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A B S T R A C T

Information system development can be considered a collaboration between users and developers. The

inability to leverage the localized knowledge embedded in these two stakeholders hinders software

development work to achieve high performance. Exploring the ways to counter this difficulty is then

critical. This study applies an intellectual capital perspective to address the issues around spanning the

knowledge boundary between developers and users. Our findings highlighted how important effective

knowledge boundary spanning is to both product and project quality. Furthermore, three dimensions of

intellectual capital increased the degree to which knowledge boundary spanning was effective.

� 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Multidisciplinary collaboration, such as cross-functional teams
within an organization [11], or collaboration among organizations
with different expertise [49], has become common in organiza-
tions for leveraging multiple knowledge bases to create innova-
tions. Benefits are expected from multidisciplinary collaboration,
including addressing the complexity of current phenomena [45],
extending the solution space by bringing multiple perspectives
[35], generating a wide variety of ideas and producing more
creative designs [72,40]. However, challenges appear, especially
when such collaborations cross the boundaries between specializa-
tions. For example, conflicts arise and collaboration may be
dysfunctional when goal and value diversity are driven by
professional differences [27], and communication can be ineffective
as it always involves a long process of term definition negotiation in
multidisciplinary collaboration [59]. These examples collectively
highlight the not-to-be-ignored effect of the ‘‘knowledge boundary’’
in multidisciplinary collaboration [11,12]. Knowledge boundary

refers to the knowledge delivery problems in which the tacit and
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sticky nature of localized knowledge may actually hinder problem
solving and knowledge creation across functions [57,9]. In practice,
this specialization of knowledge increases the difficulty of
collaborating across functional boundaries and accommodating
knowledge developed in other practices [11].

In the information system (IS) area, a typical example of
multidisciplinary collaboration is the IS development (ISD) process
in which users and IS developers work together to counter
requirements risks and generate better outcomes [38]. Requirements

risk is the possibility that the elicited requirements will be of low
quality, such as incorrect or invalid requirements [84,70]. Failing to
elicit correct requirements in the design stage could increase the
difficulty in the late stages of IS development [28,56]. Project teams
may need extra resources and time to achieve predefined goals, and
the developed system may not fully support users’ daily work [64].
Studies have proposed ways to improve the quality of requirements
elicitation, including development methodologies, tools and design
paradigms [61,31]. In addition, empirical studies also emphasized
the importance of including users in the requirements elicitation
process to ensure success [36].

However, simply involving users in the system development
process is far from sufficient. After decades of studying, academic
researchers show inconsistent results on the effect of user
participation [36,42]. Project performance may still be low even
when users are included [47]. Even though contingency theory is
widely adopted to explain the inconsistent findings [39], few
studies attempt to answer this question from the process of or
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activities in user participation. This suggests the need to
investigate this issue from a different perspective. For example,
from a boundary spanning perspective, to obtain higher quality
requirements, developers have to understand users’ needs,
translate user requirements into system features, and even
negotiate with users about what the system should be and how
processes could be improved. Since users and IS developers have
different expertise and interests in their working domains, quality
requirements can be created only when the knowledge boundary is
successfully overcome.

Information system development is a knowledge intensive
process in which business knowledge from users and technical
knowledge from developers are considered the most critical
resources. By viewing the elicited requirements as new knowledge
jointly created by users and developers, the interaction process
between these two parties for requirement elicitation can then be
regarded as a knowledge boundary spanning process. Ineffective
knowledge boundary spanning between users and developers may
result in inadequate requirements and hinder final performance.
This also highlights the importance of identifying what must be
available within the organization or project team for effective
knowledge boundary spanning. Since an ISD project is a knowledge
intensive process and knowledge is counted as the most critical
resource, intellectual capital serves as a good starting point for
investigating this issue. Current research suggests that user–IS
interactions can be better achieved with mutually shared
knowledge, a smooth relationship and appropriate mechanisms
for collaboration [78,86]. These concepts are aligned with the
intellectual capital theory which suggests that the intellectual
materials (e.g., knowledge, information, intellectual property, and
experience) allows the organization to produce a higher-valued
asset [74]. Distinguishing human, relational and structural types of
capital [8], the intellectual capital theory has been adopted to
understand knowledge contribution [87] and the quality of
knowledge sharing [82,81].

Applying the intellectual capital perspective, this study
examines how the various types of intellectual capital between
users and IS developers contribute to overcoming knowledge
boundaries. The research questions include: (1) ‘‘Can effective
knowledge boundary spanning between users and IS developers
help improve ISD performance?’’ and (2) ‘‘Can intellectual capital
facilitate effective knowledge boundary spanning between users
and IS developers?’’ By answering the above questions, this study
contributes to the ISD project management area by showing the
importance of knowledge boundary spanning. Past studies largely
adopted the participation concept and examined the positive and
negative effects of user engagement on project performance. We
introduce the knowledge boundary concept into this research
stream and argue that, in order to better utilize expertise, both
developers and users need to cross the knowledge boundary
between them. In addition, we also identify possible approaches
that can be used to facilitate knowledge boundary spanning. Those
identified approaches may serve as guidance for managers to
overcome knowledge boundaries in practice.

The rest of this paper is organized as follows. In the next section,
related literature is reviewed and hypotheses are provided. The
research method is introduced in Section 3. Data analysis and
discussion are then followed by the conclusion.

2. Literature

2.1. Knowledge boundaries and boundary spanning

A knowledge boundary is a kind of barrier or gap that prohibits
effective knowledge delivery across functions and among experts
[9,10]. In contrast to current research, which suggests such factors
as motivation [88,2,32], cultural issues [51], transfer channels
[2,32] and absorptive capacity [32,14], studies of knowledge
boundaries are specifically concerned with the barriers caused by
local knowledge itself in the process of knowledge delivery and
sharing [11,12]. Past literature addresses knowledge boundaries
from three main perspectives. The first stream of research regards
knowledge as something to be captured, stored and retrieved
[11,24]. This stream takes an information processing perspective (or

engineering approach [24]) and puts emphasis on developing a
common lexicon for effective knowledge delivery [24,44,26]. The
second stream of research concerns the tacit, sticky and situated
nature of knowledge. Therefore, this stream stands on the
interpretive perspective and focuses on common meanings to share
knowledge between actors [83,43]. The third stream of research
stresses the social perspective and acknowledges how different
interests impede knowledge sharing and, therefore, emphasizes
the importance of goal consensus building to facilitate knowledge
delivery [24,50,29].

Carlile integrated these three streams and developed a
comprehensive framework to manage knowledge boundaries
[11,12]. The basic argument of this framework is that knowledge
within a function actually hinders problem solving across
functions because knowledge is localized, embedded and invested
in practice [11], as well as socially constructed among profes-
sionals [21]. The specialized, socially constructed and embedded
nature of knowledge increases the difficulty of working across
functional boundaries and accommodating knowledge developed
in another practice [21].

