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Abstract
This study examines how knowledge-seeking can help field service engineers solve complex
system issues. High-technology manufacturers can benefit from these insights to increase
the speed of their recovery services. While previous research has differentiated between
interpersonal and codified knowledge-seeking behavior, it did not specify factors that
influence whether individuals engage in such behaviors. In addition, it remains unclear
how both types of knowledge-seeking relate to FSE problem-solving performance. The
current study empirically investigates these gaps in literature by analyzing survey responses
and company records from FSEs at a large multinational manufacturer of lithography
systems. The results suggest that knowledge-seeking from codified sources (and
particularly from local repositories) during problem-solving activities is beneficial for all
FSEs to enhance their problem-solving performance. Interpersonal knowledge-seeking
only enhances problem-solving performance for FSEs with poor transactive memory.
Furthermore, the results indicate that gatekeeper access enhances interpersonal
knowledge-seeking behavior and that both empowering leadership and intrinsic
motivation are antecedents of codified knowledge-seeking.

Key words:
Knowledge-seeking behavior, problem-solving performance, transactive memory, field
service engineers, recovery service, solving power, interpersonal knowledge-seeking,
codified knowledge-seeking.
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Executive Summary
Background
In the current landscape, characterized by globalization and fierce competition,
organizations must increasingly rely on knowledge to profile themselves. However, the
boundaries created by geographic, cultural, and temporal separations pose additional
challenges for employees to locate and acquire new knowledge. These challenges are even
more predominant in an environment where success depends on the rapid transfer of
business and technological knowledge to and from remote organizational locations. Field
service engineers work in such an environment as they are responsible for the delivery of
maintenance and recovery services at remote customer sites. Their service actions are
critical for products to live up to their predefined performance standards. As field service
engineers are often working on innovative and technology complex products, access to
external knowledge is vital for them to stay up to date.

Problem statement
This study is conducted at ASML, a company that specializes in the production of
lithography systems. These systems are sold to chip manufacturers across the world. To
secure system performance, ASML employs thousands of field service engineers who work
on remote customer sites. ASML has a designated escalation process for when critical
accounts face unscheduled downtime. This implies that engineers can escalate issues they
cannot solve to engineers higher in hierarchy. The involvement of higher-level engineers
implies long downtimes and high costs. Therefore, ASML aims to empower local field
service engineers to minimize escalations. Currently, the target for the independent
problem-solving performance of these engineers is not met at all customer sites. Previous
research at ASML suggested that many field service engineers struggle with finding the
knowledge they need in a timely manner when facing system issues.

v

Research questions
To increase the accessibility of problem-solving knowledge for FSEs, ASML developed
several wikis and databases that all FSEs worldwide can use as resources. Nevertheless, little
is known about the use and usefulness of these digital codified sources or about
interpersonal knowledge-seeking in a problem-solving context. Moreover, ASML aims to
discover if and when interpersonal knowledge-seeking and codified knowledge-seeking are
beneficial for FSE to solve problems, and how this behavior can be steered. Thus, the
following two research questions are proposed:
RQ1: What factors influence FSE knowledge-seeking from interpersonal and codified
sources during problem-solving?
RQ2: How does knowledge-seeking from interpersonal and codified sources influence the
solving power of FSEs, and how do issue characteristics moderate these relationships?

Methodology and analyses
Building on the concepts of transactive memory and knowledge-seeking, this study
establishes a conceptual model, which is empirically tested using questionnaire data from
207 field service engineers. 79 of these responses could be matched with archival problemsolving performance records. To test the statistical significance of the hypothesized
relationships, a linear regression analysis was performed. Afterwards, several post-hoc
analysis were conducted to substantiate our findings and obtain additional insights.

Results
The main results of this research are that transactive memory does not serve as antecedent
of knowledge-seeking but positively moderates the relationship between interpersonal
knowledge-seeking and problem-solving performance. As such, high interpersonal
knowledge-seeking behavior is only beneficial for engineers with low transactive memory.
Contrastingly, codified knowledge-seeking seems to show an unconditional positive effect
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on problem-solving performance. Issue characteristics do not seem to moderate this
relationship, nor the relationship between interpersonal knowledge-seeking and problemsolving performance. Moreover the results show that gatekeeper access is an antecedent of
interpersonal knowledge-seeking, and empowering leadership and intrinsic motivation
positively relate to codified knowledge-seeking. Lastly, from all individual knowledge
sources, local databases seem to be the only source of knowledge that is (as individual
construct) positively related to the problem-solving performance of field service engineers.

Recommendations
As interpersonal knowledge-seeking shows to be highly beneficial to increase the solving
performance of field service engineers with a poor understanding of who knows what
within the organization, it is advisable to identify those on the periphery of organizational
knowledge networks (e.g. based on their experience, location size or role), and support
them to engage in interpersonal interactions during problem-solving activities. Also, the
introduction of knowledge gatekeepers seems to be an effective tool to enhance
interpersonal knowledge-seeking behavior of field service engineers. Furthermore, codified
knowledge-seeking appears to be beneficial to problem-solving performance for all FSE.
The outcomes of this study suggest that replacing traditional hierarchical management
structures with empowering leadership, and enhancement of intrinsic motivation (e.g.
through competence building, autonomy and creation of relatedness) can help to increase
codified knowledge-seeking behavior. Finally, the findings suggest that local knowledge
repositories are generally the most valuable source of knowledge for FSEs. Consequently,
it is advisable to investigate how the usage of these local databases can be supported
without losing the benefits of globally shared learnings.
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1. Introduction
1.1. Background
Knowledge has been proposed as the main driver of both organizational and individual
competitiveness (Ren, Carley & Argote, 2006; Grant 1996). In the current landscape
characterized by globalization and fierce competition, companies must increasingly rely on
knowledge to profile themselves (Cheng, 2015). Hislop (2005, p.2) stated that “knowledge
represents the most important economic asset that business organizations possess and that
is the prime determinant of their innovativeness and profitability.” This perspective is in
line with the knowledge-based view of the firm, which posits that knowledge outweighs
the traditional production factors of land, labor, and capital (see Appendix 1 for more
information). The rise of the knowledge economy has also changed the work environment
for organizational individuals. Ren, Carley, and Argote (2006, p. 671) asserted that
“specialization and the huge volume of information in modern society means that people
cannot possess all of the knowledge they need in their work. They rely on external
assistance such as co-workers, books, databases, and the internet to retrieve information
and solve problems.”
The boundaries created by geographic, cultural, and temporal separations pose additional
challenges for employees to locate and acquire new knowledge (Cordery & Soo, 2008).
These challenges are even more predominant in an environment where success depends
on the rapid transfer of business and technological knowledge to and from remote
organizational locations (Oshri, Van Fenema & Kotlarsky, 2008). Field service engineers
(FSEs) work in such an environment, as they are responsible for the delivery of
maintenance and recovery services at remote customer sites. Their work serves to minimize
disturbances in customer operations and is critical for products to live up to their
predefined performance standards (Ulaga & Reinarts, 2011). FSEs often work under intense
pressure, as the service problems they face vary in nature each day and failure to deliver
can lead to customer loss and financial penalties for their employer (Marinova, Singh &
Singh, 2017; Van der Heijden et al, 2013). For FSEs working on complex technology
1
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products, access to external knowledge is even more vital, as these products are generally
subject to a breakneck speed in new product development (El Sawy & Bowles, 1997).
In recent years, many firms have developed tools and strategies to enhance the accessibility
of knowledge within the organization (see Appendix 2). For example, knowledge
repositories and data warehouses are widely implemented to make knowledge online
accessible to all employees and thus provide an alternative to interpersonal knowledge
sources (Valentine et al., 2019). Consequently, when FSEs of today’s organizations perceive
a knowledge gap1, they can seek knowledge either from co-workers or impersonally from
digital codified sources (Su & Contractor, 2011). However, access to knowledge alone does
not enhance learning if an individual does not proactively seek this knowledge. Hendriks
(1999) proposed that knowledge acquisition is a multifaceted and complex process that
requires intrinsic human behaviors. As noted by Xue et al. (2010, p. 300), “an organization
cannot effectively exploit knowledge unless its employees are willing and able to share their
own knowledge and assimilate the knowledge of others.”
Currently, little is known about what factors influence employees’ decisions to seek
knowledge from interpersonal and codified sources. Recent studies indicate that the
relationship between knowledge need, access to knowledge, and knowledge-seeking
behavior is not straightforward. For example, Valentine et al. (2019) found that individuals
on the periphery of organizational knowledge networks (e.g., those who are inexperienced
and/or working at remote locations) have a higher need for knowledge, but they
contrastingly draw less on accessible digital codified sources of knowledge than their
central counterparts. Moreover, notably little attention has been given to how employees’
interpersonal and codified knowledge-seeking behavior influences individual performance
(Su & Contractor, 2011) or to the situations in which employees should (or should not)
choose one type of knowledge source over the other. The current study aims to fill this gap
and investigates how FSE knowledge-seeking behavior is related to their problem-solving

1

In this sense, a knowledge gap is defined as a discrepancy between what the FSE knows and what he or
she needs to know in order to solve the system issue.
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performance. This empirical research uses both primary and secondary data from FSEs at
a multinational high-technology firm. In this study, the terms “information” and
“knowledge” will be used analogously (detailed motive in Appendix 3).

1.2. Empirical context
This study is conducted at ASML, a company that specializes in the production of
lithography systems. These systems are used to produce patterns on silicon, which is a
fundamental step in the production of computer chips (ASML, 2019). The Dutch company
was founded in 1984 in Veldhoven, where it is still headquartered. Currently, ASML
employs approximately 25,000 individuals who work in 60 locations within 16 countries
(ASML, 2019). ASML is a global market leader and sells its systems to the world’s largest
chipmakers, such as Samsung, Intel, and TSMC. Worldwide, approximately 85% of all
electronic devices (from computers and smartphones to airplanes and cars) contain a chip
that is made by an ASML machine (Clarke, 2018).
The newest ASML technology makes use of extreme ultraviolet (EUV) light. These EUV
systems are considered a disruptive technology that can push the entire electronics
industry to the next frontier (Moore, 2018). This new technology allows the size of the
patterns on a chip to be reduced from 193 nm to less than 10 nm and enables the production
of chips that are considerably faster, use less energy, and contain fewer mistakes (Verrijt,
2019). ASML’s newest EUV machines are the size of a school bus, weigh more than 180,000
kilograms, contain more than 100,000 parts, and cost around €150 million each. Thus far,
ASML has delivered approximately 40 EUV machines to its customers, 26 of which were
shipped in 2019 (ASML, 2020). In 2020, ASML predicts that it will manufacture and deliver
another 35 EUV systems (Shilov, 2020).
To secure machine performance, ASML employs thousands of FSEs who work on customer
sites worldwide to support these new systems along with roughly 2,000 older lithography
systems. Because the ASML machines are so complex, it is nearly impossible to gain full
understanding of the whole system. As a result, each machine is divided in six subsystems,
3

and employees are encouraged to specialize in one or multiple of these subsystems. The
FSEs work in shifts and provide around-the-clock service to clients. The responsibilities of
these engineers include machine maintenance, machine upgrade, and troubleshooting
unscheduled downtime. For ASML customers, unscheduled machine downtime is
extremely expensive and can cost up to €100,000 per hour. Therefore, it is vital that the
local FSEs of ASML are able to solve issues as quickly as possible.
Due to the rapid growth of ASML, the number of FSEs that the company employs has
increased by 30% in the past two years. As the production of EUV systems is currently
ramping up, a similar growth rate is forecasted for the coming years. Consequently, ASML
has to educate many new service engineers and retrain service engineers that work on older
types of lithography systems. To become qualified, FSEs must follow at least a year (on the
job) training to learn the basics of each subsystem, after which they have the opportunity
to specialize. Based on their degree of specialization, their knowledge about a certain
system or subsystem, and the extent of their geographical centralization, four levels of
customer support engineers can be distinguished: first line (local generalist), second line
(local specialist), third line (regional tech support), and fourth line (global development
and engineering).
ASML has a designated escalation process for when critical accounts face unscheduled
downtime. This process allows each engineer a limited amount of time to troubleshoot a
system before they must involve a higher level engineer. Accordingly, first line engineers
have the smallest time frame in which to solve an issue, and this time frame becomes
progressively larger as higher level engineers are involved. First line engineers work in the
client’s cleanroom and possess a basic knowledge of all parts of systems. In turn, second
line engineers are stationed in an office near the customer site and specialize in a certain
competency. Third line engineers are present in one of the three global support centers
worldwide and will attempt to fix the problem remotely (with first and second line
engineers in the field). When the third line engineer is not able to fix the issue, the actual
developers of the failing subsystem (fourth line) are involved. In some cases where issues
cannot be solved remotely, third and/or fourth line engineers are dispatched to the local
4

site to solve the issue. The involvement of third and fourth line support implies long
downtimes and high costs. Therefore, ASML aims to empower local support engineers (first
and second line) to minimize escalations.

1.3. Problem statement
With regard to the new EUV machines, ASML customer support has set a target for the
independent solving power of first and second line FSEs. Solving power reflects the
percentage of system issues an FSE is able to solve within the provided time frame
(therefore avoiding escalating the issue to a higher level engineer). Presently, the solving
power target is not met at all customer sites, and large variations in local solving power are
observable between geographic locations (and thus between the corresponding clients). To
meet the local solving power target at every site, ASML wishes to conduct a study to identify
possible drivers behind these disparities in performance.
Three recent questionnaires distributed at ASML found that many ASML employees across
the organization have difficulty retrieving knowledge. Firstly, a company-wide
questionnaire about “what ASML is doing right and wrong” in comparison with similar
companies (September 2019) discovered that ASML employees scored significantly below
the benchmark on “cross-team communication, collaboration and knowledge sharing.”
Secondly, in another company-wide questionnaire about the codified knowledge-seeking
of employees, many individuals indicated that they were not able to retrieve the
information they needed in a timely manner from global digital codified sources. Finally,
in a questionnaire about finding people within customer support (July 2019), the question
“how successful are you currently in finding unknown colleagues which you need for a
specific task or problem?” revealed an average score of 5.6 (on a scale of 1 to 10). The high
standard deviation between the answers (2.2) provided an indication that some FSEs are
more capable of locating and retrieving knowledge within the organization than others. In
addition, many FSEs stated that their inability to obtain the knowledge in a timely manner
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could be directly linked to machine downtime. Hence, the problem statement reads as
follows:
"Many FSEs of ASML have issues locating and retrieving specific information throughout
the organization, and this is thought to negatively affect solving power.”

