] team op dat
gebied zou willen geven”

De impact- Het werk dat wij doen brengt ons dichterbij de doelen en eindproducten van ons team

De richting — Ik weet welke doelen en eindproducten dit team moet opleveren

Persoonlijk enthousiasme — Ik vind het leuk om bij dit team te werken

Persoonlijke ontwikkeling — Ik krijg regelmatig coaching of feedback en vind dat nuttig

Sfeer in het team — Binnen ons team heerst een sfeer van vertrouwen en openheid

Samenwerking — We werken goed samen en komen samen tot betere oplossingen

Werkdruk — Ik ervaar een goede werkdruk binnen het team die ik voor een langere periode kan
vasthouden

Items regarding perceived task performance, adapted from Smith and Barclay (1997)
“Kies bij de volgende stellingen het antwoord (1, helemaal niet mee eens — 5, helemaal mee eens) dat
het best bij jou past; er zijn geen goede of foute antwoorden:”

Het werk dat mijn team levert is van een hoge kwaliteit

De klanten waar wij als team mee hebben gewerkt zijn over het algemeen tevreden met ons werk

In vergelijking met andere teams doet mijn team het erg goed

Op het gebied van prestaties is mijn team erg effectief
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Appendix B — Retained items after factor analysis
Knowledge Boundaries
Items regarding interpretative boundaries

Wanneer ik met mijn teamleden communiceer, vind ik het vaak moeilijk om relevante informatie
te krijgen, omdat we verschillende termen gebruiken

Wanneer ik met mijn teamleden communiceer, heb ik vaak problemen om te begrijpen wat
relevant is en wat niet

Wanneer ik documenten lees die mijn teamleden hebben geschreven, vind ik het vaak lastig te
begrijpen, omdat ze een ander jargon gebruiken

Mijn teamleden en ik hebben verschillende interpretaties van wat dingen betekenen

Soms denk ik in eerste instantie dat ik mijn teamleden begrijp, maar dit blijkt achteraf dan niet te
kloppen

Items regarding sentiment-related boundaries

Mijn teamleden en ik hebben verschillende opvattingen over onze projectdoelen

Wanneer iemand een mogelijke oplossing presenteert die vereist dat sommige teamleden hun
mening veranderen, dan vinden deze teamleden dat lastig

Wanneer we niet tot een overeenstemming komen, zijn mijn teamleden meestal niet bereid hun
standpunt te veranderen

Dual identification
Items regarding team identification

Ik identificeer mij met mijn team

Mijn team past goed bij mij

Ik vind het leuk om te werken voor mijn team

Ik denk met tegenzin aan mijn team

Soms zou ik liever niet lid zijn van mijn team

Items regarding professional identification

Ik identificeer mijzelf als een [functie]

Het past goed bij mij om een [functie] te zijn

Ik vind het leuk om te werken als een [functie]

Ik denk met tegenzin aan mijn functie als [functie]

Soms zou ik liever een andere functie hebben dan een [functie]

Knowledge network
Transactive Memory System
Items regarding Credibility:

Ik heb er geen moeite mee om procedurele suggesties van andere teamleden aan te nemen

Ik vertrouw erop dat de projectkennis van de andere teamleden geloofwaardig is

Ik vertrouw op de informatie die de andere teamleden inbrengen

Ik heb niet zoveel vertrouwen in de expertise van de andere teamleden

Items regarding Coordination:

Mijn team werkt samen op een goed gecodrdineerde manier

Mijn team moet vaak van de planning afwijken en/of opnieuw beginnen

Mijn team bereikt projectdoelen zonder problemen en op efficiénte wijze
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Er is in mijn team veel verwarring over hoe we de taken zullen volbrengen

Knowledge sharing
Items regarding knowledge sharing in the team:

Ik deel informatie die ik heb met mijn teamleden

Ik vind het belangrijk dat mijn teamleden op de hoogte zijn van wat ik doe

Ik vertel mijn teamleden regelmatig waar ik mee bezig ben

Als ik bepaalde kennis nodig heb, dan vraag ik mijn teamleden ernaar

Ik vind het fijn om op de hoogte gehouden te worden van wat mijn teamgenoten doen

Wanneer een teamgenoot ergens goed in is, dan vraag ik hem/haar om mij te leren hoe ik dat moet
doen

Items regarding knowledge sharing in the department:

Ik deel informatie die ik heb met mijn [functie] collega’s

Ik vind het belangrijk dat mijn [functie] collega’s op de hoogte zijn van wat ik doe

Ik vertel mijn [functie] collega’s regelmatig waar ik mee bezig ben

Als ik bepaalde kennis nodig heb, dan vraag ik mijn [functie] collega’s ernaar

Ik vind het fijn om op de hoogte gehouden te worden van wat mijn [functie] collega’s doen

Wanneer één van mijn [functie] collega’s ergens goed in is, dan vraag ik hem/haar om mij te leren
hoe ik dat moet doen

Team performance
Items regarding team satisfaction

De impact- Het werk dat wij doen brengt ons dichterbij de doelen en eindproducten van ons team

De richting — Ik weet welke doelen en eindproducten dit team moet opleveren

Persoonlijk enthousiasme — Ik vind het leuk om bij dit team te werken

Persoonlijke ontwikkeling — Ik krijg regelmatig coaching of feedback en vind dat nuttig

Sfeer in het team — Binnen ons team heerst een sfeer van vertrouwen en openheid

Samenwerking — We werken goed samen en komen samen tot betere oplossingen

Werkdruk — Ik ervaar een goede werkdruk binnen het team die ik voor een langere periode kan
vasthouden

Items regarding perceived task performance

Het werk dat mijn team levert is van een hoge kwaliteit

De klanten waar wij als team mee hebben gewerkt zijn over het algemeen tevreden met ons werk

In vergelijking met andere teams doet mijn team het erg goed

Op het gebied van prestaties is mijn team erg effectief
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