Carlile further suggests that knowledge boundaries can arise in
different degrees of novelty, specialization and dependence.
Novelty refers to the degree to which the circumstances are
unusual [12]. Specialization is the difference of the amount and type
of domain-specific knowledge. It determines the amount of effort
needed to adequately share and assess each other’s knowledge
[12]. Dependence refers to ‘‘a condition in which two entities must
take each other into account if they are to meet their goals’’ [12].
Carlile [11,12] also identified three knowledge boundaries:
syntactic, semantic and pragmatic, as shown in Fig. 1.

First, a syntactic knowledge boundary occurs when knowledge is
low in novelty, specialization and dependence. This knowledge
boundary refers to the lack of a shared syntax and creates the
concern that information may not be processed properly across a
given boundary. This boundary highlights the need for actors to
establish a shared and stable syntax to ensure accurate communi-
cation across a boundary and to solve challenging communication
and information processing problems [11,71]. Knowledge transfer is
the major purpose of syntactic boundary spanning. A common
lexicon created by the storage and retrieval of knowledge can
facilitate knowledge transfer across the syntactic boundary [16].
When the created common lexicon sufficiently specifies the
differences and dependencies of consequence at the boundary, it
can function as a boundary object to facilitate knowledge transfer
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and information processing between senders and receivers. In
general, having more information, more communication and more
teamwork strategies improves information processing quality,
thus spanning the syntactic knowledge boundary [11].

Second, a semantic knowledge boundary occurs when the
novelty, specialization and dependence of knowledge rise to a
certain level. This knowledge boundary refers to a condition that,
even when a common syntax is present, different interpretations of
the common syntax make communication and collaboration
difficult [11]. It is not unusual for the same word to have different
meanings in different functional settings. This knowledge bound-
ary concerns learning about the sources that create interpretive
differences in a boundary [11]. Therefore, collaborators need to
consider the tacit, individual, and context-specific aspects of
knowledge creation and transfer in order to span the semantic
boundary [58,46]. This implies that knowledge translation is needed
to cope with a semantic boundary. Translation aims at dealing with
semantic differences among actors. Error-free knowledge transla-
tion is required in order for actors to grasp and convey the actual
meaning of knowledge delivered from their counterparts, and to
avoid misinterpretation [3]. Effective translation relies on the
existence of a mutual understanding which can make tacit
knowledge explicit across a boundary [57]. Common or shared
meanings ensure accurate translation and interpretation of the
knowledge across the semantic boundary and, therefore, provide
an adequate means of sharing and assessing knowledge at a
boundary. Collocation, shared tools or methodologies, boundary
spanners [34], transactive memory [2,1] and community of
practices [10,43] are suggested by previous literature as useful
ways to developing shared meanings [12].

Third, the term pragmatic knowledge boundary refers to the
challenges in which a common interest has to be achieved when
participants negotiate with each other on the scope, consequences
and conflict solutions of knowledge delivery [20]. The interactions
across functions are not inconsequential. Individuals from each
function may have to alter their own knowledge and influence or
transform the knowledge used by the other function. Conflict may
erupt when interactions are consequential. When differences,
dependencies and novelty are high, conflicts among the actors will
surface when their goals of knowledge delivery contradict each
other [11,20]. To solve the conflicts that potentially generate
negative consequences, the actors have to engage in a process of
presenting current knowledge, creating new knowledge, and
learning the consequences within and across functions, and then
they have to transform knowledge accordingly [11]. This process
is the so-called knowledge transformation. Shared artifacts, such as
drawings and prototypes, acting as boundary objects, have proven
effective in providing a concrete means of representing different
functional interests and facilitating negotiation and transforma-
tion [12].

2.2. Requirements definition as user–IS developer knowledge

boundary spanning

In ISD, requirements definition is an important stage in which
to elicit, document, define, and refine user requirements [69].
Incomplete, unclear and inadequate requirements may result in
information system failure [48] and cause significant difficulties
during the subsequent ISD process [15]. For example, inadequate
requirements increase residual risks and difficulties in planning
and control, thus decreasing IS performance [85,56]. Thus,
determining the actual requirements and eliminating the uncer-
tainty caused by requirements problems as early as possible are
critical to controlling the process and quality of IS development.

Effective requirements definition is a collaborative behavior
that relies on effective communication and interaction between
different stakeholder groups such as users and IS developers [54]. It
involves integrating business knowledge with IS knowledge to
accurately design the system and completely fulfill users’ needs
[79,37,19]. In this light, how well the system design can capture
the business process cannot be determined solely by the IS
developer’s ability to craft a system to support business operations.
Users need to contribute their business domain knowledge to help
IS developers carrying out of the design. By transferring knowledge
to each other, users and IS developers can blend their own
knowledge with the transferred one for clarification of the
requirements, thus reducing requirements uncertainty and
achieving a better system design [39].

From a knowledge boundary spanning perspective, the
requirements definition process involves a series of activities in
exchanging, integrating and utilizing knowledge from users and IS
developers to solve business problems. It requires IS developers to
understand and elicit information from the application domain,
and to generate requirement specifications by transferring,
representing and detailing the accumulated information [69].
Final system performance is determined by how effectively
specialized knowledge possessed by the participants is integrated
[61]. This kind of knowledge integration includes establishing
shared syntax, semantics, and interests in the ISD process so that
specialized knowledge can be transferred, translated and trans-
formed [12,61].

We therefore regard requirements definition as a typical process
of knowledge boundary spanning. At the syntactic level, users and
developers have to build common lexicons and increase communi-
cation with their counterparts [11]. In the requirements determina-
tion stage, these two parties need to interact with each other
frequently to share data, information, workflows, reports and
technical terms, and improve communication and information
processing quality. These interactions can facilitate knowledge
transfer and decrease the uncertainty of requirements definition. At
the semantics level, while developers and users hold different
interpretive schemes and mental models, different interpretations
and distinctive meanings of the details of the IS application may be
observed. Those semantic level differences include requirements,
system architecture, technology feasibility, and process design. To
bridge the semantic knowledge boundary, users and IS developers
need to build a mutual understanding to facilitate mutual learning.
As a result, they can grasp and translate the actual meaning of
knowledge delivered from their counterparts to avoid misunder-
standings [12]. At a pragmatic level, users and IS developers need to
negotiate with each other regarding the scope of the IS application,
and resolve conflicts so as to construct common goals and interests
for the IS development. For example, a prototype is usually used by IS
developers as a boundary object to negotiate system features,
project objectives and scope in order to achieve effective
knowledge transformation. The above discussion indicates that
the requirements definition process is a typical example of
knowledge boundary spanning in which users and IS developers
collaborate with each other to create accurate requirements through
effective knowledge transfer, translation and transformation.