1.4. Research question
The biggest challenge in knowledge sharing is the distribution of the right knowledge from
the right people to the right people at the right time (Alazmi & Zairi, 2003). Due to the
complexity of the ASML systems, FSEs are often dependent on the knowledge of colleagues
to solve system problems or solve them faster than they could on their own. However, FSEs
work at remote customer locations and can often only interact face-to-face with a few
colleagues. Additionally, employees working in remote locations tend to be on the
periphery of organizational knowledge networks and therefore know fewer knowledgeable
colleagues within the organization (Valentine et al., 2019). When ASML FSEs are not able
or motivated to actively seek the knowledge they need, they might escalate a large number
of system issues to remote next-line engineers via official channels. To increase the
accessibility of problem-solving knowledge for FSEs, ASML developed several wikis and
databases that all FSEs worldwide can use as resources. ASML also created formal processes
to fill these databases with best practices and known issues. Nevertheless, little is known
about the use and usefulness of these digital codified sources or about interpersonal
knowledge-seeking in a problem-solving context.
Moreover, ASML aims to discover whether interpersonal knowledge-seeking and codified
knowledge-seeking are equally beneficial for FSE solving power for all types of system
issues. Ideally, ASML would like to steer the knowledge-seeking behavior of FSEs, either by
adjusting situational circumstances or by adapting FSE selection criteria. Consequently, the
organization wants to know if the frequency of FSE knowledge-seeking is dependent on
personal traits or local leadership behaviors. Thus, the following two research questions
are proposed:
6

RQ1: What factors influence FSE knowledge-seeking from interpersonal and codified
sources during problem-solving?
RQ2: How does knowledge-seeking from interpersonal and codified sources influence the
solving power of FSEs, and how do issue characteristics moderate these relationships?

1.5. Research scope
Borgatti and Cross (2003) proposed that the decision to seek information from colleagues
is based on a dynamic choice process that is influenced by the perceived relationship
characteristics between the information seeker and the people that they might turn to.
Based on network research, they found that knowledge-seeking between two colleagues is
a function of whether the information seeker 1) knows what the other person knows, 2)
values the knowledge of that person, and 3) can get timely access to the knowledge of that
person. They noted that relational variables might differently influence knowledge-seeking
behavior when they are measured as general situational variables, and they (2003, p. 441)
indicated that “it could be that […] characteristics of a group as a whole affect whether or
how often people seek information from others in general, rather than as a determinant of
who is sought out.”
The current research aims to study FSE knowledge-seeking from an organizational
viewpoint and focuses on “knowing what other people know” as the sole direct determinant
of knowledge-seeking behavior. This knowledge of “who knows what and who is best at
doing what” is called transactive memory (Argote, 2015), and it enables individuals to
extend the knowledge available to them by locating knowledge from others (Nevo & Wand
2005). This study examines the relationships between an individual’s level of transactive
memory and the frequency of their knowledge-seeking from interpersonal and codified
sources. This research contributes to the existing literature because there is a need to
explore interpersonal and codified knowledge-seeking within an integrated theoretical and
analytic framework (Su & Contractor, 2011).
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In addition, the moderation effects of personality traits and leadership behavior are
investigated. In the Big Five theory of personality, extroversion is considered to be one of
the five core traits that make up human personality and is perceived to be the most
influential of these traits on a person’s ability to interact with others (Riege, 2005; Barrick
& Mount, 1991). In order to understand why some employees seek for knowledge more
frequently than their colleagues with similar access to interpersonal knowledge, this
research investigates whether extroversion moderates the relationship between transactive
memory and knowledge-seeking. Similarly, the role of empowering leadership is studied as
leadership behavior that may explain differences in employees’ motivation to seek
knowledge from interpersonal and codified sources. Empowering leadership is a leadership
style that supports the work autonomy of employees so that they are self-leading and selfreliant, and it is theorized to encourage interpersonal knowledge-seeking (which may come
at the expense of codified knowledge-seeking; Admundsen & Martinsen, 2014; Arnold et
al., 2000).
The current research also examines how interpersonal and codified knowledge-seeking
relates to individual performance and how situational characteristics moderate these
relationships. As this study is conducted in the context of FSEs, it considers system and
issue characteristics to be clear determinants of their problem-solving environment.
Within ASML, every system issue is recorded, including the type of machine and the
priority of the issue (regular, high, or critical). These situational variables provide an
indication of the time pressure (issue priority) and the complexity (system type) involved.
Consequently, this research could provide insight into when interpersonal or codified
knowledge-seeking is most rewarding for FSEs.

1.6. Theoretical relevance
This research offers three contributions to literature. Firstly, research on knowledge
management has mainly focused on knowledge contribution behavior (e.g. Bock et al.,
2005; Wasko & Faraj, 2000) due to the notion that encouraging employees to provide
8

knowledge is more intractable than knowledge-seeking. However, Bock, Kankanhalli, and
Sharma (2006, p. 3) note that “this leaves a gap in our understanding of how knowledgeseeking can be encouraged and how barriers to knowledge-seeking can be overcome.” In
line with Haas and Hansen (2005), the current study distinguishes between interpersonal
and codified knowledge-seeking. This fits the two approaches of knowledge management:
the personalization approach and the codification approach (Sharma & Bock, 2005). Where
the personalization approach is aimed at encouraging individuals to share and seek
knowledge interpersonally, the codification approach concentrates on the storage and
retrieval of knowledge. Thus far, most research has focused on either interpersonal
(Borgatti & Cross, 2003) or codified knowledge-seeking (Kankanhalli, Tan & Wei, 2005;
Valentine et al., 2019), and no study has researched the impact of both types of knowledgeseeking on individual performance. As reasoned by Su and Contractor (2011, p. 1271), “future
research should examine the extent to which information seeking could influence
individual and team performance such as work productivity and effectiveness.” Studying
the antecedents of both types of knowledge-seeking in combination with one another as
well as their relationship with performance is promising, as this provides insight into the
situations in which a certain source of knowledge may be most rewarding and how
managers can steer particular knowledge-seeking behavior. Table 1 shows an overview of
existing knowledge-seeking literature, and literature on related concepts.
Secondly, this study provides empirical research on transactive memory as a personal
characteristic of employees in multinational firms. Thus far, transactive memory research
has mainly focused on transactive memory systems (see Table 2), which describe “a set of
directories used to locate, allocate and retrieve knowledge in pairs and small groups”
(Jackson & Klobas, 2008, p. 409). Recently, however, several authors proposed that the
concept of transactive memory can be extended to the organizational level (Argote, 2015;
Ren & Argote, 2011; Jackson & Klobas, 2008; Nevo & Wand, 2005). In this setting, transactive
memory is described as a person’s individual knowledge of “who knows what and who is
best at doing what” within the organization (Argote, 2015, p. 198). This definition of
transactive memory has only been empirically examined in a network setting as a relational
9

variable (Carbonell, Rienties & Van den Bosche, 2011; Borgatti & Cross, 2003). The current
research empirically tests the influence of transactive memory on an individual’s
interpersonal and codified knowledge-seeking behavior. In contrast to previous studies,
this study examines whether and how frequently individuals seek knowledge from others
rather than using transactive memory as determinant of who is sought out. Measuring
transactive memory as an employee’s personal characteristic is promising, as it positions
transactive memory to be investigated as an antecedent of general behavioral patterns.
Moreover, by measuring transactive memory as a personal rather than relational variable,
this study is less contingent on privacy limitations and issues of data incompleteness
(Hoppe & Reinelt, 2010).
Thirdly, this study provides more insight into FSE knowledge-seeking interactions as a
component of their problem-solving actions. Tiamiyu (1992) suggests that one of the most
important factors that influences knowledge-seeking behavior in organizations is the
nature of the task performance. To date, no research has investigated the knowledgeseeking behavior of FSEs or the effect of knowledge-seeking on their ability to solve system
issues. As indicated by Van der Heijden et al. (2013, p. 516), “remarkably, little attention has
been given to how frontline employees can improve their recovery performance and help
the firm to deliver superior recovery service to stay competitive.” Marinova, Singh, and
Singh (2017) also note that, in current literature, “largely overlooked are the problemsolving processes—dynamics of frontline work and displayed affect that take place during
problem-solving interactions as frontline employees come to understand the problems and
construct solutions in real time” (p. 179). By empirically investigating knowledge-seeking
behavior as an antecedent of FSE problem-solving performance (using both subjective and
objective data), this study aims to provide insights on how companies can enhance the
uptime of their products. These types of insights are especially valuable in light of the
servitization trend in the manufacturing industry (Kastalli & Van Looy, 2013): increasingly,
manufacturers innovate by offering their product as a service rather than by selling
ownership of their product. For these firms, enhancing the uptime of their products is
equivalent to improving their margins.
10

Table 1. Overview of knowledge-seeking and related literature.
Study

Key concept(s)

Research type

Unit of analysis

Key findings

Bock,
Kankanhalli &
Sharma (2006)

Knows sharing,
knowledgeseeking, Electronic
knowledge
repositories

Empirical study
based on
primary data

134 working
professionals who were
pursuing a part-time
graduate degree at a
large university

Borgatti & Cross
(2003)

Information
seeking, social
networks,
transactive
memory
Knowledge
utilization, types of
knowledge, taskunit performance

Empirical study
based on
primary data

37 information
scientists in a global
pharmaceutical and

Collaborative norms,
knowledge growth, resource
facilitation conditions and selfefficacy positively impact
individuals’ knowledge-seeking
behavior through electronic
knowledge repositories
Relational variables (including
transactive memory) influence
whether employees seek for
information

Empirical study
based on semistructured
interviews

30 partners and
managers of a
consultancy company

Haas & Hansen
(2007)

Knowledgeseeking, types of
knowledge, task
performance

Empirical study
based on
primary data

164 sales teams in a
management
consultancy company

Mueller &
Kamdar (2011)

Help seeking, help
giving, creativity

Empirical study
based on
primary data

Nadler, Ellis &
Bar (2003)

Help seeking,
perceived expertise
gap, employee
effectiveness

Empirical study
based on
primary and
secondary data

Su & Contractor
(2011)

Information
seeking, human
knowledge sources,
and digital
knowledge sources

Empirical study
based on
primary data

291 design and
operation engineers
from large
multinational refinery
35 employees from a
company that
developed produced
and marketed basic
food products
110 individuals across
nine work teams from
two multinational IT
consulting firms

Van der Borg, De
Jong & Nijssen
(2019)

Helping coworkers,
motivationopportunity- ability
framework, sales
performance

Multilevel
empirical study
based on
primary and
secondary data

Haas & Hansen
(2005)

258 salespersons in a
global ICT firm

Task units are not always better
of obtaining and using more
knowledge. Utilizing
knowledge hurts task
performance in some situations
Sharing codified knowledge
improves task efficiency,
sharing interpersonal
knowledge improves task
quality
Help seeking is positively
related to creativity. However,
this relationship is negatively
moderated by help giving
The relationships between help
seeking and performance
evaluations are curvilinear and
moderated by task-relevant
expertise
Seeking from human
knowledge sources was
influenced by experience and
accessibility of team members.
Seeking from digital knowledge
sources depends on the
amount of knowledge stored
and on whether colleagues also
used digital information
sources
For employees with a common
level of job expertise, helping
behaviors negatively influence
performance. Contrastingly, for
employees with an unique level
of job expertise, helping
behaviors positively influence
performance
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Table 2. Overview of transactive memory literature.
Study

Key concepts

Research type

Unit of analysis

Key findings

Argote (2015)

Organizational
learning, global
strategy,
transactive
memory
Transactive
memory, virtual
work, global
organizations
Transactive
memory systems,
knowledge
boundaries
Transactive
memory systems,
top management
teams
Transactive
memory systems,
scale
development
Procedural,
declarative and
transactive
memory,
problem-solving

Descriptive
research

Existing literature on
transactive memory
systems

Extending the concept of
transitive memory would
enhance knowledge about
global strategy and TMS

Empirical study
based on semistructured
interviews
Empirical study
based on primary
data

16 planning engineers
from a building
company

Information localization,
allocation and retrieval are
visible also in an organizational
context
Transactive memory negatively
influences syntactic, semantic
and pragmatic boundaries

Empirical study
based on primary
data

99 top management
teams of various SME’s

Two empirical
studies based on
primary data

372 undergraduate
university students and
260 second-year MBA
student consultants
Investigates the
adaptability of routines
to two kinds of events:
downsizing and
environmental change

Procedural,
declarative and
transactive
memory
Organizational
memory systems,
information
systems,
transactive
memory
Transactive
memory, team
skills training,
trust
Transactive
memory systems

Empirical study
based on three
experiments

90 undergraduate
university students

Descriptive
research

Existing literature on
transactive memory
systems and meta
knowledge

Empirical study
based on an
experiment

48 undergraduate
university students

Meta study

76 papers on transactive
memory systems

Jackson &
Klobas (2008)

Kotlarsky, van
den Hoof &
Huysman (2009)
Heavey &
Simsek (2015)

Lewis (2003)

Miller, Pentland
& Choi (2012)

Moreland (1999)

Nevo & Wand
(2005)

Prichard &
Ashleigh (2007)

Ren & Argote
(2011)

Simulation model

150 employees of large
government institutions

The existence of transactive
memory systems within top
management teams is positively
related to firm performance
Transactive memory consist of
specialization, credibility and
coordination
Transactive memory enhances
problem-solving efficiency and
facilitates adaption to novel
problems. Declarative memory
facilitates efficient routines in
stable contexts.
Transactive memory can
improve group performance,
and can be enhance by training
together
Transactive memory consists of
personal and codified
directories. Technology can
enable the development of
transactive memory systems
within a global organization
Training together in team and
task skills lead to the
development of stronger
transactive memory systems.
Both social and technological
factors can facilitate the
establishment of an
organization-wide TMS
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2. Conceptual framework
The conceptual framework of this study is represented in Figure 1. The core concepts in
this study are transactive memory, interpersonal and codified knowledge-seeking, and
solving power. Transactive memory reflects a person’s memory about the knowledge of
another person (Argote, 2015). It develops over time as “people motivated by problems they
cannot solve alone search for help by contacting others and remember the contacts who
help and their contributions for possible sourcing again in the future” (Miller, Pentland &
Choi, 2012, p. 1538). This knowledge of who knows what and who is best at doing what
enables individuals to effectively extend the knowledge available to them by accessing
knowledge from others (Argote, 2015; Nevo & Wand, 2005). Argote and Miron-Spektor
(2011) theorized that transactive memory enhances problem-solving because employees
know where to find the knowledge they need. Based on this reasoning, the current study
investigates if and how the relationship between a person’s transactive memory and their
problem-solving performance is mediated by their knowledge-seeking behavior. This study
uses the term “solving power” instead of “problem-solving performance” Hereby, solving
power is defined as the proportion of system issues an FSE is able to solve without formal
escalation.
As posited by Nonaka (1994), knowledge can be transferred between individuals through
both socialization processes and knowledge codification. Therefore, when FSEs require
external knowledge to solve certain issues, they can choose to seek knowledge from both
interpersonal and codified sources. In this context, interpersonal knowledge-seeking is
defined as the frequency with which an employee initiates contact with colleagues (either
face-to-face or via communication technology) during problem-solving activities. As FSEs
generally work in remote organizational locations, communication technologies (e.g.,
video, telephone, and messaging) play a vital role in enabling interpersonal interactions
(Oshri, Van Fenema & Kotlarski, 2008). However, new technologies also facilitate
knowledge dissemination in codified form (Boh, 2008). When knowledge is codified,
“transfer across individuals involves transmission of documents or manuals” (Edmondson
et al., 2003, p. 5). Databases offer a practical solution to make knowledge available to
13

individuals who may otherwise lack access to relevant expertise because of their social or
geographical position (Davenport & Prusak, 1998).
Aside from examining direct relationships, this study also investigates moderators that
might strengthen or weaken the effect of transactive memory on knowledge-seeking as well
as moderating variables that could influence the effectiveness of knowledge-seeking
behaviors. Thus far, several studies have emphasized the role of individual differences in
the knowledge-seeking process (Al-Samarraie, Eldenfria & Dawoud., 2016; Marchionini,
1997). In studies on organizational behavior, personality traits are often considered to be
moderators because they are a reliable determinant of employee differences (Schepers et
al., 2008). Personality traits act as internal stimuli that differentiate employees’
perspectives on work behaviors (Mount, Ilies & Johnson, 2006). Research has demonstrated
that extroversion is a critical personality trait that influences employee behavior in social
settings (Eysenck, 1973). Extroversion is a trait that is characterized by “tendencies toward
being sociable, outgoing, talkative, aggressive, energetic and enthusiastic” (Stewart, 1996,
p. 619). In the Big Five personality traits, extroversion is considered a main determinant of
whether individuals are eager to engage in social interactions (Cherry & Gans, 2020).
Therefore, extrovert and introvert FSEs may show different knowledge-seeking behavior
during problem-solving even if they have a similar level of transactive memory.
Prior research also notes the impact of a leader’s role on employee behavior (Singh, 2008;
Liang et al., 2007). Recently, empowering leadership has emerged as a specific type of
leadership, which differs from other approaches such as directive, transactional, and
transformational leadership (Pearce et al., 2003). Empowering leaders are characterized by
their facilitating and supportive style aimed to make subordinates self-leading and selfreliant (Amundsen & Martinsen, 2014). The autonomy provided with this type of leadership
is assumed to motivate and activate organizational individuals to effectively communicate
with one another and encourage them to collaboratively solve problems (Arnold et al.,
2000). Xue, Bradley, and Liang (2011, p. 302) observed that “when team members are
empowered to make job-related decisions on their own, they need to possess adequate
information to ensure that the decisions are reasonable and justifiable given the decision
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contexts.” Thus, empowering leadership is investigated as a moderator on the relationship
between transactive memory and knowledge-seeking because it may explain differences in
whether and how FSEs use their transactive memory to seek knowledge.
The findings of Haas and Hansen (2005) indicated that task units are not always better off
obtaining and using more knowledge. In fact, knowledge-seeking might not be beneficial—
or may even be a waste of time—in certain circumstances. Orlikowski (2002) suggested
that the value of knowledge can only be accurately determined by studying the context in
which it is used. Thus, whether or not interpersonal or codified knowledge-seeking is
helpful for FSEs solving system issues is likely to depend on the type of system issue at hand
and the context in which is arises (Tiamiyu, 1992). Byström and Järvelin (1995)
demonstrated that the usefulness of knowledge sources is dependent on the complexity of
the task involved. As complex systems generally also produce more complex issues, a
particular form of knowledge-seeking behavior might be more or less beneficial when
solving issues on complex systems. Additionally, Haas and Hansen (2007) found that the
time cost of knowledge-seeking is dependent on the type of knowledge source used. This
implies that when FSEs face issues with a high urgency of direct repair (that is, issues with
high priority), either interpersonal or codified knowledge-seeking may be more valuable in
solving the issue. Therefore, system complexity and issue priority are investigated as
moderators of the relationship between knowledge-seeking and solving power. Table 3
provides an overview of the key constructs used in this study and their definitions.
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Figure 1. Proposed conceptual framework.

Table 3. Key constructs and definitions.
Construct

Definition

Transactive memory

The degree to which a FSE has metaknowledge about what other colleagues within the
company team know. (Lewis, 2003)

Interpersonal

The frequency a FSE asks colleagues for information via social interactions. This can be either

knowledge-seeking

direct colleagues or colleagues from other locations or divisions and happen face-to-face or via
communication technology.

Codified knowledge-

The frequency a FSE tries to retrieve information or knowledge from codified sources. This can

seeking

be either own, local or global codified sources and happen via physical documents or
information technology.

Solving power

The percentage of system issues a FSE is able to solve within the provided time window.

Extroversion

The extent to which a FSE’s personality is characterized by tendencies toward being sociable,
outgoing, talkative, aggressive, energetic and enthusiastic (Stewart, 1996).

Empowering

The extent to which a FSE perceives their leaders’ behavior is characterized by delegation of

leadership

responsibility and stimulation of self-reliance (Amundsen & Martinsen, 2014).

Issue priority

The degree to which an issue is regarded important to be immediately solved.

System complexity

Systems that are error-prone and difficult to understand and maintain (Muketha et al., 2010)
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3. Hypotheses
Transactive memory enables individuals to assess which colleague(s) are most likely to
provide help with a certain issue or answer a specific question (Oshri, Van Fenema &
Kotlarsky, 2008). As such, transactive memory serves as external memory that grants
individuals the ability to search for complementary knowledge needed to complete a given
task (Alavi & Tiwana, 2002; Wegner, 1987). Several studies have proposed that transactive
memory influences the interpersonal knowledge-seeking behavior of individuals.
Kotlarsky, Hooff, and Huysman (2009) propose that teams with high transactive memory
share more interpersonal knowledge. Moreover, Borgatti and Cross (2003) found that when
an individual knows the expertise of another person, they more frequently consult that
person for advice. Thus, in line with these prior findings, the current study hypothesizes
the following:
H1: Transactive memory positively influences interpersonal knowledge-seeking.

Knowledge repositories provide every employee, regardless of their social or geographical
position, access to external knowledge. Consequently, one would initially expect that
individuals who are less connected within the organizational social network use these
knowledge repositories more often than their well-embedded counterparts. However,
Valentine et al. (2019) found that, although all individuals in theory have access to these
codified sources, real access depends on understanding the knowledge within these
repositories. They noted that “someone can access a calculus book by opening its pages,
but the content might be inaccessible unless she understands math principles” (p. 349).
Individuals who are central in the organization’s social network reside in an environment
that supports them in understanding the organizational language and the knowledge
stored in the electronic databases (Boh, 2008). Valentine et al. (2019) further discovered
that employees on the periphery of knowledge networks use knowledge repositories to seek
knowledge less often than their more embedded counterparts. Moreover, transactive
memory could enable individuals to select the most valuable documents within the
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repository based on the issue at hand (e.g., because they know what search term to use and
which author is most authoritative). Consequently, this study hypothesizes the following:
H2: Transactive memory positively influences codified knowledge-seeking.

Knowledge-seeking “begins when someone perceives that the current state of knowledge
is less than that needed to deal with some issues (or problem)” (Krikelas, 1983, p. 5.).
Mueller and Kamdar (2011) suggested that greater knowledge-seeking efforts yield a
broader base of information that a person can then combine in novel and useful ways.
Whelan and Teigland (2013) noted that for individuals who experience knowledge gaps, it
is more efficient to ask for information rather than spending time and energy learning it
on one’s own. Moreover, employees that frequently seek knowledge are reported to be
more productive (Gould & Penley, 1984), and Durham et al. (2000) found a positive
relationship between group knowledge-seeking and performance. The source of knowledge
that is used or how rich or tacit the obtained knowledge is does not necessarily impact its
usefulness; in fact, Ryle (1949) suggested that people need to obtain a combination of
different types of knowledge (know-what, know-how, and know-why) to become skilled in
something. In line with this reasoning, I expect that both interpersonal and codified
knowledge could help FSEs solve system issues. Consequently, this study hypothesizes the
following:
H3: Interpersonal knowledge-seeking positively influences FSE solving power.
H4: Codified knowledge-seeking positively influences FSE solving power.

Eventual knowledge acquisition is not only dependent on knowledge access but also on
people’s initiative to obtain and use this knowledge (Bock Kankanhalli & Sharma, 2006).
The economic exchange theory posits that individuals behave according to rational selfinterest (Hsu et al., 2007). It further states that knowledge-seeking behavior will only occur
when its outcomes exceed its expected costs. A potentially significant cost of knowledge18

seeking in an organizational setting is the fact that the information seeker admits to lacking
knowledge on a certain topic (Borgatti & Cross, 2003). In addition, individuals could feel
that they are indebted to the colleagues that take time and effort to help. The higher the
perceived costs are, the less likely the individual is to seek knowledge from other people
within the organization (Casimir, Lee & Loon, 2012). Gupta (2008, p. 145) reasons that
“individuals who scored low on extroversion tend to be quiet and private and may feel too
timid to engage in a problem-solving conversation with people.” He also suggests that
extroversion is associated with a higher degree of social skills and a desire to work with
others. Consequently, for extroverted individuals, the perceived costs of initiating
interpersonal knowledge-seeking behavior are likely to be lower compared with those
perceived by introverted individuals. Therefore, extroverted FSEs who face an issue might
be more willing to use their knowledge of who knows what to initiate interpersonal contact.
In line with this reasoning, the following hypothesis is proposed:
H5a: Extroversion strengthens the positive relationship between transactive memory and
interpersonal knowledge-seeking.

As noted by Lu and Hsiao (2010, p. 151), “extroverted individuals are primarily oriented to
social settings, focusing their energy on people and objects, but introverts are more
interested in an internal environment, preferring to listen and reflect.” It was found that
introverted and neurotic people locate their “real me” on the internet, while extroverts and
nonneurotic people locate their “real me” through traditional social interaction (AmichaiHamberger et al., 2002). Amichai-Hamberger et al. stated (p. 127), “it would appear that the
social services provided on the Internet, with their anonymity, lack of need to reveal
physical appearance, [and] rigid control of information revealed in the interaction […]
provide an excellent answer to people who experience great difficulty in forming social
contacts due to their introverted personality.” Thus, extroverted individuals are likely to
prefer interpersonal knowledge-seeking over codified knowledge-seeking, and not convert

19

their understanding of where knowledge and expertise resides within the organization to
search for knowledge via codified sources. As a result, the following hypothesis is proposed:
H5b: Extroversion weakens the positive relationship between transactive memory and
codified knowledge-seeking.

The autonomy provided by empowering leadership is assumed to motivate organizational
individuals to effectively communicate with one another and encourage them to
collaboratively solve problems (Arnold et al., 2000). Xue, Bradley, and Liang (2011, p. 302)
noted that “when team members are empowered to make job-related decisions on their
own, they need to possess adequate information to ensure that the decisions are reasonable
and justifiable given the decision contexts. As a result, they are more likely to share
knowledge with one another before and during the decision process.” Similarly, Martin,
Liao, and Cambell (2013) found that empowering leadership enhances proactive behaviors
in employees. For FSEs, this leadership style might energize them to approach colleagues
that they believe may be able to help them. Therefore, the following hypothesis is proposed:
H6a: Empowering leadership strengthens the positive relationship between transactive
memory and interpersonal knowledge-seeking.

Empowering leaders teach their subordinates to communicate with one another and
encourage them to collaboratively solve problems (Xue, Bradley & Liang, 2011). Tung and
Chang’s (2011) results suggest that empowering leadership is positively related to team
cohesion. Therefore, empowering leadership motivates people to engage in interpersonal
rather than impersonal interactions. Additionally, empowering leaders do not attach
importance to formal organizational processes (Humborstad, Nerstad & Dysvink, 2014). For
employees with non-empowering leaders that do focus on adherence to organizational
processes, transactive memory might be less valuable because they are not encouraged or
expected to use their knowledge of who knows what to engage in social behavior. Moreover,
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these individuals are more likely to adhere to knowledge management processes aimed at
the storage and retrieval of codified information. Thus, the following hypothesis is
proposed:
H6b: Empowering leadership weakens the positive relationship between transactive
memory and codified knowledge-seeking.

Issues with high urgency for direct repair create time-related pressure for FSEs, as system
downtime is often costly for both their employer and the customer (Van der Heijden et al.,
2013). Gilliland and Schmitt (1993) found that time constraints limit the depth (that is, the
amount of knowledge assessed) and latency (that is, the time spent looking at each
document) of knowledge searching. According to Tiamiyu (1992, p. 132), “searching for and
using information requires time.” Thus, sources wherein searching for and using
knowledge is generally time-consuming are expected to be less beneficial in situations
characterized by significant time constraints. Codified sources (knowledge repositories in
particular) are often associated with information overload (Whelan & Teigland, 2013).
Butcher (1998) posits that information overload arises when people are exposed to more
information than they can assimilate or when they are burdened with a large amount of
information, only part of which is relevant to them. Given that interpersonal knowledgeseeking is interactive and context-specific (Biocca & Levy, 1995), the corresponding
knowledge gained may be more to the point and thus more easily processible. Accordingly,
the following hypotheses are proposed:
H7a: Issue priority strengthens the positive relationship between interpersonal knowledgeseeking and solving power.
H7b: Issue priority weakens the positive relationship between codified knowledge-seeking
and solving power.
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Tiamiyu (1992, p. 131) stated that “information sources themselves often differ in the extent
to which they provide information for resolving complex problems.” Byström and Järvelin
(1995) proposed that simple information is generally needed for simple tasks and that
complex tasks require complex information. The fact that interpersonal sources are
associated with high richness compared to codified sources (Daft, Sormunen & Parks, 1988)
might suggest that they are most rewarding when solving complex issues. In addition,
Tiamiyu (1992) observed that the more uncertain, unstructured, and complex an activity is,
the less likely it is that the inputs to complete the task can be prescribed beforehand. Thus,
for issues that arise on a new and complex system, it may be more difficult for an FSE to
diagnose the problem at hand and assess where they can locate the necessary knowledge.
In this sense, interpersonal sources may be more advantageous because the colleagues they
seek information from could also support them or refer them to other experts within their
network. In addition, knowledge of state-of-the-art complex systems and their issues may
not be codified yet. Therefore, the following hypotheses are proposed:
H8a: System complexity strengthens the positive relationship between interpersonal
knowledge-seeking and FSE solving power.
H8b: System complexity weakens the positive relationship between codified knowledgeseeking and FSE solving power.
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4. Methods
4.1. Data collection
The conceptual framework was tested using a sample of first and second line FSEs at ASML.
Data from two sources was collected: questionnaire data and secondary data from company
records. The latter included service order (SO) data that spanned a one-year period. An SO
is a document that is created by an FSE when a machine issue occurs. This document
includes, among other things, information about the issue at hand, the priority of the issue,
and the machine configuration. Moreover, SOs are the formal channel through which an
FSE should escalate an issue to a higher level engineer. The SO data allowed the individual
solving power of all engineers that filed SOs in the past year to be calculated.
The questionnaire was distributed to first and second line engineers via the local
knowledge managers. To promote truthful responses, the FSEs were promised
confidentiality. Respondents could also choose to remain entirely anonymous. In total, 222
responses were received, of which 86 were anonymous. From the remaining 136
respondents, 104 could be matched with SO data. Of all the responses, 15 were discarded
because of patterns that indicated possible response bias (mainly straight-lining). Table 4
shows the characteristics of the sample.