2.3. Bridging knowledge boundaries via intellectual capital

As indicated, in order to produce an IS which can satisfy
business needs, the users and IS developers have to share
individual knowledge, as well as to assimilate what has been
shared by their counterparts. That is, they have to cope with the
knowledge boundaries in order to create new knowledge to solve
business problems [30]. Previous research has dealt with the
interaction between users and IS developers from various
perspectives. For example, Grant [30] proposed that the mutual
understanding that existed between participants determined the
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efficiency of knowledge integration; Tiwana and McLean [80]
emphasized that stakeholder relationships were key to effective
knowledge integration; Swanson [75] confirmed that user
participation was critical to enhancing requirements acquisition.
Since these concepts align with the premise of intellectual capital,
we therefore consider intellectual capital to be our foundation as
we attempt to understand its effects in facilitating knowledge
boundary spanning between users and IS developers.

2.3.1. Intellectual capital

Introduced by John Kenneth Galbraith in 1969 [7], with a major
breakthrough made subsequently by Stewart [74], intellectual
capital refers to intellectual materials (e.g., knowledge, informa-
tion, intellectual property, and experience) which can be formal-
ized, captured and leveraged to give an organization a competitive
edge by producing a higher-valued asset [74]. Similarly, Bontis
considered an organization’s intellectual capital to be the wealth of
ideas and innovative ability which could contribute to the
competition [8]. Extending from Stewart [74], Bontis [8] further
proposed intellectual capital as a second order construct com-
prised of human capital, structural capital and relational capital.

Human capital refers to an organization’s members’ ability to
provide solutions for customers and creating innovation [74]. It
includes the competencies (i.e., knowledge and skills), attitude
(i.e., motivation and leadership) and intellectual agility (i.e.,
innovation and entrepreneurship) of an organization attempting
to provide innovative solutions for customers [74,68]. Human
capital is regarded as a source of innovation and strategic renewal
which generates value and gives an organization a competitive
advantage [18].

Structural capital refers to the mechanism which allows human
capital to be used repetitively and then create value [74].
According to Bontis [8], structural capital deals with organization
mechanisms and structures that support members in order to
achieve business performance. Specifically, structural capital can
be organizational routines and structures capable of enhancing
effective interactions among stakeholders [60].

Relational capital is the intangible resources that an organiza-
tion holds, including knowledge embedded in the interactions
among customers, suppliers, the government and related industry
associations [8]. Stewart [74] defined relational capital as the value
of an organization’s relationships with the people with whom it
does business.

Intellectual capital was shown to have a positive impact on an
organization’s performance [7]. In this study, we apply it at the
project level and argue that intellectual capital is critical for final
project outcomes as well, based on the following two reasons. First,
an ISD team can be viewed as a small organization in which the
team members act on their intellectual resources to produce an
E
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information system. Second, it is well known that ISD is a
knowledge intensive process in which knowledge and expertise
residing within different stakeholders are the most important
resources [52]. This aligns with what the original intellectual
capital studies indicated: that expertise or knowledge is the most
critical resource for enhancing an organization’s performance and
achieving a competitive advantage. Therefore, at a project level,
similar to the operation of an organization, better project
performance can be achieved when a team possesses sufficient
intellectual capital.

3. Research framework and hypotheses

Based on the discussion above, we structured our study on the
basis of the intellectual capital perspective and attempted to
examine how intellectual capital within an organization affects
knowledge boundary spanning between users and IS developers to
achieve successful outcomes. Although past intellectual capital
research indicates that intellectual capital has a direct effect on
firm performance, we include the knowledge boundary concept in
this study and further argue that knowledge boundary spanning
serves as one critical mediator between intellectual capital and
final performance. Past intellectual capital research treats intel-
lectual capital as the sum of expertise and knowledge resources
residing within an organization. They ignore the need for the
diverse expertise and knowledge possessed by different stake-
holders to be integrated in order to generate a better effect.
Therefore, the research models of past studies did not include
possible barriers that may prohibit distributed intellectual capital
from functioning properly. However, users and developers are
distinct stakeholders who possess needed but diverse expertise for
effective system development. It is then reasonable to understand
that final performance is contingent on the effectiveness of
knowledge integration or knowledge boundary spanning. There-
fore, we propose that effective knowledge boundary spanning
should be achieved in order for a project team to perform well.

In this research, effective knowledge boundary spanning is
defined as the users’ and IS developers’ interaction with each other
to reach effective syntactic knowledge transfer, semantic knowl-
edge translation and pragmatic knowledge transformation. With a
high degree of effective knowledge boundary spanning, users and
IS developers have a shared syntax lexicon with which to
communicate and transfer knowledge, semantic meaning with
which to interpret and translate knowledge, and a common
interest in the IS scope, consequences and conflict solutions for IS
development. Here, we suggest that the outcome of the IS project
can be improved when knowledge boundary spanning between
users and IS developers is effective. The research model is shown in
Fig. 2 and corresponding hypotheses are discussed thereafter.
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3.1. Consequences of effective knowledge boundary spanning

We expect that effective knowledge boundary spanning can
improve the performance of an IS project. While evaluating the
performance of an IS project, researchers argue that both process
and product outcomes should be taken into consideration [86,56].
Although these two concepts are related, they can be distinguished
from each other. While process outcome focuses on the extent to
which development work is carried out efficiently, product

outcome represents the quality of the developed system. An IS
project with low process outcomes (e.g., failure to accomplish a
predefined goal within the allotted time or budget) may or may not
have a high product outcome. For example, in order to accomplish
the project on time, a project team may take a compromised
approach such as excluding some minor functions. As a result, the
process outcome may be acceptable but the product outcome
would be low. In this study, we include both concepts and refer to
the process outcome as project quality and the product outcome as
system quality, specifically.

In IS development, system quality can be improved when
requirements are better identified [42]. System quality refers to the
successfulness of the developed system [85]. It represents the
capability of the system to maintain its performance level under
specified conditions and meet user needs, and its capability to be
modified, understood and used by users [76,5]. When knowledge
boundary spanning is highly effective, users and developers are
more likely to have a shared lexicon, shared interpretation and
common interests regarding the IS development. Thus, the users can
smoothly deliver their knowledge to help IS developers identify the
actual requirements [36]. At the same time, the IS developers can
better understand and blend users’ knowledge with their own to
create an information system that can fulfill user needs [61,67]. In
other words, user requirements can be effectively incorporated into
the system design when users and IS developers can effectively
bridge the knowledge boundary and integrate knowledge across the
professions. Thus, we propose the following hypothesis.

Hypothesis 1. System quality increases when knowledge bound-
ary spanning is highly effective.