Table 4. Sample Characteristics.
Sample Characteristics
Returned surveys
Respondents in final sample
Age
Job experience
Number of countries
Number of geographical locations
Number of respondents with SO data

222
207
36.74 (8.95)
4.17 (4.24)
11
32
104

4.2. Measures
The questionnaire constructs were based on existing literature and operationalized with
multi-item scales. Items were measured using five-point Likert scales ranging from “fully
disagree” to “fully agree,” except for interpersonal and codified knowledge-seeking (which
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used a scale that ranged from 1 = “never” to 5 = “almost always”). Table 5 provides an
overview of the multi-item measurement scales used in this study.
The variables interpersonal and codified knowledge-seeking were measured with three
items each. These items were adapted from Borgatti and Cross (2003). Based on a
brainstorm session with local knowledge managers, an overview was created of the types
of interpersonal and codified knowledge sources an FSE could rely on during
troubleshooting activities. Herein, six distinct knowledge sources were identified, of which
three could be characterized as interpersonal knowledge sources and three as codified
knowledge sources.
The measurement for transactive memory was developed based on Van den Hooff and
Huysman (2009) and Borgatti and Cross (2003). Currently, only multi-item constructs are
available that measure the existence of transactive memory systems within teams (e.g., the
widely used scale of Lewis [2003]); this type of scale is unsuitable to measure transactive
memory in a broad and organizational sense (that is, knowing who knows what within an
organization). Consequently, items from Van den Hooff and Huysman’s “structural social
capital” construct were adapted to complement the single-item transactive memory scale
of Borgatti and Cross.
The variable FSE solving power was derived from company SO records. Specifically, solving
power reflected the number of system issues an engineer solved independently (without
escalating them to a higher level engineer) relative to the total number of issues the
engineer was responsible for. Prompted by a discussion with three experienced engineers,
issues sent to fourth line engineers were disregarded as escalations. The rationale behind
this decision was that most of the issues escalated to fourth line engineers reflect structural
issues or other problems that could not be solved by higher level engineers (that is, those
who were at least third line). Consequently, these issues would unjustly influence FSEs’
performance. An alternative “solving performance” measure was adopted in the
questionnaire. This self-rated performance scale was adopted from Kao and Chen (2016).
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To measure extroversion, three items from the scale of Lucas et al. (2000) were used. Items
were selected based on their applicability in a professional (rather than a leisure) setting.
Similarly, empowering leadership was measured using three items from Zhang and Bartol
(2010). From each of the subcomponents of empowering leadership—"fostering
participating in decision-making,” “expressing confidence in high performance,” and
“providing autonomy from bureaucratic constraints”—one item was chosen based on its
appropriateness in an FSE setting.
For system complexity, a dummy measure was used. In the questionnaire, FSEs were asked
which type of system they worked on most often: DUV systems that contain relatively
mature technology or the highly complex and disruptive EUV systems. Engineers that
worked most often on DUV systems were coded as “0,” and those who mostly worked on
EUV systems were coded as “1.” Company SO data was used to assess issue priority. Each
SO indicates its priority level, which can be either “sign off,” “regular,” “high,” or “critical.”
The issue priority measures reflected the total number of “high” or “critical” issues relative
to the total number of issues an FSE handled during the past year.
Two extra measures were also included the questionnaire: gatekeeper access and intrinsic
motivation. Gatekeepers are individuals within the organization who have a strong
understanding of the locations of capabilities and knowledge within the organization, both
locally and remotely (Jackson & Klobas, 2008; Allen, 1977). These gatekeepers can act as
“knowledge brokers” by referring colleagues with questions to the right person within the
organization. In the questionnaire, gatekeeper access was measured with a single-item
scale. The FSEs were asked if they have colleagues with a large network who often referred
them to the right person within the organization. In this thesis, intrinsic motivation refers
to an FSE’s interest in and enjoyment of problem-solving. To measure intrinsic motivation,
Kao and Chen’s (2016) scale was adopted. The intrinsic motivation measure was included,
as it was viewed as an important inducer of action (Locke and Latham, 2004).
Five controls were added to allow for correct model estimation: FSE age, experience, and
role and the cultural dimensions individualism and power distance. FSE age and experience
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were measured as continuous variables and were coded into four and five groups
respectively. FSE role was measured as a categorical variable. In the questionnaire, FSEs
indicated their role by choosing between “first line,” “second line,” and “other.” This
variable was included as a control to account for the fact that second line engineers have a
larger time frame in which to solve an issue and are often not limited by communication
restrictions in the customer cleanroom. The scales of individualism and power distance
were derived from Srite and Karahanna (2006). As FSEs from many geographical locations
(see Table 4) took part in this study, these cultural dimensions were incorporated as
controls to account for differences in cultural perception that might influence the
effectiveness of knowledge-seeking behavior.

Table 5: Constructs, items, factor loading, reliance and validity.
Variable
Self-rated service performance
Compared to my colleagues, I am very efficient in solving system issues
Compared to my colleagues, I deliver good quality service
Interpersonal knowledge-seeking
When a system faced issues that you were not able to identify or solve independently, how often in the past
year have you:
Asked team members for information or knowledge?
Asked service engineers from other teams or locations for information or knowledge?
Asked colleagues from other departments for information or knowledge?
Codified knowledge-seeking
When a system faced issues that you were not able to identify or solve independently, how often in the past
year have you:
Looked for information or knowledge in company-wide intranets and/or databases?
Looked for information or knowledge in local intranets, databases and/or physical documents?
Looked for information or knowledge in personal documents or libraries stored on your own computer?
Transactive memory
I very well understand what skills my colleagues have and the domains they are knowledgeable in
When I have a question, I often don’t know which colleague or department might be able to help (r)
Extroversion
If someone does something I don’t like, I tell them
I prefer working on projects alone than in groups
I do not enjoy talking to strangers (r)
Intrinsic motivation
I enjoy finding solutions to complex service problems
I enjoy improving existing service levels
Empowering leadership
My manager makes me take independent decisions in my daily activities
My manager encourages me to take initiative
Power distance
I believe that employees should not question their manager’s decisions
I believe that managers should not consult subordinates while making decisions
Individualism
Being accepted as a member of a group is for me more important than being independent (r)
Group success is for me more important than individual success (r)

FL

CA
0.782

CR
0.879

AVE
0.784

0.701

0.821

0.609

0.678

0.797

0.568

0.644

0.828

0.706

0.411

-----

-----

0.727

0.762

0.616

0.717

0.874

0.776

0.709

0.845

0.732

0.562

0.793

0.657

0.84
0.77

0.47
0.81
0.73

0.63
0.68
0.62
0.83
0.63
------------0.84
0.77
0.64
0.99
0.70
0.77
0.46
0.86
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4.3. Measurement validation
The analysis of measurement validation consisted of three consecutive stages. Firstly, the
internal consistency of every construct was measured with Cronbach’s alpha (CA). With
regard to CA, 0.60 is considered the lowest acceptable value in exploratory research (Hair
et al., 1998). Excluding extroversion and individualism, all scales exceeded this benchmark
(see Table 5). The extroversion scale could not be repaired by deleting items and therefore
had to be discarded for this research. The extroversion scale showed a CA of 0.411, and the
individual items loaded 0.29, 0.60, and 0.35 respectively. An exception was made for
individualism, as it was only used as a covariate, and other reliability measures showed
acceptable reliability and validity.
Secondly, the composite reliability (CR) and average variance extracted (AVE) were
calculated for each scale to assess the reliability and convergent validity of each construct,
and the data was tested for multicollinearity. The CR and AVE were constructed based on
a principle component analysis with varimax rotation. Table 5 shows the CR and AVE of
each construct. Both the CR and the AVE of all constructs exceeded the commonly
accepted thresholds of 0.70 and 0.50 respectively (Schepers & Nijssen, 2018). The data was
tested for multicollinearity through an analysis of the variance inflation factors (VIF). Table
6 reports the VIF scores of all constructs. As the highest VIF factor was 1.63, it was
concluded that multicollinearity was not an issue in this data.
Thirdly, a confirmatory factor analysis was performed to access the psychometric
properties of the scales and the fit of the measurement model. The outcomes revealed that
all factor loadings were, with minor exceptions, above 0.50. In addition, the squared root
of each AVE surpassed the average variance shared with any other construct (in line with
the discriminant validity guidelines). Table 7 shows the goodness-of-fit measures of the
measurement model. The χ2 goodness-of-fit statistic, which assesses “the magnitude of the
discrepancy between the sample and the fitted covariances,” (Hu & Bentler, 1999, p.2)
shows good fit, as its relative value (χ2/df) exceeds 5 (Hooper et al., 2008). The comparative
fit index (CFI) and Trucker-Lewis index (TLI) are incremental fit indices that compare the
fit of a hypothesized model with that of a baseline model (a model with the worst fit). Xia
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and Yang (2018) assert that good model-data fit is indicated by a CFI higher than 0.95. As
the CFI of the measurement model is 0.944, it is just below this benchmark. However,
according to Bentler and Bonett (1980), our TLI value demonstrates acceptable fit, as it
exceeds 0.9. The goodness of fit index (GFI) is an absolute fit index that assesses how well
an “a priori model” reproduces the sample data; it should exceed 0.90 (Hu & Bentler, 1999).
Finally, the root mean square error of approximation (RMSEA) illustrates “how well the
model, with unknown but optimally chosen parameter estimates, would fit the
population’s covariance matrix” (Hooper et al., 2008, p. 54). Our RMSEA of 0.044 indicates
good fit, as it is far below the benchmark of 0.05 (Hu & Bentler, 1999). In conclusion, the
measurement model shows acceptable model fit.
Table 6: VIF.
Multicollinearity (N=207)
(1) Self-rated performance
(2) Interpersonal knowledge-seeking
(3) Codified knowledge-seeking
(4) Transactive memory
(5) Gatekeeper access
(6) Intrinsic motivation
(7) Empowering leadership
(8) Power distance
(9) Individualism
(11) Age
(12) Experience
(13) Role

VIF
1.12
1.26
1.30
1.14
1.27
1.34
1.17
1.05
1.11
1.63
1.72
1.12

Table 7: Goodness of fit measures.
Measurement model

χ2

CFI

TLI

GFI

RSMEA

155.866

0.944

0.922

0.924

0.045

4.4. Analysis
To test the statistical significance of the hypothesized relationships, a linear regression
analysis was conducted in SPSS. As a first step, the items of each construct were averaged
to create latent variables and were subsequently standardized to allow for moderation
analysis. The control variables were added as covariates for each of the two mediators and
for the dependent variable. Ultimately, hypotheses 6a and 6b could not be tested because
the scale of extroversion was deemed unreliable.
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To test the models with interpersonal and codified knowledge-seeking as the dependent
variable, the entire dataset (containing 207 respondents) was used. For the models with
solving power as the dependent variable, only respondents with company data who filed at
least six SOs in the past year were considered (81 respondents). This benchmark was set
because solving power reflects the proportion of issues an FSE did not escalate to a higher
level engineer (fourth line issues excluded). The solving power measure was only deemed
reliable if the construct reflected an average of at least six SOs. The blue circles in Figure 2
demonstrate that many FSEs who filed only a few SOs revealed a score of 100% or 0% for
solving power (which was assumed to be random chance). In order to assess influential
outliers in the remaining dataset, the Mahalanobis Distances (MDs) were calculated for the
number of SOs that FSEs filed, and these were compared with a chi-squared distribution.
The boxplot in Figure 2 indicates that two outliers were observed (with MD above 16).
These two outliers were removed because they showed a probability lower than 1% and
were deemed influential (see the orange circles in figure 2). Consequently, the final sample
used to test the models with solving power as the dependent variable included 79
responses. Figure 8 and 9 illustrate the correlations between the questionnaire and the
objective constructs. Appendix 4 reports the correlation matrix of the 128 discarded
responses (responses without objective data, with less than 6 SOs, or containing outliers).
This correlation matrix shows similar correlations compared to the full sample.

Figure 2: Scatterplot of solving power against number of SOs (left) and boxplot of
Mahalanobis Distance (right).
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Table 8: Correlation full sample (N=207).
Correlations (N=207)
Mean SD
1
2
3
4
5
6
7
8
9
10
(1) Self-rated performance
3.66
.68
1
(2) Interpersonal KS
3.12
.71
.122
1
(3) Codified KS
4.02
.73
.188** .204**
1
(4) Transactive memory
3.39
.77
.055
.028
.089
1
(5) Gatekeeper access
3.11
.98
.073
.295**
.145*
.189** 1
(6) Intrinsic motivation
4.17
.63
.224** .170*
.346** .278** .186** 1
(7) Empowering leadership
3.68
.79
.148*
-.029
.244** .125
.215** .210** 1
(8) Power distance
2.21
.79
-.073
-.023
-.164* -.071
.028
-.141* -.107 1
(9) Individualism
2.33
.71
.109
-.065
-.105
-.147* -0.22
-.194* -.032 .046
1
(10) Age^
36.74 8.95 .026
-.050
.089
.017
.089
.058
.129
.020
.118
1
(11) Experience^
4.17
4.24 .050
-.227** .098
-.014
-.165* .003
.073
-.018 .131
.578**
(12) Role^
.34
.47
.005
.125
.186** -.111
-.015
.046
.097
-.026 .058
.176*
(13) System complexity
.26
.44
.079
-.037
-.100
-.163* .037
-.035
.068
-.010 -.019 .136
* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)
^ Age and job experience are measured as continuous variable (used for mean and SD), but the correlations are based on age and experience
complexity are measured as dummy variable with 0= 1st line and 1= 2nd line and 0=DUV and 1=EUV, respectively.

11

12

13

1
.256**
-.079

1
.110

1

groups. Role and system

Table 9: Correlation sample with objective data (N=79).
Correlations (N=79)
Mean SD
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
CBI
1
(1) Engineer solving power CBI
3.71
.60
.102
1
(2) Self-rated performance
3.18
.66
.176
.150
1
(3) Interpersonal KS
4.18
.60
.330**
.183
.236**
1
(4) Codified KS
3.70
.74
.121
.255*
-.155
.065
1
(5) Transactive memory
3.03
1.00
.099
.108
.194
.220
.277*
1
(6) Gatekeeper access
4.34
.59
.123
.385** .170
.331*
.045
.292** 1
(7) Intrinsic motivation
.72
.044
.148
-.008
.128
.147
.269*
.374** 1
(8) Empowering leadership 3.76
2.21
.78
-195
-1.62
-.083
-.132
-.084
.034
-.067*
-.224*
1
(9) Power distance
2.21
.63
.133
.044
-.170
-.017
-.174
-.039
-.109*
.042
-.129
1
(10) Individualism
35.09
7.65
-.050
-.059
-.041
.172
-.038
.171
.019
.289*
.033
.101
1
(11) Age^
3.49
3.59
-.065
-.016
-.303**
.103
-.106
-.156
.069
.231*
.028
.105
.514** 1
(12) Experience^
.43
.50
.094
-.026
.176
.135
-.342**
-.099
.061
.042
.046
.139
.197
.000
1
(13) Role^
.22
.41
.080
.-.106
.122
.133
-.227*
.018
.010
-.083
-.022
-.027
.211
-.015
.354** 1
(14) System complexity^
CBI
CBI
-.667** -.050
.001
-.297**
-.068
-.122
-.107
-.045
.033
-.075
.007
-.021
.043
.000
1
(15) SO priority (%)
* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)
^ Age and job experience are measured as continuous variable (used for mean and SD), but the correlations are based on age and experience groups. Role and system complexity are measured as
dummy variable with 0= 1st line and 1= 2nd line and 0=DUV and 1=EUV, respectively.
CBI refers to confidential business information
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5. Results
5.1. Hypothesized model
The standardized estimates for the core model and the hypothesized model are reported
in Table 10. First, the core model (with only direct effects) was calculated; afterward,
moderators were included in this model (right part). The core model was used to assess the
direct relationships in the hypothesized model, and the final hypothesized model was
utilized to estimate the moderation effects. The final hypothesized model explains 9% of
interpersonal knowledge-seeking, 13.4% of codified knowledge-seeking, and 58.1% of FSE
solving power. The results indicate that transactive memory is not significantly related to
either interpersonal knowledge-seeking or codified knowledge-seeking. Consequently,
hypotheses 1 (β = 0.028, t = 0.405) and 2 (β = 0.077, t = 1.107) are not supported. In the core
model, interpersonal knowledge-seeking shows no significant relationship with FSE solving
power. Thus, hypothesis 3 is rejected (β = 0.110, t = 0.881). In support of hypothesis 4,
codified knowledge-seeking and solving power are positively related (β = 0.301, t = 2.596).
The moderating effect of extroversion on the relationship between transactive memory and
knowledge-seeking (hypotheses h5a and h5b) could not be tested, as the measurement
scale did not meet the criteria of scale reliability. The other hypothesized moderating
effects (hypotheses h6a, h6b, h7a, h7b, h8a, and h8b) did not show any significant effects.
Empowering leadership did not moderate either the relationship between transactive
memory and interpersonal knowledge-seeking (β = -0.062, t = -0.888) or codified
knowledge-seeking (β = -0.086, t = -1.252). Additionally, system complexity did not function
as a moderator on the relationship between interpersonal knowledge-seeking (β = -.131, t =
-.1.313) and codified knowledge-seeking (β = 0.146, t = 1.252) on solving power. Although
issue priority was shown to have a highly significant negative direct effect on solving power
(β = -0.727, t = -7.311), it did not function as a moderator on the relationship between
interpersonal (β = 0.205, t = 1.803) and codified knowledge-seeking (β = -0.183, t = -1.469)
on solving power. As its beta weight exceeds its correlation with the criterion (and repulses
the other betas), it is considered a cooperative suppressor (Krus & Wilkinson, 1986).
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Table 10: Results of testing hypothesized model.
Core Model
Dependent variable
Interpersonal KS Codified KS
Solving power
β
t
β
t
β
t
9.702
11.268
.997

Constant
Direct effects
Interpersonal knowledge-seeking (IKS)
Codified knowledge-seeking (CKS)
Transactive memory (TM)
.028
Empowering leadership (EL)
System complexity (SC)
Issue priority (IP)
Moderating effects
TM * EMP
IKS * SC
CKS * SC
IKS * IP
CKS * IP
Control variables
Age
.120
Experience
-.308
Role
.135
Power distance
-.013
Individualism
-.034
Variance explained (R^2)
8.4%
* Bold values indicate significant effects (p<0.05)

.110
.301
.405

.077

Interpersonal KS
β
t
8.693

.881
2.596

1.107

.031
-.048

-.062

1.409
-3.659
1.918
-.194
-.492

.028
.073
.191
-.143
-.123
8.9%

.336
.869
2.728
-2.087
-1.770

-.117
-.013
.044
-.126
.136
17.2%

Hypothesized Model
Dependent variable
Codified KS
Solving power
β
t
β
t
8.453
3.461

-866
-.096
.376
-1.126
1.188

.139
-.318
.141
-.022
-.040
9.0%

.434
-.682

-.888

1.598
-3.738
1.995
-.317
-.565

.052
.196

-.086

.024
-.059
.179
-.128
-.125
13.4%

Solving power
β
t
3.491

.156
.074

1.647
.795

.279
-.005

2.621
-.050

.047
-.647

.525
-7.389

.054
-.727

.561
-7.311

-.131
.146
.205
-.183

-1.313
1.252
1.803
-1.469

-.199
.052
.120
-.193
.055
58.1%

-1.833
.485
1.294
-2.235
.625

.754
2.898

-1.252

.286
.716
2.593
-1.893
1.829

-.123
.022
.100
-.154
.070
54.2%

-1.191
.213
1.087
-1.822
.802
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5.2. Post-hoc analyses
The statistical results show little support for the proposed conceptual framework. In
contrast to the hypotheses, transactive memory is not an antecedent of knowledge-seeking,
and empowering leadership, issue priority and system complexity do not serve as
moderators. Moreover, the results provide an indication that the effectiveness of
interpersonal knowledge-seeking on FSE solving power is dependent (an)other variable(s),
as this relationship is insignificant in the core model but significant in the hypothesized
model. Accordingly, the outcomes suggest that the actual dynamic between the
investigated variables is different than proposed. To further investigate drivers that
influence FSE knowledge-seeking behavior, and study how knowledge-seeking relates to
problem-solving performance, seven post-hoc analyses are conducted.

5.2.1 Post-hoc 1: Antecedents of knowledge-seeking behavior
As the hypothesized model only explained a fairly low proportion of the variance of
interpersonal (9%) and codified (13.4%) knowledge-seeking, alternative knowledgeseeking antecedents were investigated. In the FSE survey, several personal and situational
variables were included that were not part of the hypothesized model (i.e., gatekeeper
access, intrinsic motivation, and job rotation). These variables constituted the investigated
alternative antecedents of FSE knowledge-seeking. In addition, a possible direct
relationship (rather than a moderating relationship) was tested between empowering
leadership and FSE knowledge-seeking behavior.
Table 11 shows the results of an alternative linear model with empowering leadership,
gatekeeper access, intrinsic motivation, and job rotation as direct antecedents of FSE
interpersonal and codified knowledge-seeking behavior (using the same controls as in the
hypothesized model). This model explains considerably more variance: 17.2% in
interpersonal knowledge-seeking and 20.2% in codified knowledge-seeking. The results
show that gatekeeper access (β = 0.265, t = 3.774) is positively related to interpersonal
knowledge-seeking. Moreover, both empowering leadership (β = 0.137, t =2.022) and
33

Confidential

intrinsic motivation (β = 0.267, t = 3.896) show a significant positive direct relationship
with codified knowledge-seeking.

Table 11: Alternative model of knowledge-seeking antecedents.
Post-hoc 1
Dependent variable
Interpersonal KS
Codified KS
β
t
β
t
5.486
4.845

Constant
Direct effects
Empowering leadership (EL) -.121
-1.752
Gatekeeper access (GA)
.265
3.774
Intrinsic motivation (IM)
.129
1.855
Control variables
Age
.052
-.167
Experience
-.220
-2.640
Role
.141
2.111
Power distance
-.015
-225
Individualism
-.014
-.211
Variance explained (R^2)
17.2%
* Bold values indicate significant effects (p<0.05)

.137
.090
.267

2.022
1.299
3.896

-.034
-.418
.110
1.342
.164
2.492
-.099 -1.511
-.075 -.1.133
20.2%

5.2.2 Post-hoc 2: Self-rated performance as dependent variable
The FSE survey included an alternative self-rated problem-solving performance measure.
To test the relationship between knowledge-seeking behavior and self-rated performance,
the right side of the conceptual framework (hypotheses 3, 4, 8a, and 8b) is repeated with
self-rated performance as the dependent variable. This analysis is fully based on
questionnaire data and thus includes all 207 responses. As issue priority is measured by
objective company data, this variable was discarded as a moderator.
As shown in Table 12, the core model explains 6.1% of self-rated performance and the
moderation model explains 9.6%. In line with the outcome of the hypothesized model, only
codified knowledge-seeking seems significantly related to FSE solving performance (β =
0.166, t = 2.238). The effect of interpersonal knowledge-seeking (β = 0.115, t = 1.556) on selfrated performance is not significant, as it has a significance level of 95%. Moreover, system
complexity does show a significant direct effect on self-rated performance (β = 0.143, t =
1.990) but does not moderate the relationship between knowledge-seeking behavior and
solving power (β = -0.152, t = -1.837 and β = 0.069, t = 0.685). This post-hoc analysis suggests
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that the models with solving power and self-rated performance as the dependent variables
demonstrate a high degree of similarity in their outcomes but large differences in Rsquared.
Table 12: Model with alternative performance measure.

Constant
Direct effects
Interpersonal knowledge-seeking (IKS)
Codified knowledge-seeking (CKS)
System complexity (SC)
Moderating effects
IKS * SC
CKS * SC
Control variables
Age
Experience
Role
Power distance
Individualism
Variance explained (R^2)
* Bold values indicate significant effects (p<0.05)

Post-hoc 2 Core
Dependent variable
Self-rated performance
β
t
5.995
.115
.166

Post-hoc 2 Moderation
Dependent variable
Self-rated performance
β
t
4.881

1.556
2.238

-.033
.067
-.043
-.050
.121

-.376
.753
-.590
-.705
1.710
6.1%

.187
.151
.143

2.313
1.716
1.990

-.152
.069

-1.837
.785

-.074
.088
-.040
-.054
.114

-.840
.982
-.549
-.549
1.613
9.6%

5.2.3. Post-hoc 3: Transactive memory as moderator on the relationship between
interpersonal knowledge-seeking and solving power
The results of the hypothesized model show that transactive memory is not an antecedent
of knowledge-seeking and that interpersonal knowledge-seeking is not significantly related
to FSE solving power. This suggests that transactive memory, interpersonal knowledgeseeking, and solving power might be differently related to each other. The current post-hoc
analysis investigates whether transactive memory is a moderator on the relationship
between interpersonal knowledge-seeking and solving power.
Table 13 shows the standardized estimates for this alternative model. The model explains
21.4% of the variance in solving power. The results show that transactive memory indeed
moderates the relationship between interpersonal knowledge-seeking and solving power.
However, while the direct effects of transactive memory (β = 0.280, t = 2.320) and
interpersonal knowledge (β = 0.280, t = -2.320) on solving power are significantly positive,
the moderation effect is highly negative (β = -0.308, t = -2.642). This suggests that both
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variables individually enhance solving power but that the combination of high
interpersonal knowledge-seeking and high transactive memory is not beneficial per se.
Figure 3 provides a graphical representation of the relationship between interpersonal
knowledge-seeking and solving power under the conditions of low (one standard deviation
below the mean) and high transactive memory (one standard deviation above the mean).
The graph demonstrates that for individuals with high transactive memory, it does not
make a difference in terms of solving power whether they barely or often seek interpersonal
knowledge. However, for people with low transactive memory, interpersonal knowledgeseeking seems to be highly advantageous when solving system issues. This might indicate
that individuals with high transactive memory have to exert less effort to approach the right
colleagues within their organization, or that knowledge providers are generally more
willing to help colleagues with high transactive memory. To find empirical support for
these assumptions, a correlation analysis was conducted between transactive memory and
other (so far unexamined) constructs that might explain the social competence of FSEs.
Table 14 reports the findings of this analysis, which demonstrate that transactive memory
is positively related to learning behavior and extroversion on a 1-item scale (extroversion
item 3 in Table 5).
Table 13: Model investigating the relationship between interpersonal knowledge-seeking
and solving power with transactive memory as moderator.
Post-hoc 3 Core

Post-hoc 3 TM

Dependent variable
Solving power
β
t
2.824

Dependent variable
Solving power
β
t
.773

Constant
Direct effects
Interpersonal knowledge-seeking (IKS)
.188
1.490
Transactive memory (TM)
Moderating effects
IKS*TM
Control variables
Age
-.099
-.709
Experience
.033
.233
Role
.071
.589
Power distance
-.164
-1.423
Individualism
.136
1.145
Average variance explained (R^2)
9.3%
* Bold values indicate significant effects (p<0.05)

.235
.227

-.128
.081
.135
-.134
.183

1.852
1.834

-.927
.564
1.095
-1.163
1.528
13.4%

Post-hoc 3
Moderation
Dependent variable
Solving power
β
t
.697
.286
.280

2.318
2.320

-.308

-2.642

-.118
.044
.131
-.198
.144

-.885
.321
1.110
-1.754
1.246
21.4%
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Figure 3: Moderating effect of transactive memory.