Project quality can be improved when knowledge boundaries
are effectively spanned. Project quality refers to the degree to
which a project meets its goals, budget, schedule, and quality
criteria [85]. Knowledge boundaries between users and IS
developers cause communication problems and misunderstand-
ings, thus increasing the risks and uncertainty within the IS
development process [28,55,41]. Without a shared lexicon, shared
interpretation and common interest, users and IS developers may
spend considerable time on clarifying and negotiating require-
ments rather than developing the system to support users’ needs.
Schedules extend and costs increase greatly when the team fails to
identify requirements, requiring rework in the later stages of IS
development [6]. In contrast, with more highly effective knowl-
edge boundary spanning, users and IS developers can help each
other identify actual requirements in the earlier stage, and make
sure that the project would be accomplished on time and within
budget [61,52]. Thus, we propose another hypothesis.

Hypothesis 2. Project quality increases when knowledge bound-
ary spanning is highly effective.

3.2. The antecedents of effective knowledge boundary spanning

Effective knowledge boundary spanning (EKBS) refers to the
degree to which participants can effectively transfer their own
knowledge, translate what is shared by their counterparts, and
transform the knowledge to meet the common interests in an IS
development project. In this light, new knowledge is created
through grasping and integrating different knowledge to solve
business problems [30]. Therefore, understanding how to bridge
the knowledge boundary and achieve successful knowledge
integration is particularly important. Prior IS research addresses
this issue by emphasizing mutual understanding [30], the user–IS
relationship [80] and user participation [75]. Although these
studies have merit, they lack an integrated and comprehensive
framework to understand the antecedents of EKBS in the IS
development context. In this study, we include the three elements
of intellectual capital (i.e., the human, relational, and structural
dimensions) to achieve a comprehensive investigation.

3.2.1. Relational capital: user–IS relationship

Relational capital refers to the value of the relationships among
the stakeholders of an ISD project. Since we view developers and
users as two major stakeholders, relational capital in this study
describes the interaction, mutual respect and trust, personal
friendship, and reciprocity between them. Relational capital is
critical because a stronger partnership helps to bridge knowledge
boundaries. Partnership is developed when users and IS developers
frequently work together, communicate, coordinate and negotiate
with each other [68]. Strong trust and respect facilitate the process
of effectively spanning knowledge boundaries between users and
developers [80]. When users and IS staff are in a reciprocal and
friendly relationship, the costs of communication and coordination
decrease, and in turn, the effectiveness of knowledge boundary
spanning increases [66]. Users and IS developers are willing to
share their own knowledge, and to understand and assimilate the
knowledge delivered by their counterparts when they are in a
better relationship [80,77]. Thus, we hypothesize the following.

Hypothesis 3. The user–IS relationship has a positive influence over
the degree to which knowledge boundary spanning is effective.

3.2.2. Human capital: mutual understanding

Human capital focuses on the capabilities of members within an
ISD project. Since developers and users are two major players within
the ISD process, human capital within an ISD project can be viewed
as the ability of these two players to generate an effective outcome.
Therefore, the degree to which they possess the necessary
knowledge to carry out the whole process can be used to represent
the level of human capital within ISD. Human capital in the ISD
context includes both developers’ and users’ knowledge. When
users and IS developers have a clearer concept of the knowledge of
their counterparts, over and above their own knowledge, they are
more capable of providing innovative solutions [30], indicating a
higher level of human capital. When developers have business
knowledge and users have IS knowledge, they can both better
understand and respect each others’ unique contributions [80].
When users and IS developers have a mutual understanding, they
have an easier time blending their own knowledge to further IS
development [78], reducing misunderstandings and facilitating
knowledge integration [53]. That is, the degree of mutual
understanding between users and IS developers is fundamental to
improving the degree of effectiveness of knowledge boundary
spanning. Thus, we hypothesize the following.

Hypothesis 4. Mutual understanding can increase the degree to
which knowledge boundary spanning is effective.

3.2.3. Structural capital: participative decision-making

Structural capital refers to the organizational capability that
involves routines and structures which effectively enhance the
interactions among stakeholders [60]. Even though the employees
are intelligent, if the organization has poor mechanisms to support
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their needs and actions, the overall intellectual capital will not
reach its expected potential [8]. In an information system
development context, participative decision-making has been
widely adopted to represent the existence of formal mechanisms
to facilitate knowledge exchange or integration between stake-
holders [61]. We follow this stream and view participative
decision-making as a mechanism representing structural capital
in an IS development context. Participative decision-making
provides the opportunity for all to understand and clarify different
knowledge held by different stakeholders. In this study, participa-
tive decision-making refers to user participation and shared
decision-making in the IS development process. In the IS literature,
user participation has long been believed to be an effective
mechanism to facilitate user contributions. Users are able to
provide business domain knowledge to help determine system
requirements through formal engagement [36]. Empirical studies
also prove that participative decision-making is effective in
enhancing the degree of effectiveness of knowledge boundary
spanning within an IS development context [61]. Thus we
hypothesize the following

Hypothesis 5. Participative decision-making has a positive influ-
ence over the degree to which knowledge boundary spanning is
effective.

3.3. The interaction effects of paired types of capital

3.3.1. Relational capital and human capital

Human capital and relational capital may jointly affect
knowledge boundary spanning between users and developers.
According to Faraj and Sproull [19], users and developers are
motivated to contribute, share and exchange knowledge with each
other when they have a close relationship. When relational capital
is high, users and developers may care less about gains and losses;
instead, they demonstrate more altruistic behavior toward their
counterparts. Users and developers can trust and respect each
other, and are more engaged in collaboration when relational
capital is high. In addition, with good relationships, users and
developers may have more opportunities to interact, communicate
and negotiate with each other. If users and developers have
positive relationships, higher cohesion will exist between them,
eventually improving the process of using mutual understanding
to create new knowledge. Therefore, we propose the following
hypothesis.

Hypothesis 6. The interaction between human capital and rela-
tional capital positively affects effective knowledge boundary
spanning.

3.3.2. Structural capital and human capital

Human capital and structural capital may jointly affect
knowledge boundary spanning between users and developers.
The structural design of user participation can facilitate greater and
richer interactions among participants in the ISD process [65]. To IS
developers, even if there is a mutual understanding, user
participation can shorten the time spent on capturing the
terminologies and the tacit knowledge embedded in the problem
domain. With formal user participation, the developers can have
certain and specific support when they try to understand the
syntax, semantic and pragmatic meaning of the requirements.
Similarly, through formal participation, users can enhance their
understanding of the ISD process, and have concrete expectations
of the IS project. The formal structure provides users and IS
developers with a mechanism to make joint decisions, helping the
two parties to have a mutual understanding and effectively
bridging the knowledge boundaries. We thus hypothesize the
following.