Table 14: Correlating variables with transactive memory (N=207).
Correlations (N=207)
Mean SD
1
2
(1) Transactive memory
3.59
.77
1
(2) Learning behavior
4.36
.62
.236** 1
(3) Extroversion (1 item) 3.31
1.05 .264** .175*
* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)

3

1

5.2.4. Post-hoc 4: Individual knowledge sources and solving power
In the hypothesized model, interpersonal and codified knowledge-seeking represent an
aggregate of knowledge-seeking behavior from several individual knowledge sources. As
shown in Table 5, interpersonal knowledge-seeking is a sum of knowledge-seeking from
direct team members, colleague FSEs from other shifts or sites, and colleagues from other
departments within ASML. In turn, codified knowledge-seeking is also based on
knowledge-seeking behavior from three different types of codified sources: global, local,
and the individual’s own databases. In order to investigate which individual knowledge
sources are most valuable during FSE problem-solving activities, the relationship between
these sources and FSE solving power is investigated. Table 15 shows the correlations
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between knowledge-seeking behavior from all individual knowledge sources and solving
power.
Table 16 reports the standardized estimates for this alternative model. This model explains
23.8% of the variance in FSE solving power. The results indicate that knowledge-seeking
from local databases shows a highly positive relationship with FSE solving power (β = 0.406,
t = 3.285). Knowledge-seeking from other interpersonal and codified knowledge sources
seems to be unrelated to FSE solving power. Consequently, local databases appear to be the
most valuable source of knowledge for FSEs during problem-solving.

Table 15: Correlation between individual knowledge sources and solving power (N=79).
Correlations (N=79)
Mean SD
1
(1) Solving power
CBI
CBI 1
(2) KS team members
3.91
.72
.118
(3) KS other shifts or sites
2.86
.92
.122
(4) KS other departments
2.77
.95
.158
(5) KS global databases
4.48
.73
.099
(6) KS local databases
3.91
.96
.425**
(7) KS own databases
4.15
.85
.133
* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)
CBI = Confidential business information

2

3

4

5

6

7

1
.234*
.196
.253*
.155
.085

1
.613**
.063
.320**
.011

1
-.025**
.160
.107

1
.280*
.232*

1
.236*

1

Table 16: Alternative model with all individual knowledge-seeking sources.
Post-hoc 4
Dependent variable
Solving power
β
t
1.600

Constant
Direct effects
KS team members
.057
.478
KS other shifts or sites
-.071
-.467
KS other departments
.095
.663
KS global databases
-.063
-.504
KS local databases
.406
3.285
KS own databases
.067
.529
Control variables
Age
-.074
-.534
Experience
-.047
-.340
Role
.033
.277
Power distance
-.136
-1.174
Individualism
.097
.844
Variance explained (R^2)
23.8%
* Bold values indicate significant effects (p<0.05)
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5.2.5. Post-hoc 5: Analysis of formative knowledge-seeking constructs
The outcome of post-hoc analysis 3 suggests that interpersonal and codified knowledgeseeking may be formative rather than reflective constructs. In contrast to reflective
constructs, formative constructs “are grouped under the same multidimensional construct
because each dimension represents some portion of the overall latent construct" (Law and
Wong 1999, p. 14). Traditional methods of determining validity and reliability cannot be
used for formative constructs (Xue et al., 2011). According to Petter et al. (p. 641), “given
that the objective of formative constructs is to retain the unique variance of each measure
and not just the shared variance among measures, principal component analysis, and not
common factor analysis, should be applied to evaluate the reduced dimensionality of the
measure.” Thus, Smart PLS was used to perform a principal component analysis to test the
validity and reliability of interpersonal and codified knowledge-seeking as formative
constructs. Accordingly, the formative measures assessment guidelines of Petter et al.
(2007, p. 640-643) were followed, and a bootstrapping technique with 2,000 resamples was
used. First, all the weights of the individual items on both constructs were considered, as
the construct validity criteria posit that each subitem should load significantly on the latent
construct (Diamantopoulos & Winklhofer, 2001). However, as reported in Table 17, both
constructs showed only one significant weight and two weights that were far from
significant. As dropping measures would change what the construct is measuring, both the
interpersonal and codified knowledge-seeking constructs could not pass the construct
validity criteria. However, both constructs revealed no issues with regard to construct
reliability, as the measures showed relatively low VIF scores (all far below 3.3; Petter et al.,
2007). In conclusion, due to the problematic construct validity of the interpersonal and
codified knowledge-seeking constructs, they cannot be used as formative constructs. As
both constructs do meet the criteria for measurement validity and reliability as reflective
constructs, they are considered reflective constructs for the purposes of this study.
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Table 17: Accessing measurement validation of interpersonal and codified knowledgeseeking as formative construct.
t
VIF
Variable
Interpersonal knowledge-seeking
KS team members
.187
1.197
KS other shifts or sites
.667
1.684
KS other departments
2.349
1.566
Codified knowledge-seeking
KS global databases
.732
1.274
KS local databases
.515
1.394
KS own databases
2.145
1.314
* Bold values indicate significant effects (p<0.05)

5.2.6. Post-hoc analysis 6: The gap in variance explained between self-rated
performance and solving power as dependent variable.
Based on the results of the hypothesized model and post-hoc 2, large differences in the
explained average variance are observable between models with solving power as the
dependent variable and models with self-rated performance as the dependent variable. For
instance, the models with both interpersonal and codified knowledge-seeking as
antecedents of solving power and self-rated performance show a difference of 11.1% (17.2%
and 6.1% respectively). The current post-hoc analysis investigates whether these
distinctions can be explained by the sample (as the models with solving power use a
subsample) or whether solving power can be better predicted by knowledge-seeking than
by self-rated performance.
First, we replicated the models with self-rated performance as the dependent variable with
both the entire sample (sample size 207) and the subsample (sample size of 79). Table 18
reports the results of this analysis. The results indicate that the models run on the
subsample explain significantly more variance in self-rated performance. The fact that the
subsample does not show significant relationships can be explained by the difference in
sample size. However, interpersonal knowledge-seeking seems to affect self-rated
performance more strongly in the subsample. Figure 4, which depicts a scatterplot of the
relationship between interpersonal knowledge-seeking and self-rated performance while
differentiating between responses that were and were not discarded (those that were not
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comprise the subsample), provides an explanation for these results. Several responses that
suggest a negative relationship between interpersonal knowledge-seeking and selfperformance (indicated in the orange circles) were excluded from the subsample. As a
result, the responses that were not discarded show greater coherence.
Nevertheless, this only partially explains the difference in R-squared between the model
with self-rated performance as the dependent variable and the model with solving power
as the dependent variable. Consequently, the strength of the relationships between
knowledge-seeking (as a combined measure) and both solving power and self-rated
performance are analyzed using a scatterplot with a line of best fit. Both scatterplots
(shown in Figure 5 and 6) indicate that knowledge-seeking individually explains
considerably more variance in solving power (10.1%) than does self-rated performance
(4.2%). This disparity may be influenced by the fact that there was little differentiation in
self-rated performance scores between respondents in the subsample. Within the
subsample, no participants rated their own solving performance as below average (less than
a 3 on a five-point Likert scale). This seems to be the result of self-assessment bias.
According to Walfish et al. (2012), previous research has consistently found that people
provide overly positive assessments of their personal performance. In conclusion, the gap
in variance explained between self-rated performance and solving power as dependent
variables can be explained by both the sample and the measure itself.
Table 18: Models that compare the whole sample (N=207) with the subsample (N=79).

Constant
Direct effects
Interpersonal knowledge-seeking (IKS)
Codified knowledge-seeking (CKS)
Control variables
Age
Experience
Role
Power distance
Individualism
Average variance explained (R^2)

Post-hoc 6 Whole sample (N=79)
Dependent variable
Self-rated performance
β
t
5.955

Post-hoc 6 Subsample (N=79)
Dependent variable
Self-rated performance
β
t
4.094

.115
.166

1.556
2.238

.160
.142

1.221
1.173

-.033
.067
.-.043
-.050
.121

-.376
.753
-.590
-.705
1.710

-.166
.104
-.019
-.146
.031

-1.177
.716
-.153
-1.240
.258

6.1%

9.0%
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Self-rated performance

Interpersonal knowledge-seeking

Solving power

Figure 4: Scatterplot of the relationship between interpersonal knowledge-seeking and
self-rated performance, while differentiating between discarded and not discarded
responses.

Knowledge-seeking (IKS+CKS)

Figure 5: Scatterplot of the relationship between knowledge-seeking (aggregate of
interpersonal and codified knowledge-seeking) and solving power (N=79).
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Self-rated performance

Knowledge-seeking (IKS+CKS)

Figure 6: Scatterplot of the relationship between knowledge-seeking (aggregate of
interpersonal and codified knowledge-seeking) and self-rated performance (N=79).

5.2.7 Post-hoc analysis 7: Knowledge-seeking behavior and experience
To investigate whether FSEs change their interpersonal and codified knowledge-seeking
behavior as they gain more experience, the means of both variables were compared for each
experience group (based on a 5-point Likert scale). The results, which are portrayed in
Figure 7, demonstrate that FSEs seek significantly less knowledge from interpersonal
sources as they become more experienced (this is in line with the regression results
reported in Table 10 and 11). In contrast, codified knowledge-seeking behavior displays a
stable (and even somewhat upward) trend based on experience. This indicates that as FSEs
gain experience, they generally perceive interpersonal knowledge-seeking as less valuable
and codified knowledge-seeking as equally or more valuable.
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5,0

4,5

4,0
Interpersonal
KS

3,5
Codified KS

3,0

2,5
<1 year
(n=38)

1-2 years
(n=59)

2-5 years
(n=65)

5-10 years
(n=20)

10> years
(n=21)

Figure 7: Knowledge-seeking behavior of different experience groups

5.3. Alternative conceptual framework
The post-hoc analyses identified factors that explain FSE knowledge-seeking behavior, and
provided insight in how both types of knowledge-seeking influence problem-solving
performance. These new learnings contradict the hypothesized conceptual framework in
this study. Consequently, based on the outcomes of the post-hoc analyses, I propose an
alternative conceptual framework that can service as basis for further research. The
foundation for this alternative model is the well-established motivation-opportunityability (MOA) framework, which has been applied in various management disciplines (e.g.
(Binney, Hall & Oppenheim, 2006; Adler and Kwon, 2002), including knowledge
management (Argote, McEvily & Reagans, 2003). Previous studies pointed out that
employee motivation, opportunity, and ability are good determinants of work-related
behavior (Siemsen, Roth & Balasubramanian, 2008), and/or the effectiveness of such
behavior (Van der Heijden et al., 2013). Hereby, motivation denotes a person’s willingness
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to act. Besides, opportunity represents the environmental or situational mechanisms that
enable action, and ability captures an individual’s skills or knowledge base related to the
action (Siemsen, Roth & Balasubramanian, 2008; Rothschild, 1999).
The results of the post-hoc analyses suggest that motivation and opportunity play a key
role in an FSE’s decision to seek for knowledge during problem-solving actions. Intrinsic
motivation shows a direct positive relationship with codified knowledge-seeking.
Moreover, gatekeeper access and empowering leadership –both environmental factors that
enable action– are related to interpersonal and codified knowledge-seeking behavior,
respectively. While the frequency FSEs seek for knowledge seems to be driven by their
motivation and opportunity to engage in such behaviors, the effectiveness of knowledgeseeking interactions appears to be highly contingent upon on an FSE’s ability to find the
right knowledge and convert this knowledge into successful problem-solving actions. On
the interpersonal level this ability to find the right knowledge is captured by transactive
memory. That ability seems to explain the effectiveness of knowledge-seeking rather than
the frequency of knowledge-seeking, can be clarified by the fact that every FSE, regardless
of their skills or knowledge base, is able to engage in knowledge-seeking interactions.
Nowadays, FSEs can find every organizational individual via people repositories, and
contact them remotely via communication technologies. Similarly, knowledge repositories
are available anywhere and anytime. Nevertheless, the degree to which these knowledgeseeking behaviors are actually rewarding may be dependent on an FSE’s ability to find and
use the right knowledge in a timely manner.
Figure 8 depicts this alternative framework where motivation and opportunity act as
antecedents of interpersonal and codified knowledge-seeking, and where ability moderates
the relationships between knowledge-seeking and solving power. Although the outcomes
of the current study point towards this conceptual model, the empirical foundation
remains fairly weak. Future research could further explore the validity of this framework,
by replicating this study in new settings and investigating additional MOA variables.
Interesting would be for instance to include extrinsic motivators, local environmental
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factors, and variables that measure an FSE’s ability to interact with others or search
knowledge via electronic sources.

Figure 8: Proposed alternative framework.
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6. Discussion
The objective of this study was to explore factors that influence FSE knowledge-seeking
behavior during problem-solving, and investigate how knowledge-seeking behavior affects
a FSE’s ability to solve system issues. Building on the concept of transactive memory, and
the differentiation between interpersonal and codified knowledge-seeking, the current
study provides insights in how companies can enhance the problem-solving performance
of their FSEs. These insights are based on an empirical study that uses both primary and
secondary data. As such, this study contributes to existing literature on knowledge-seeking,
transactive memory and FSE problem-solving. The main findings of this study are reported
in Table 19 and 20. Next, the key implications of these results are discussed.

Table 19: Summary of main hypotheses.
Hypotheses

Results

H1: Transactive memory positively influences interpersonal knowledge-seeking
H2: Transactive memory positively influences codified knowledge-seeking
H3: Interpersonal knowledge-seeking positively influences FSE solving power
H4: Codified knowledge-seeking positively influences FSE solving power
H5a: Extroversion strengthens the positive relationship between transactive memory and
interpersonal knowledge-seeking
H5b: Extroversion weakens the positive relationship between transactive memory and codified
knowledge-seeking
H6a: Employee empowerment strengthens the positive relationship between transactive
memory and interpersonal knowledge-seeking
H6b: Employee empowerment weakens the positive relationship between transactive memory
and codified knowledge-seeking
H7a: Issue priority strengthens the positive relationship between interpersonal knowledgeseeking and solving power
H7b: Issue priority weakens the positive relationship between codified knowledge-seeking and
solving power
H8a: System complexity strengthens the positive relationship between interpersonal
knowledge-seeking and FSE solving power
H8b: System complexity weakens the positive relationship between codified knowledgeseeking and FSE solving power

Not supported
Not supported
Partially supported
Supported
Could not be tested
Could not be tested
Not supported
Not supported
Not supported
Not supported
Not supported
Not supported
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Table 20: Summary of additional analyses.
Analyses

Main findings

Post-hoc 1

FSEs that have access to a gatekeeper show greater interpersonal knowledge-seeking behavior.
In addition, intrinsic motivation and empowering leadership are antecedents of codified
knowledge-seeking.
Codified knowledge-seeking shows a significant positive effect on self-rated performance, and
interpersonal knowledge-seeking is not significantly related to self-rated performance. Thus,
the model with self-rated performance as the dependent variable reveals similar results to the
model with solving power as the dependent variable.
Transactive memory functions as the moderator on the relationship between interpersonal
knowledge-seeking and solving power. For FSEs with high transactive memory, interpersonal
knowledge-seeking does not influence their solving power. In contrast, for individuals that have
poor transactive memory, interpersonal knowledge-seeking generally improves solving power.
Knowledge-seeking from local databases demonstrates a high significant positive effect on
solving power. The effect of seeking interpersonal and codified knowledge sources from other
individuals is not significantly related to FSE solving power.
The interpersonal and codified knowledge-seeking constructs cannot be used as formative
constructs, as they do not meet the validity criteria.
The fact that the model with solving power as the dependent variable shows considerably
higher R-squared than the model with self-rated performance as the dependent variable is
explained by both the difference in sample size and the measure itself.
FSEs seem to seek less knowledge from interpersonal knowledge sources as they become more
experienced. Codified knowledge-seeking remains constant throughout the careers of FSEs.

Post-hoc 2

Post-hoc 3

Post-hoc 4

Post-hoc 5
Post-hoc 6

Post-hoc 7

6.1. Theoretical implications
First, this study introduces transactive memory as a personal quality. Previous studies
considered transactive memory as group (team or organizational) or relational property
(e.g., Borgatti & Cross, 2003; Lewis, 2003; Heavey & Simsek, 2015). The results of this study
indicate that transactive memory as an individual characteristic does not influence FSE
knowledge-seeking behavior. This contrasts with prior research that proposed transactive
memory as an enhancer of interpersonal interactions (Kotlarsky, Hooff & Huysman, 2009;
Borgatti & Cross, 2003), and knowledge repository usage (Valentine et al., 2019). As such,
transactive memory as individual characteristic might differently affect personal (and
impersonal) interactions, which was also suggested by Borgatti and Cross (2003).
Surprisingly, the post-hoc analyses show that transactive memory actually serves as
moderator on the relationship between knowledge-seeking and performance. FSEs that
have an awareness of who knows what within the organization need to seek interpersonal
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knowledge less often to achieve a high problem-solving performance than do their
counterparts with low transactive memory. This finding demonstrates that individuals with
high transactive memory require fewer interpersonal knowledge-seeking interactions to
obtain the necessary knowledge. This is in line with the findings of Alavi and Tiwana (2002),
who observed that transactive memory tends to bring about richer communication
interactions. Transactive memory enables FSEs to approach the right person within the
organization when they face a particular (and especially a scarce) issue, thus requiring them
to exert less effort to obtain the requisite interpersonal knowledge.
The knowledge provider might also be more willing to help organizational individuals that
they know personally (Levine, 2003). To convert an interpersonal knowledge-seeking
attempt into successful problem-solving action, FSEs must also persuade the knowledge
giver to provide them with the correct knowledge and must subsequently apply this
knowledge to the system issue. The outcomes of this study suggest that FSEs with high
transactive memory are generally more successful in these successive steps as well. The
post-hoc analyses also provide some empirical foundation for this assumption, as these
demonstrated that transactive memory is positively related to extroversion and learning
behavior. Because extroverts are generally better able to express themselves in a social
environment (Amichai-Hamburger et al., 2002), they may be more effective in “setting the
right tone” during interpersonal knowledge-seeking interactions, and thus acquiring more
leverage to obtain help than introverts. Moreover, FSEs characterized by high learning
behavior may be more capable to apply the obtained knowledge to their service issues than
their counterparts with low learning behavior. This builds on the findings of Edmonson
(1999, p. 380), who proposed that “fast-paced work environments require learning behavior
to make sense of what is happening as well as to take action.”
Second, this study is the first to empirically demonstrate the relationship between
knowledge-seeking behavior and FSE problem-solving performance. The results of the
study indicate that codified knowledge-seeking shows an unconditional positive
relationship with FSE problem-solving performance. Codified sources are accessible for all
FSEs independent of their geographical position or embeddedness in the firm’s social
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network (Valentine et al., 2019). These findings are in line with the those of Haas and
Hansen (2007), who found that seeking knowledge from knowledge repositories enhanced
the speed at which tasks were finished. The outcomes suggest that, for FSEs, seeking from
local (rather than global) knowledge repositories is most rewarding when solving system
issues. This finding is pursuant to the work of Desouza and Evaristo (2004), which
demonstrated that individuals are more likely to draft notes and working documents of
insights in local repositories than in global repositories. Also, they proposed that within
local databases, the delays between the moment knowledge is created and when it is posted
in the knowledge database are generally smaller, and that the knowledge withing these
databases is more tailored to the context in which it is created (e.g., client-specific, systemspecific, and in local language).
In contrast, the outcomes show that interpersonal knowledge-seeking behavior does not
necessarily lead to higher problem-solving performance. Only for FSEs with low levels of
transactive memory, the “the more the merrier” adage applies to interpersonal knowledgeseeking behavior. This finding sheds new light on how knowledge-seeking relates to work
performance, as previous research (e.g. Haas & Hansen, 2007; Durnham et al. 2009) did not
investigate the possibility of moderation. The current study also reveals that FSEs seek
interpersonal knowledge less frequently once they become more experienced. Therefore, it
seems that experience negatively influences the need and willingness of FSEs to ask help
from their colleagues. These results are in line with those of Sarti (2018), who found a
negative relationship between employees’ organizational experience and knowledge
sharing attitude. Social exchange theory may explain both knowledge-related behavioral
tendencies of workers with high organizational experience (Cropanzano & Mitchell, 2005).
For senior workers, interpersonal knowledge-seeking is often not rewarding to obtain new
insights as they have a larger job-related knowledge base than most of their coworkers.
Consequently, the social leverage created by sharing knowledge with others (which they
could use when they need help in the future) also is of less value. Thus, for experienced
individuals, the perceived costs of sharing or seeking for knowledge often exceed the
rewards.
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6.2. Managerial implications
This study offers useful insights and recommendations for service and knowledge managers
of multinational high-technology firms. The results suggest that interpersonal knowledgeseeking is highly beneficial to increase the solving performance of FSEs with a poor
understanding of who knows what within the organization. Individuals with low
transactive memory that often seek knowledge via interpersonal means even show equally
high solving power compared to colleagues with high transactive memory (regardless of
whether or not they seek frequently). Therefore, in order to enhance the uptime of their
products, managers should motivate and support FSEs on the periphery of the
organizational knowledge network to engage in interpersonal interactions during problemsolving. Valentine et al. (2019) suggested that individuals are generally struggling to access
knowledge when they: 1) have low firm-specific experience, 2) are not familiar to the team
they are working in, 3) work on small and remote locations, and 4) have a role that resides
low in the hierarchical structure.
This study demonstrate that gatekeepers can play a crucial role in enhancing interpersonal
knowledge-seeking behavior. Experienced engineers with a good understanding of the
location of capabilities and knowledge within the organization can serve as
“communication hubs” through which their less embedded counterparts can access the
organization’s social network (Allen, 1977). This can be formally organized through buddy
and mentoring programs (Chen, 2010), but also by designating an official gatekeeper role
to particular FSEs are able and willing to serve as knowledge broker (Jackson & Klobas,
2008). Because gatekeepers can refer and introduce their colleagues to the right person
within the organization, this will lower the hurdle for both the FSE and the expert to engage
in interpersonal interactions. As a result, these FSEs can also grow their own transactive
memory.
Furthermore, the results indicates that codified knowledge-seeking behavior enhances
problem-solving performance for all FSEs, regardless of their experience or position within
the organizational social network. Managers can enhance the codified knowledge-seeking
behavior of their FSEs by replacing traditional hierarchical management structures with
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empowering leadership. FSEs with leaders that delegate responsibility and promote selfreliance (Amundsen & Martinsen, 2014) tend to exhibit above-average codified knowledgeseeking behavior. The outcomes of this study further suggest that intrinsic motivation to
solve system issues positively affects knowledge-seeking behavior. As such, it is
recommended for leaders to put additional emphasis on enhancing the intrinsic motivation
of their workers, for instance by investing in their competence, providing autonomy and
fostering the feeling of mutual relatedness (Ryan and Deci, 2000).
The outcomes results of this study also reveal that local knowledge repositories are
generally a more beneficial source of knowledge than global databases during problemsolving activities. Desouza and Evaristo (2004) clarified this finding: they proposed that
individuals are more willing to contribute to local repositories than to global repositories,
and that knowledge within local databases is better maintained because providers retain
control over their knowledge. Thus, knowledge within local databases is often more
tailored to the issues that commonly arise on systems at local sites. This contrasts with the
current tendency of service firms to replace local repositories with large, company-wide
databases that accumulate all codified knowledge within the organization (Kankanhalli,
Tan & Wei, 2005). That being said, one benefit of global repositories is that they enable the
sharing of local learnings (problem-cause-solution characteristics), which prevents each
site from having to reinvent the wheel when they face rare issues that arose previously at
other sites (Valentine et al., 2019). However, for the vast majority of (general) issues the
knowledge in local databases suffices. Thus, it is advised that service and knowledge
managers at global firms investigate the use and usefulness of knowledge stored in local
databases. These insights could help to develop knowledge management structures that
combine the benefits of both centralized and local databases. One possibility is to create
hybrid knowledge repositories that integrate a central repository with global learning, and
local repositories that are maintained by local FSE communities.
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6.3. Limitations and future research
The current study has several limitations that present interesting opportunities for further
research. First, the outcomes of this study suggest that the MOA framework might very
suitable to explain the knowledge-seeking dynamics at the frontline. Motivation and
opportunity seem to enhance knowledge-seeking behavior of FSEs, and ability appears to
moderate the relationship between knowledge-seeking and problem-solving performance.
Future studies could further explore the validity of this framework. Hereby, a promising
direction would be to replicate this study with additional MOA variables, such as extrinsic
motivators, local environmental factors, and variables that measure an FSE’s ability to
interact with others or search knowledge via electronic sources.
Second, various measures within this research showed construct validity that did not meet
or barely met the minimum standards. For example, the extroversion measure indicated
very low internal consistency and could not be used in this research. Additionally, the way
in which the central knowledge-seeking constructs were constituted suggests that they
were, at least conceptually, formative constructs. However, both constructs did not meet
the validity criteria for formative constructs. Furthermore, some knowledge sources are
difficult to label as either interpersonal or codified knowledge sources (e.g., video lectures),
and the current knowledge-seeking construct is not capable of assessing the absolute FSE
knowledge-seeking frequency during problem-solving activities. Thus, this central
construct could be developed more thoroughly (as a formative construct) or measured with
objective company data (e.g., through the monitoring of FSE information and
communication technology).
Third, advancing the understanding of transactive memory as personal property presents
an intriguing field for future research. The results of this study demonstrate that transactive
memory does not function as an enhancer of FSE knowledge-seeking behavior but rather
moderates the relationship between interpersonal knowledge-seeking and solving power.
Further research could more accurately establish how transactive memory influences the
effectiveness of interpersonal interactions and could also identify the social and
motivational variables that are related to transactive memory.
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Fourth, the current research investigates how FSEs reactively seek knowledge based on the
particular system issues that they face and cannot solve with their existing knowledge base.
Another interesting angle of approach would be to investigate the antecedents of proactive
knowledge-seeking behavior in FSEs and the effect of proactive knowledge-seeking on an
FSE’s ability to solve system issues. This proactive behavior is typically not based on
particular issues but instead aims to increase the FSE’s overall understanding of the system
they work on. This research direction was also suggested by Crant (2000), who noted that
the role of cognitive and perceptual processes in a person’s engagement in proactive
knowledge-seeking behavior should be further investigated.
Finally, this study was conducted in one industry and utilized data from a single company
that employs FSEs in globally dispersed locations. Thus, the current study has an
explorative character. Moreover, this study could only obtain objective data for a fairly
limited portion of the total sample size, which limits the generalizability of the results.
Replicating this study’s analyses in different settings could enhance the understanding of
FSE knowledge-seeking behavior and could possibly also allow for the exploration of
confounding factors that the current study did not control for.
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Appendix 1: Knowledge-based view
Viewing companies as a bundle of tangible and intangible resources has long been a
tradition in economics (Wernerfeld, 1984). This resource-based view emerged in the 1980s
as a new framework to explain and predict why some firms are able to establish positions
of sustainable competitive advantage (Hart, 1995). In that time, dominant paradigms in the
field of strategic management, such as Porter’s five forces model (1980), emphasized the
impact of external factors on business performance (Theriou, Aggelindia & Theriou, 2009).
In contrast, resource-based theorists (e.g. Wernerfield, 1984; Barney, 1991) reasoned that
internal company-specific resources are the main source of sustainable competitive
advantage. Barney (1991) proposes that organizational resources only hold the potential of
sustained competitive advantages when they are valuable, rare, imperfectly imitable, and
non-substitutable.
Tangible company assets (e.g., land, buildings, and equipment) seldom meet these criteria
because such assets are relatively easy to acquire. In contrast, intangible company assets
(e.g., goodwill, brand recognition, and intellectual property) can often only be developed
over long periods of time and cannot be bought or sold. The resource-based view posits
that companies that build their strategies on these imitable, heterogeneous, and immobile
resources systematically outperform competitors that mainly depend on tangible assets
(Barney et al., 2001). Alavi and Leidner (1999) note that the inimitability arises from several
resource characteristics, including social complexity (such as organizational culture),
causal ambiguity, and historic conditions. Resource-based theorists suggest that managers
should identify and promote internal assets, capabilities, and competencies that have the
potential to deliver a competitive advantage.
During the late 1980s and early 1990s, a number of authors (i.e., Winter, 1987; Demsetz,
1991; Kogut & Zander, 1992) theorized that knowledge is the most fundamental
organizational resource. This stream of research has come to be described as the
knowledge-based view of the organization. Whereas the resource-based view perceives
knowledge to be one of the many intangible resources that could act as a source of
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sustainable competitive advantage, knowledge-based theorists consider knowledge-based
capabilities as a firm’s primary source of value (Theriou, Aggelindia & Theriou, 2009). Grant
(2002), however, states that the knowledge-based view builds on the resource-based view
and is not a separate theory in any formal sense.
The knowledge-based view proposes that organizational performance is primarily
dependent on companies’ ability to create, share, and capitalize on complex and specific
knowledge (DeCarlolis & Deeds, 1999). The rationale behind this perspective is that these
knowledge assets are “often subtle or difficult to understand or copy by outside observers”
(Alavi & Leider, 1999, p.4). This knowledge is embedded in the organizational culture and
in the company’s identity, routines, documents, and employees (Grant, 1996; Alavi &
Leidner, 1999). Several authors also provided empirical support for these claims. Bierly and
Chakrabarti (1996) found that firms that pursue knowledge strategies focused on aggressive
internal and external learning are linked to higher profits. The findings of Dröge et al.
(2003) suggest that companies that extensively use knowledge from their suppliers, internal
sources, and customers show higher ﬁnancial performance relative to those that apply such
knowledge less extensively.
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Appendix 2: Knowledge management
The knowledge-based view enlightened attention to the role of knowledge within
organizations. Not long after its inception, strategies were developed for managing (e.g.,
manipulating, storing, and distributing) existing knowledge assets and creating new
knowledge that forms the foundation of sustainable competitive advantage (Nonake & Van
Krogh, 2009; Alavi & Leidner, 2001). However, nearly a decade passed before knowledgerated topics fully captured the attention of managers (Vera & Crossan, 2003). Currently,
most large companies have explicitly recognized the role of knowledge management in
their organizational charts, and knowledge-related projects are often associated with large
budgets (Vo, 2012).
According to Sharma and Block (2005, p. 2.), knowledge management refers to “a
systematic and organizationally specific process for acquiring, organizing, and
communicating both tacit and explicit knowledge of employees so that other employees
may make use of it more effective and productive in their work.” Effective knowledge
management is proposed to increase a firm’s innovativeness and responsiveness
(Hackbarth, 1998; Darroch, 2005). Sharma and Bock (2005) suggest that there are two
approaches to knowledge management: a personalization approach aimed at directing
people to share and seek knowledge interpersonally and a codification approach that
focuses on knowledge storing and retrieval.
Modern information and communication technologies have created new opportunities for
both the personalization and codification approaches of knowledge management.
Communication technologies and people repositories were implemented on a large scale
in recent years to facilitate interpersonal interactions. In addition, many firms invested in
intranets, knowledge repositories, and data warehouses to enhance knowledge access (V0,
2012; Valentine et al., 2019). However, due to this focus on technology, the people-oriented
side of knowledge management is often overlooked. As noted by Alvession and Kärreman
(2002, p. 996), knowledge management is not a matter of implementing communication
technologies or building large electronic libraries; “it is rather about connecting people so
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that they can think together.” Nonaka (2005) asserts that information technology does not
create knowledge itself; it cannot even enhance knowledge generation or sharing in a
corporate culture that does not support these activities. Thus, it is important that
corporations find the right balance between interpersonal and technological strategies of
knowledge management.
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Appendix 3: Definitions and typologies of knowledge
The knowledge-based view of the company raises a question: what exactly is knowledge?
Grant (1996, p. 110) observes that “this question [of what knowledge is] has intrigued some
of the world’s greatest thinkers from Plato to Popper without the emergence of a clear
consensus.” Vo (2012, p. 78) similarly notes that “philosophers, theoreticians and
practitioners alike have been deliberating the nature of knowledge for years.” Knowledge
is not a simple or straightforward subject. Alvesson and Kärreman (2001) suggest that the
complexity of knowledge arises from the fact that there are many highly diverse
understandings of knowledge. They conceptualize knowledge as “inconsistent, vague,
broad, two-faced and unreliable” (p. 997).
The current subchapter does not engage in the debate on what knowledge is; instead, it
outlines various perspectives on what knowledge is and in which types it is available.
Understanding these taxonomies of knowledge is important because they serve as a
foundation for theoretical developments in knowledge management (Alavi & Leidner,
2001). Below, two contrasting philosophical streams are examined: positivism and
interpretivism. The pluralistic perspective of knowledge is also discussed together with
accepted (pluralistic) categorizations of knowledge.