Hypothesis 7. The interaction between human capital and struc-
tural capital positively affects effective knowledge boundary
spanning.

3.3.3. Structural capital and relational capital

Structural capital and relational capital may jointly affect
knowledge boundary spanning between users and developers.
While structural capital allows users to engage in the system
development process and facilitate knowledge boundary spanning
between these two parties, a strong relationship allows the
knowledge boundary spanning to be more effective. It is not
unusual for users and developers to have different expectations of
the system since they possess different technological frames [17].
Conflicts may take place under this condition. A strong relationship
can ease possible conflicts and allow the two parties to reach
consensus more easily. Therefore, we hypothesize the following.

Hypothesis 8. The interaction between structural capital and re-
lational capital positively affect effective knowledge boundary
spanning.

4. Research methodology

We conducted a survey in this study to test the research
framework empirically. The survey instruments were adopted for
the research context from previous literature. A pretest was
conducted to validate the measurements.

4.1. Sample and data collection

The potential subjects of this study were practitioners who
engaged in information system development. We took a two-step
approach to collecting the data. We first contacted all 251
information systems department managers in Taiwan’s Informa-
tion Management Association (IMA). Via telephone, we introduced
the major purpose of this study to the mangers and determined
their willingness to participate in this study. Those who were
willing to participate were asked to provide the contact informa-
tion of project managers, team leaders, or senior members within
their organization (one member for each recently completed
project). For those companies which had two or more recently
completed projects, the information of each contact was recorded.
A total of 750 projects were identified. In the second stage, we
delivered the survey instrument to the 750 project managers, team
leaders, or senior members who were identified in the first stage. A
total of 279 responses were collected, indicating a 35.6% response
rate. Among the responses, a total of 12 cases with more than 50%
missing values were discarded [33], and the remaining 267
responses were used for the following analysis. Note that our 267
respondents represented a total of 113 companies. Since more than
two samples might be drawn from one company, there is a need to
exclude possible interferences caused by ‘‘company,’’ a higher-
level influencer. We performed several additional tests, by using
Stata with a corrected standard error, to exclude the impact of
company. Since all path coefficients were exactly the same and also
were significant at the same level, we were confident to conclude
that company should not be a concern in our study.

To ensure the sample representativeness, in addition, two
separated analyses were conducted. We first compared those
companies which were willing to participate in this study with
those which were not. No differences between these two groups
were found, in terms of company size and industry type. The
second comparison was to ensure there was no significant



Table 1
Sample demographics (N = 267).

Measure Categories # % Measure Categories # %

Tenure <4 years 54 20.2 Duration in project < half year 101 37.8

4–10 years 132 49.4 Half-1 year 85 31.8

11–20 years 71 26.6 1–2 year 49 18.3

>21 years 8 3.0 2–3 year 14 5.3

Missing 2 0.7 >3 years 17 6.4

Missing 1 0.4

Age 21–30 75 28.1 Gender Male 195 73

31–40 160 59.9 Female 70 26.2

41–50 28 10.5 Missing 2 0.7

>51 4 1.5

Team size <5 102 38.2 Educational background Less than college 14 5.2

6–10 94 35.2 Bachelor 156 58.4

11–20 55 20.6 Master 93 34.8

21–30 5 1.9 Doctor 1 0.4

>31 11 4.1 Missing 3 1.1

Authority position Programmer 115 43.0 Industry Manufacturing 107 40.1

SA 48 18.0 Service 51 19.1

Project leader 51 19.1 Education 11 4.1

CIOa 23 8.6 Finance 20 7.5

Othersb 28 10.4 Othersc 43 16.1

Missing 2 0.7 Missing 35 13.1

a CIOs serve as managers of certain projects.
b Network maintainer, DB maintainer, QA engineer and maintainer.
c Public utilities, transportation, retail and government.
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difference between those which returned our survey and those
which did not. Since we did not collect the project characteristics
in the first stage, an earlier-late comparison was made instead. We
compared the first and fourth quartiles of the samples based on
the return date. Since no significant differences were found, we
were then assured that our sample did not suffer the non-response
issue.

Table 1 shows the demographic information of the respondents.
Most of the respondents were male (73%) and were well educated
(58% had a bachelor degree and 35% had a master degree). As for
their authority levels, 43% were programmers, 18% were system
analyst and 19% were project leaders. The demographics were
aligned with the distributions in the Taiwanese ISD context noted
by previous studies [25,73], demonstrating a satisfactory sample
representation.

4.2. Constructs measurements

Measurements were developed by adopting previously
published items. Each item was measured by a 7-point Likert
scale, with values ranging from 1 (strongly disagree) to 7
(strongly agree). The contents of the survey instrument were
verified by 3 academic domain experts and 5 practicing
developers. A pre-test involving part-time MBA students was
conducted to validate the instrument. The measurement items
are shown in Appendix A.

4.2.1. Effective knowledge boundary spanning (EKBS)

EKBS was operationalized as the degree to which users and IS
developers’ interactions effectively accomplished syntactic knowl-
edge transfer, semantic knowledge translation and pragmatic
knowledge transformation. We developed 8 reflective items, based
on conceptual and empirical studies by Carlile [11] and Tiwana and
McLean [80], to measure this construct. We treated EKBS as a
second-order construct that contains three first-order constructs
(i.e., transfer, translation and transformation). Doing so was
considered appropriate because the correlation coefficients among
those three first-order constructs ranged from 0.62 to 0.8, and their
loadings values ranged from 0.85 to 0.95.
4.2.2. Human capital (mutual understanding)

Although human capital can broadly refer to organization
members’ knowledge, skills, attitude and intellectual agility
[74,68], we focus on users’ and IS developers’ shared knowledge
which is required for effective knowledge integration [30]. In this
study, this construct was operationally defined as mutual
understanding which referred to the capabilities that both users
and developers should have in the ISD process to ensure the
correctness of requirements elicitation and the success of the final
outcome. Two capabilities were required: developers’ business
knowledge and users’ ISD knowledge. The former related to
developers’ knowledge of the new application’s business functions
and the latter was users’ overall knowledge of the ISD methods and
processes. This construct was manipulated as a second order
formative construct formed by developers’ business knowledge
and users’ ISD knowledge. Principal component factor analysis was
applied to calculate the loading of each indicator. The factor
loadings were used as weights of the two indicators for generating
the value of mutual understanding. A total of 10 items (4 for
developers’ business knowledge and 6 for users’ ISD knowledge)
adopted from Fink and Neumann [22], and Tesch et al. [78] were
used to measure this construct.

4.2.3. Relational capital (user–IS relationship)

Relational capital refers to the level of mutual trust, respect,
reciprocity and closeness in the relationship between users and
developers during the ISD project [80]. In this study, this construct
was operationally defined as the user–IS relationship. A total of 5
items adapted from Tiwana and McLean [80] were used to measure
relational capital.