A. Positivist perspective
For a long time, the positivist perspective (also known as the objectivist perspective) has
been dominant in the social sciences (Nonaka & Peltokorpi, 2006). Positivism is a
philosophical doctrine that emerged in the 20th century and was based on the idea that the
social world can only be studied scientifically (Hislop, 2005). Myers (2017, p.108) indicated
that “one of the most basic assumptions of positivism is that reality is objectively given and
can be described by measurable properties which are independent of the observer and his
or her instruments.” Consequently, for a positivist, there are only two kinds of meaningful
statements: “those that are logically true, such as those concerning the nature of
mathematics or language, and those that are verifiable through empirical observation”
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(Elden, 2009, p. 145). From this perspective, anything that cannot be verified through logic
or observation does not exist. Thus, this doctrine rejects metaphysics and theism (Caldwell,
1994).
With regard to knowledge, positivists believe that it can only take an objective and
universal form that is free from any individual subjectivity (Vera & Crossan, 2003; Hislop,
2005). Therefore, they propose that knowledge represents “objective facts about the world
that do not depend on interpretation or even the presence of any person” (Nonaka &
Peltokorpi, 2006, p. 75). Positivists also believe that knowledge always takes an explicit
form and thus can be codified, stored, and transmitted (Vo, 2012). Hislop (2005, p. 17) states
that, from a positivist perspective, “knowledge is regarded as an entity/commodity that
people possess but which can exist independently of people in a codifiable form.” Tacit
knowledge, which is difficult to articulate in an explicit form, is perceived as inferior
because it is subjective and based on the assumptions of those who possess and use it
(Sayer, 1992). Currently, positivism is still the most commonly used paradigm in
information systems (Myers, 2017).

B. Interpretative perspective
The positivist view has been increasingly challenged by interpretative philosophies (also
known as the practice-based perspective), which argue that reality cannot be understood
as an objective thing (Vera & Crossan. 2003; Nonaka & Peltokorpi, 2006). As noted by Myers
(2017, p. 108), “interpretive researchers assume that access to reality (given or socially
constructed) is only through social constructions such as language consciousness, shared
meanings, and instruments.” Thus, they assume that research is subjective and is never
completely unbiased (for example, by the researcher’s background or the methods used).
Interpretivists’ research methods are aimed at understanding the context of phenomena
and the process whereby they are influenced (Myers, 2017). As a result, this philosophy
generally prefers qualitative analysis over quantitative analysis.
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Interpretivists emphasize the subjective, tacit, situational, and dynamic dimensions of
knowledge (Alvesson & Karreman, 2001). Vo (2012, p. 80) asserts that “knowledge is situated
in the historical, social and cultural contexts in which it arises.” Whereas positivists believe
that knowledge is a commodity and is something that people possess, interpretivists
understand that knowledge is socially constructed and thus place particular emphasis on
the process in which it is created (Chiva & Alegre, 2005). Interpretivist McDermott (1999,
p. 106-107) asserts that “knowledge is always recreated in the present moment […]. It is
largely invisible and often comes to mind only when we need it to answer a question or
solve a problem.” Nicolini, Gheranci, and Yanow (2003) posit that knowledge is practicebased and acquired through some form of participation that is continuously reproduced
and negotiated. Because interpretivists believe that knowledge emerges from subjective
experiences, they emphasize tacit knowledge over explicit knowledge.

C. Pluralistic perspective
Yet another group of authors proposed an alternative perspective on knowledge that
combines aspects from both positivism and interpretivism. They suggested that knowledge
has both objective and subjective dimensions. As a result, different categories of knowledge
have been developed and used to examine the various strategies through which these types
of knowledge are generated, shared, and managed within organizations (Vo, 2012). Cheng
(2015) suggests that this pluralist perspective is the foundation of personalization and
codification knowledge management strategies. Below, three typologies of pluralistic
perspectives of knowledge are discussed.

Explicit and tacit knowledge
The most well-known typology of knowledge is the distinction between explicit and tacit
knowledge. These two dimensions of knowledge were formulated by Nonaka (1994), who
drew on the works of Polanyi (1962; 1966). Polanyi (1966) indicates that knowledge that can
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be expressed in words and numbers does not represent the entire body of knowledge that
exists and states that “we can know more than we can tell” (p. 4). Nonaka (1994) defined
the dimension of knowledge that can be articulated, codified, and communicated as
“explicit knowledge.” In turn, “tacit knowledge” is described as the body of knowledge that
is “unarticulated and tied to the senses, movement skills, physical experiences, intuitions,
or implicit rules of thumb” (Nonaka & Von Krogh, 2009, p.635). Mental schemes, insights,
know-how, and skills are often categorized as tacit knowledge because they are difficult to
express and are deeply rooted in action and involvement within a specific context (Nonaka,
1994; Nonaka & Takeuchi, 1995). Tacit knowledge may even be subconscious (Hislop, 2005)
Hislop (2005) proposes that there are two views on the tacit-explicit dichotomy. One set of
authors suggests that knowledge exists along a continuum (Nonaka & Von Krogh, 2009).
Edmondson et al. (2003) indicate that, at one end of the spectrum, knowledge is mainly
explicit, and at the other extreme, knowledge is predominantly tacit. They also believe that
knowledge can be converted from one form to another (this is the concept of “knowledge
conversion”). Spender (1996, p.50) notes that “the boundary between explicit and tacit
types of knowledge is both porous and flexible, so there is traffic between the domains.” A
contrasting view holds that tacit and explicit knowledge do not represent two extremes of
a spectrum but are instead two pure and separate forms of knowledge (Hislop, 2005). From
this perspective, knowledge is either explicit or tacit. Typically, this polarized view on
knowledge is argued based on the work of Polanyi (1962).

Knowledge, information and data
According to Albert Einstein, “knowledge is experience. Everything else is just information”
(McDermott, 1999). In line with this quote, Machlup (1983) suggests that knowledge is
different from information and data and proposes that they have a hierarchical
relationship. This definition of knowledge is mainly dominant in information technology
literature (Alavi & Leidner, 1999). In this framework, data is lowest in the hierarchy and
represents “raw numbers, images, words, and sounds which are derived from observation
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or measurements” (Hislop, 2005, p. 15). Data is a set of discrete facts about certain events,
which in itself does not provide any meaning. Thus, it is essentially the raw material for the
creation of information (Alavi & Leidner, 1999).
According to Machlup (1983), data becomes information when some intellectual input has
been added to the data—for example, when it is arranged in meaningful patterns. Unlike
data, information has meaning and relevance because it is shaped according to a purpose.
In this typology, knowledge is viewed as broader, deeper, and richer than data or
information. Hislop (2005, p. 15) indicates that “knowledge can be seen as data or
information with a further layer of intellectual analysis added, where it is interpreted,
meaning is attached, and is structured and linked with existing systems of beliefs and
bodies of knowledge.” Davenport and Prusak (1998, p.4) define knowledge as “a fluid mix
of framed experience, values, contextual information, and expert insight that provides a
framework for evaluating and incorporating new experiences and information.” Therefore,
within this typology, knowledge is tacit and cannot truly originate outside of the head of
an individual, nor it is ever complete outside of an individual (Fahey & Prusak, 1998).

Know-what, know-how and know-why
Garud (1997, p. 83) suggests that, in the context of technological systems, “knowledge
represents an understanding of the principles that underlie their functioning, processes
employed to create them, and the uses that these technological systems serve.” He defined
these three levels of knowledge as know-why, know-how, and know-what, respectively.
According to King (2009), know-what represents the lowest level of knowledge. This type
of knowledge specifies what action to take based on a particular event. For example,
knowledge about what tool is needed to open the covers of a system is a form of knowwhat. However, the relationship between stimulus and response is often not
straightforward. In these cases, which are characterized by uncertainty, know-how
knowledge is needed. Know-how represents knowledge on how to decide on an appropriate
action (King, 2009). This type of knowledge permits a professional to determine which
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alternative is best given a certain event. Finally, know-why is viewed as the highest form of
knowledge. In the context of technological systems, know-why embodies a deep
understanding of the construction of each component and the interaction between them
(Garud, 1997). As noted by King (2009, p.4), know-why involves “an understanding of
underlying theory and/or a range of experience that includes many instances of anomalies,
interaction effects and exceptions to the norms and conventional wisdom of an area.”
According to Garud (1997), know-what is obtained through the process of learning-bystudying, know-how through learning-by-doing, and know-why through learning-byusing. In this typology, know-what is the most explicit and know-why the most tacit type
of knowledge.

D. Reflection
The variety in these different perspectives demonstrates that there is no generally accepted
definition of knowledge. Nevertheless, it also indicates that knowledge is a broad concept
that can be expressed as two extremes and everything in between: on the one hand, a
subjective, unarticulable, and even subconscious form, and on the other hand, a definable,
factual, and expressible form. Davenport and Prusak (1998, p.4) propose that
“organizational success and failure can often depend on knowing which of [the two
extremes] you need, which you have, and what you can and can’t do with each.” Nonake
and Takeuchi (1995) also suggest that an organization should try to locate inexpressible
knowledge and translate this into codified form.
Although these typologies provide a theoretical distinction between each concept, it is
often troubling to label a certain form of understanding or information and to define when
one form of knowledge becomes another (Raber, 2003; Alavi & Leidner, 1999). In line with
Brown and Duguid (2001), I believe that strict categorization of knowledge is in practice
often not possible nor relevant. As Ryle (1949) states, knowing the rules of chess does not
explain how to play chess. Similarly, in utilizing the know-what, know-how, and know-why
distinctions of knowledge, the highest form—know-why knowledge—is neither actionable
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nor useful on its own. For an FSE, detailed insight into how a subsystem works is only
beneficial in combination with the practical skills and experience to work with these
systems and vice versa. Therefore, this thesis does not differentiate between distinct types
of knowledge. The term “knowledge” is used broadly, referring to any type of insight that
can help an FSE solve a particular issue. In addition, Case (2007) suggests that the terms
“information” and “knowledge” are not clearly delineated in studies on information
behavior. Thus, in this study, the terms “information seeking” and “knowledge-seeking” are
used interchangeably.
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Appendix 4: Correlation analysis of discarded respondents
Correlations (N=128)
Mean SD
1
2
3
4
5
6
7
8
9
10
11
12
(1) Self-rated performance 3.62
.68
1
(2) Interpersonal KS
3.11
.71
.110
1
(3) Codified KS
3.93
.73
.181* .186*
1
(4) Transactive memory
3.52
.77
-.050 .115
.074
1
(5) Gatekeeper access
3.16
.98
.061
.359** .132
.150** 1
(6) Intrinsic motivation
4.06
.63
.140
.162
.319** .376** .156
1
(7) Empowering leadership 3.63
.79
.143
-.051
.278** .101
.196*
.122
1
(8) Power distance
2.21
.79
-.029 .009
-.185* -.064
.024
-.188* -.047 1
(9) Individualism
2.40
.71
.149
-.009
-.124
-.116
-.028
-.200* -.049 .135
1
(10) Age
37.76 8.95 .084
-.103
.075
.084
.023
.088
.059
-.002 .102
1
(11) Experience
8.38
7.27 .083
-.190* .119
.043
-.182* .002
.016
-.041 .125
.620* 1
(12) Role
.28
.47
.009
.087
.183*
.003
.061
-.017
.113
-.075 .047
.213* .217* 1
(13) System complexity
.29
.44
.172
-.112
-.181* -.118
.040
-.031
.151
-.003 -.032 .051
-.119 .-016
* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)
^ Age and job experience are measured as continuous variable (used for mean and SD), but the correlations are based on age and experience groups.
Role and system complexity are measured as dummy variable with 0= 1st line and 1= 2nd line and 0=DUV and 1=EUV, respectively.
CBI refers to confidential business information
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