4.2.4. Structural capital (participative decision-making)

Structural capital refers to the organizational routines and
structures which effectively enhance interactions between stake-
holders [60]. In this study, this construct was operationally defined
as participative decision-making, which refers to the sharing of
decision-making authority between users and developers. A total
of 3 items adapted from Patnayakuni et al. [61] were used to
measure participative decision-making.



Table 2
The results of reliability and validity.

Constructs Items Factors

Loadings ITC

Effective knowledge boundary spanning
CR = 0.938, Alpha = 0.925, AVE = 0.656

1 0.860 0.795

2 0.811 0.692

3 0.785 0.682

4 0.840 0.758

5 0.757 0.639

6 0.795 0.663

7 0.829 0.772

8 0.797 0.733

Relational capital
CR = 0.943, Alpha = 0.924, AVE = 0.769

1 0.793 0.597

2 0.908 0.826

3 0.927 0.857

4 0.983 0.828

5 0.846 0.775

Structural capital
CR = 0.924, Alpha = 0.876, AVE = 0.803

1 0.831 0.562

2 0.940 0.792

3 0.914 0.704

Human capital: developers’ business
knowledge

CR = 0.913, Alpha = 0.872, AVE = 0.723

1 0.870 0.669

2 0.848 0.634

3 0.899 0.726

4 0.782 0.593

Human capital: users’ ISD knowledge
CR = 0.926, Alpha = 0.904, AVE = 0.676

1 0.788 0.649

2 0.871 0.788

3 0.814 0.697

4 0.868 0.779

5 0.823 0.717

6 0.765 0.641

System quality
CR = 0.955, Alpha = 0.946, AVE = 0.754

1 0.876 0.701

2 0.847 0.708

3 0.846 0.721

4 0.898 0.780

5 0.880 0.775

6 0.814 0.625

7 0.914 0.823

Project quality
CR = 0.923, Alpha = 0.896, AVE = 0.708

1 0.876 0.663

2 0.859 0.702

3 0.882 0.707

4 0.836 0.747

5 0.746 0.631
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4.2.5. System quality

System quality was operationally defined as the successfulness of
the developed system in terms of its reliability, ease of maintenance,
ease of modification, and its ability to meet users’ requirements. A
total of 7 items adapted from Patnayakuni et al. [61], and Wallace
et al. [85] were used to measure product performance.

4.2.6. Project quality

Project quality referred to the successfulness of the development
process itself (i.e., the extent to which the project was delivered on
schedule and within budget) [85]. The 5 items used in this study
were adapted from Tesch et al. [78], and Wallace et al. [85].

5. Research findings

5.1. Reliability and validity

Reliability could be ensured through composite reliability (CR)
and Cronbach’s alpha. These two values should be greater than 0.7,
which could be viewed as highly reliable. Convergent validity should
be tested when multiple indicators are used to measure one
construct, and it can be examined via item-total correlation (ITC),
factor loading, and average variance extracted (AVE) [23]. To achieve
the required convergent validity, ITC should not be less than 0.3,
factor loading should be greater than 0.7, and AVE should be greater
than 0.5. The results of reliability and validity are shown in Table 2.

To achieve adequate discriminant validity, the correlation
coefficients among variables should be less than 0.90, and the
square root of AVE should be greater than the inter-construct
correlation coefficients [23]. Descriptive statistics and the correla-
tion matrix are shown in Table 3.

5.1.1. Common method variance

Since we collected both independent and dependent variables
simultaneously from the same respondents, common method
variance (CMV) could be a concern in this study. The Harman’s
single factor test was implemented to ensure that there was no
significant method effect on the predefined causal relationship.
With all indicators entered, 7 factors were extracted. The variance
explained by the first factor was 37%. In addition, the impact of
method variance was tested by creating one method variable (with
all used indicators) and linking it to indicators of both independent
and dependent variables [62,63]. Most paths from this method
variable to indicators were found to be insignificant (80%) which
suggests that common method bias should not be problematic in
this study.

5.2. Hypothesis tests

Hypotheses were tested via partial least squares (PLS) regres-
sion analyses using SmartPLS. All path coefficients and explained
variances for the model are shown in Fig. 3.
Table 3
Descriptive statistics and correlation matrix.

Variables Mean Std. Dev. M3 

Effective knowledge boundary spanning (EKBS) 5.290 0.813 �0.3

Human capital: developers’ business knowledge (DBK) 5.336 0.837 �0.3

Human capital: users’ ISD knowledge (UIK) 4.461 1.060 �0.2

Relational capital (RC) 5.208 0.936 �0.4

Structural capital (SC) 5.274 1.012 �0.6

System quality (SQ) 5.239 0.817 �0.4

Project quality (PQ) 5.188 0.991 �0.7

M3: skewness; M4: kurtosis.

The diagonal line of correlation matrix represents the square root of AVE.
Our analysis showed that the paths from effective knowledge
boundary spanning to both system quality and project quality
were significant (b = 0.600, p < 0.01; b = 0.474, p < 0.01), which
supported H1 and H2. For the antecedents, human capital
(b = 0.254, p < 0.01), relational capital (b = 0.422, p < 0.01), and
M4 Correlation matrix

EKBS DBK UIK RC SC SQ PQ

87 �0.350 0.845
83 �0.256 0.367 0.850
06 �0.064 0.420 0.264 0.822
18 0.213 0.520 0.182 0.410 0.877
67 �0.038 0.442 0.301 0.361 0.405 0.896
04 �0.311 0.564 0.438 0.398 0.497 0.440 0.868
36 0.635 0.401 0.287 0.317 0.368 0.337 0.708 0.841
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Fig. 3. Structural model and paths coefficient.
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structural capital (b = 0.156, p < 0.05) had positive effects on
effective knowledge boundary spanning. This result confirmed our
expectation and provided support for H3, H4 and H5.

For the interaction effect between paired types of intellectual
capital, we first created three interaction terms by using the
product indicators approach suggested by Chin [13]. Among
the three created interaction terms, only one was found to be
significant. A negative coefficient (b = �0.115, p < 0.05) between
HC*RC and EKBS was found. Therefore, H6, H7 and H8 were all not
supported.

5.2.1. Analysis of the mediating effect

This study proposed that EKBS was an important mediator
between intellectual capital and ISD performance. We followed
procedures suggested by Baron and Kenny [4] to test the
mediating effect of effective knowledge boundary spanning.
The results, as shown in Table 4, indicated that EKBS transferred
the impacts of three types of capital to system and project quality.
Specifically, EKBS fully mediates the effects of structural and
human capital types and partially mediates the effect of relational
capital on system quality and project quality. In addition, after
joining EKBS as a mediator, the explained variance of system
quality and project quality significantly increased from R2 = 0.407
and R2 = 0.269 to R2 = 0.453 and R2 = 0.290. In sum, these results
proved the argument of this study, indicating that EKBS was an
important mediator between all types of capital (relational,
human and structural) and both types of quality (system and
project).

Furthermore, since there were three independent and two
dependent variables, we conducted six Sobel tests to examine the
mediating effect of EKBS. According to the results, the mediating
effect for the structural capital and project quality link was
significant only at the p < 0.1 level; the remaining five links were
all significant at the p < 0.05 level. This evidence also endorsed our
Table 4
Analysis of mediating effect.

Variables System quality Project quality

Model 0 Model 1 Model 0 Model 1

Structural capital 0.173* 0.127 0.148* 0.117

Relational capital 0.348** 0.244** 0.295** 0.203*

Human capital 0.228* 0.144 0.199* 0.142

EKBS – 0.310** – 0.206*

R2 0.407 0.453 0.269 0.290

* p < 0.05.
** p < 0.01.
finding of the mediating effect of EKBS between intellectual capital
and project outcomes.

6. Discussion

This study examines knowledge boundary spanning from an
intellectual capital perspective, and it empirically tests the
hypotheses in the context of IS development. In this light, we
seek to reveal the antecedents of effective knowledge boundary
spanning and the influence of effective knowledge boundary
spanning on IS performance. Survey data collected from 267 IS
practitioners were used to verify the developed concept. There are
four noteworthy findings.

First, our findings show that effective knowledge boundary
spanning can significantly influence system and project quality.
User participation studies indicated that including users in the
system development process may or may not generate the
expected effect [36,42]. Our study provides a plausible explanation
in that the inability to span the knowledge boundaries effectively
between users and developers limits the effect generated from
including users in the system development process. Similar to how
the software development process can be improved when
knowledge among IS developers can be successfully shared,
formalized and integrated [61], project performance can surely
be improved when users and developers can effectively cross the
knowledge boundaries between them.

Second, the findings prove that knowledge boundaries can be
effectively spanned when strong intellectual capital exists within
the organization. Human capital and relational capital have proved
to have significant influence over the degree to which knowledge
boundary spanning is effective; structural capital has a marginal
effect. These results can be supported by previous research which
puts emphasis on the importance of interaction, mutual respect
and trust, friendship and reciprocity between users and developers
during the ISD process [80]. Among the three dimensions of
intellectual capital, the comparison of the path coefficients
provided an empirical basis by which to suggest that relational
capital and human capital are more influential in facilitating EKBS
in the ISD process, while structural capital has only marginal
influence.

Third, the results reveal the mediating role of EKBS between
intellectual capital and IS performance. Despite the fact that the
three dimensions of intellectual capital directly influence system
and project quality, our findings indicated the improvement of R2

when using EKBS as a mediator. Specifically, EKBS partially
mediates the effect of structural and relational capital types on
system quality, and it fully mediates the effect of the same two



Fig. 4. The effect between HC*RC and EKBS.
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capital types on project quality. This result extends previous
arguments that highlight the effect of intellectual capital on
performance [61,78,8] by showing that intellectual capital can
influence the effectiveness of knowledge transfer, translation and
transformation between users and IS developers before it
promotes final IS performance.

Fourth, surprisingly, the interaction between human capital
and relational capital is found to negatively impact the
effectiveness of knowledge boundary spanning. This is in
contrast to our expectation that a positive coefficient would be
observed. The negative coefficient indicates that a better user–IS
relationship may reduce the impact of human capital on EKBS.
Fig. 4 illustrates the interaction between these two types of
capital. First, when human capital is low, the level of relational
capital is critical. Projects with sufficient relational capital can
still achieve effective knowledge boundary spanning when
human capital is low. However, the importance of relational
capital decreases as the level of human capital increases. The
difference between the effects of high and low levels of relational
capital is limited when human capital is high. Second, based on
the slope between human capital and EKBS, the importance of
human capital to EKBS varies as the level of relational capital
changes. Even though a significant main effect of human capital
is found, the interaction effect diagram shows that human
capital has a limited effect when relational capital is high. The
importance of human capital is much higher when relational
capital is low. Generally, this finding shows that the user–IS
relationship helps to ameliorate the weakness created when
users and IS developers lack sufficient mutual understanding,
thus facilitating more effective knowledge boundary spanning.
This may be because a better user–IS relationship allows users
and IS developers to maintain intensive communications,
coordination and interactions, smoothing the subsequent syntax
transfer, semantics translation and pragmatic transformation
between the users and IS developers.

However, different from our expectation, the empirical
results show that the moderating effects of structural capital
on both human capital-to-EKBS and relational capital-to-EKBS
are not significant. Participative decision-making may not
contribute to an increase in EKBS when there is a lack of mutual
understanding or a poor relationship between users and IS
developers. These findings potentially suggest the need for
caution in order to avoid overemphasizing the value of user
engagement which is touted by current literature. It also
highlights that, in the countries with relationally based culture
(e.g., Taiwan), people demonstrate more effective interactions
with those whom they already know and those with whom they
have closer friendships. The formal structural mechanism
becomes less important, especially when there is sufficient
human and relational capital to support interactions and
communication between users and developers.

Based on the findings above, this study generates several
implications for academia and practitioners. For academia, this
study can contribute to both knowledge management and project
management research. For knowledge management, this study
identified and successfully demonstrated the impact of knowl-
edge boundary spanning on performance in multi-discipline
collaboration. Using ISD as an example, we confirmed the critical
role that effective knowledge boundary spanning plays in IS
development performance, including its effect on both system
and project quality. Therefore, this study furthers knowledge
management research regarding the management of the bound-
aries which arise because of tacit and sticky local knowledge
across different areas of expertise. Future studies are encouraged
to further explore the role of knowledge boundaries based on our
findings. For example, novelty, specialization and dependence are
excluded from our model in order to maintain parsimony.
Exploring the relative importance of each boundary spanning
activity under different contexts can enrich our understanding of
this issue.

In addition, we proposed that intellectual capital can facilitate
knowledge boundary spanning. Three antecedents (i.e., human
capital, relational capital and structural capital) prove to be
important for effective knowledge boundary spanning. Leveraging
the three types of intellectual capital can effectively promote
syntactic knowledge transfer, semantic knowledge translation, and
pragmatic knowledge transformation. However, it is notable that
we did not address the effects of intellectual capital on specific
knowledge boundary spanning activities (i.e., knowledge transfer,
translation and transformation). Neither did we include specific
boundary spanning objects in our study. Future research can
further explore these issues to discover possible objects for
boundary spanning facilitation.

Furthermore, this study can enhances Carlile’s [12] work on
knowledge boundary in two ways. Firstly, we empirically test
Carlile’s framework with a large sample in an IS development
context. Despite Carlile adopted a case study to describe and
illustrate the concept of knowledge boundaries [11,12], his
framework had not been examined with a large sample. Our
empirical work provides the evidence to support the concept as
well as highlight its importance. Secondly, although Carlile posed
three knowledge boundary spanning capabilities [12], the factors
that could facilitate effective knowledge boundary spanning
remained unclear in his studies. This study extends this framework
by suggesting that intellectual capital can be used as the means to
promote effective knowledge boundary spanning.

For project management, this study introduces the perspective
of the ‘‘knowledge boundary’’ to resolve the inconsistent results of
previous user participation research. In this light, user participa-
tion in an ISD project can be a process of delivering tacit and sticky
local knowledge between people in different disciplines. With this
assertion, IS development can be a complex process that involves
not only creating a common terminology base, but also building
shared interpretations and negotiating to support the various
interests of the participants who keep qualitatively distinct sets of
goals and professional values. We therefore advanced user
participation literature by showing the need to investigate this
issue from the perspective of knowledge boundary spanning. A
significant portion of user participation studies focuses on
exploring the best timing for users to engage in the ISD process.
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In contrast, this study highlights that it is critical to examine the
effectiveness of transferring, translating and transforming knowl-
edge when users are involved and participate in the ISD process. In
addition to understanding which stakeholders should engage in
the development process (and when), more attention should be
paid to understanding ways for stakeholders to cross knowledge
boundaries and co-produce a high quality product.

For practitioners, the results of this study emphasize the
importance of knowledge boundary spanning for users and IS
developers as they co-produce the final system. Because of the tacit
and sticky nature of local knowledge, IS development is far more
than sharing knowledge via user participation. Instead, it must be
regarded as a knowledge reproduction process in which the users
and IS developers effectively transfer lexicons, translate inter-
pretations and transform different interests in the IS project, thus
coproducing a better quality system and process. To maximize co-
produced value, the boundaries that are caused by local knowledge
cannot be ignored when users participate in the ISD process.
Otherwise, the communications may not be on the same page even
when there are intensive interactions between users and IS
developers.

To overcome the problems caused by knowledge boundaries,
project managers can increase the effectiveness of knowledge
transfer, translation and transformation by leveraging the intel-
lectual capital between users and IS developers. Among the three
dimensions of intellectual capital, the relationship with users is
particularly important, especially in a relationally based culture
like Taiwan. Relational capital not only contributes directly to the
enhancement of EKBS, but also minimizes the disadvantages
caused by insufficient mutual understanding between users and IS
developers.

7. Conclusion

The purpose of this study is to understand the importance of
knowledge boundary spanning under multidisciplinary collabora-
tion conditions. Taking ISD as an example, this study empirically
tests how intellectual capital facilitates knowledge boundary
spanning and subsequently influences IS performance. Our
findings suggest that effective knowledge boundary spanning
plays an important role in predicting system and project quality,
and it also plays a mediating role between intellectual capital and
IS performance. The three dimensions of intellectual capital
(human, relational and structural) significantly impact the
effectiveness of knowledge boundary spanning. Furthermore,
the magnitude of the impact of human capital on knowledge
boundary spanning is moderated by the relationship between
users and developers. In general, greater levels of relational capital
held by users and developers can minimize the negative impact of
insufficient mutual understanding on effective knowledge bound-
ary spanning.

However, our study is not without limitations. First, cross-
sectional data were used to examine the proposed model.
However, some may argue that effective knowledge boundary
spanning may inversely affect intellectual capital. Further research
is recommended to adopt a longitudinal approach to address this
issue. Second, opinion from one side (developers) was used to
understand the effectiveness of knowledge boundary spanning.
However, since boundaries are located between users and
developers, opinions from both sides may be needed to represent
the level of effectiveness more precisely. Future research is
encouraged to collect data from both sides to verify our result.
Third, to maintain parsimony, we selected specific variables to
represent each type of intellectual capital, based on the literature.
However, each type of capital may be represented by other
variables. Future research is encouraged to extend the current
study by including other meaningful variables for each type of
intellectual capital.

Appendix A. Measurement

Effective knowledge boundary spanning [80]

Transfer: syntactic boundary

KBS1 Developers and users use shared terminology to transfer
their own knowledge to each other.

KBS2 Developers and users build shared lexicon and meaning
toward each other’s expertise/knowledge.

KBS3 Developers are able to accurate communicate and
transfer what users say into system design.

Translation: semantic boundary

KBS4 Developers and users are capable of translation their
expertise to bring new concepts into system.

KBS5 Users are able to describe requirements in the way that
developers can interpret and understand it clearly.

KBS6 Developers used the way that users can understand and
interpret correctly to help them to express their needs.

Transformation: pragmatic boundary

KBS7 Developers and users are proficient at combining and
exchanging ideas to solve problems in ISD goal, scope and
consequence.

KBS8 Developers and users did a good job of sharing their
individual goals and interests of new system.

Relational capital [80]

RC1 There is close, personal interaction among developers
and users.

RC2 There is mutual respect between developers and users.

RC3 There is mutual trust between developers and users.

RC4 There is personal friendship between developers and
users.

RC5 There is high reciprocity among developers and users.

Human capital: developers’ business knowledge [22]

BS1 The developers are knowledgeable about the key success
factors that must go right if the company is to succeed.

BS2 The developers understand the company’s policies and
plans.

BS3 The developers are able to interpret business problems
and develop appropriate technical solutions.

BS4 The developers are knowledgeable about business
functions.

Human capital: users’ ISD knowledge [78]

UK1 Users are not familiar with IT.

UK2 Users have little experience.

UK3 Users are not familiar with this application.

UK4 Users are not familiar with IS development.

UK5 Users are not aware the importance of their role.

UK6 Users are not familiar with their role in project.

Structural capital: participative decision-making [47]

PDM1 Users participated in decision making broadly in this
development project.
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PDM2 Decision making authority rests with both development
developers and users.

PDM3 Joint-decision making by users and developers is the
norm in our ISD.

System quality [61,85]

SQ1 The system developed is reliable.

SQ2 The system is easy to maintain.

SQ3 The users perceive that the system meets intended
functional requirements.

SQ4 The system meets user expectations with respect to
response time, flexibility and ease of use.

SQ5 The overall quality of the developed system is high.

SQ6 The system can easily be modified to meet changing user
requirements.

SQ7 Users are satisfied with the overall quality of the systems.

Project quality [78,85]

PQ1 Ability to meet project goals.

PQ2 Expected amount of work completed.

PQ3 High quality of work completed.

PQ4 Adherence to schedule.

PQ5 Adherence to budget.
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