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Abstract

While product development (NPD) groups typically
use information technology (IT) to enhance their
knowledge work, such usage also elicits group-level
interruptions. This paper develops a conceptual model
that studies the partial mediation effect of interruptions
on the link between IT use and knowledge integration
in NPD. It proposes that IT use causes two interruption
types that represent alternate channels of influence on
knowledge integration. Specifically, intrusions inhibit
knowledge integration by raising group workload,
while feedback interventions facilitate knowledge
integration by enhancing the group’s collective mind.
The paper contributes to the literature by providing
insights on how IT use affects the knowledge work of
groups that are faced with various interruption types.

1. Introduction

A key issue facing cross-functional new product
development (NPD) groups has been to effectively
leverage their collaborative knowledge work. A key
facet of such work is knowledge integration, defined as
access, synthesis, and utilization of complementary,
task-related knowledge of NPD group members, to
create a collective product solution [1]. Knowledge
integration is especially important in NPD. First,
developing new products is a complex process tapping
various activities — from idea generation to product
commercialization — that hinge on combining multiple
sources of expertise [1]. Second, knowledge is
inherently fragmented within and across people, and a
single individual or functional unit is unlikely to hold
all the expertise necessary for effective NPD. Third,
prior research has established a positive link between
knowledge integration and NPD performance [2].

However, research indicates various challenges to
knowledge integration, including lack of interactions
and trust among group members [3], succumbing to
group consensus [4], as well as events that interrupt the
efforts of combining multiple sources of expertise [5].
In particular, whereas information technology (IT) has
been increasingly deployed in NPD tasks to facilitate
knowledge integration [6], such an undertaking is
particularly challenging if the knowledge work of NPD
group members is constantly interrupted. Specifically,
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IT use exhibits both intended and unintended effects on
the flow of NPD knowledge work, giving rise to new
research areas. First, IT enables knowledge integration
by widening the reach for knowledge group members
can draw on [7]. Second, while IT is deployed to
facilitate knowledge integration, evidence is emerging
that it also leads to interrupting knowledge work [8-
10]. Third, results for the impact of interruptions are
contradictory [10-13]. At the group level (which is the
focus of this paper), interruptions have been identified
as critical for influencing the group’s ability to
coordinate its knowledge resources [5, 14, 15]. Yet, IT-
related interruptions have also had negative effects on
knowledge transfer efforts [14]. Negative effects are
typically attributed to two fundamental cognitive
activities associated with interruptions: (1) cognitive
interference, where the interruptive task produces
information cues that draw on the same cognitive
resources used for the primary task [16, 17], and (2)
capacity interference, where the demands of the
interrupt result in exceeding the cognitive capacity of
the individual or group [16, 18]. Conversely, positive
effects have been credited to the fact that interruptions
may give rise to windows of opportunity that allow
group members to adjust their focus and better manage
the knowledge related to their primary task [5, 19].

In short, IT, interruptions, and knowledge
integration seem to be linked in complex ways, and
this has not been explicitly addressed in the literature.
IT use may enable knowledge integration directly but
also indirectly via interruptions. Also, the ensuing
effects by interruptions may elicit positive or negative
outcomes. This paper aims at better clarifying these
links. While most prior studies look at the influence of
interruptions on task performance, we believe that such
outcomes have been sufficiently examined [10, 15, 17,
20, 21], and we focus on how interruptions mediate the
effect of IT use on NPD knowledge integration.

The paper addresses four further research gaps.
First, there is a lack of a comprehensive framework
that explains the links between IT, interruptions, and
knowledge integration. Two theoretical perspectives
are relevant, but they explain only part of the picture.
Cognitive fit theory [10] proposes that the fit between
task demand and IT-based problem representation
determines the influence of interruptions. However, the
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theory provides an incomplete picture of interruptions
by using IT as a proxy for cognitive capacity and hence
ignoring capacity interference. Also, the role of IT is
restricted to representing information on a problem for
individual decision-making. Hence, it does not readily
apply to collaborative IT used in groups. The notion of
task-capacity fit, first formulated by Kahneman [16] to
explain attention and effort, suggests that the influence
of interruptions is determined by the fit between task
demand and cognitive capacity of the individual or
group [13]. As such, this framework explicitly
addresses capacity interference, but not the role of IT.
Second, with few exceptions [5, 10, 14], prior
research has overlooked the role of the different types
of interruptions [13, 15, 20, 22], even though this can
determine the influence of interruptions [5, 23]. This
paper proposes that there can concurrently be positive
and negative channels of influence for interruptions on
knowledge integration depending on interruption type,
and that IT can contribute to both of these channels.
Third, most interruptions research involves
individuals [10-13, 17, 20, 22] or dyads [8, 15, 21].
Few studies are at the group level [5, 14], and these do
not consider the role of IT. Finally, most research is
conducted in laboratory settings to test the effects of
interruptions on individuals involved in decision-
making [5], or problem-solving tasks [10]. There is a
dearth of field research that examines how groups
conducting knowledge work are interrupted.
Motivated by these gaps, this paper contributes to the
literature by unraveling the relationships between IT
use, interruptions, and knowledge integration. We ask
the following question: How does IT use affect
knowledge integration in NPD groups in a context
where their knowledge work is interrupted? To answer
this question, a conceptual model is developed, where
the influence of interruptions is determined not by task
and technology [10], or by task and cognitive capacity
[13], but rather by the cumulative effects of IT, task
demand, and collective cognitive capacity. We propose
that different interruption types exhibit distinct effects
on knowledge integration, and that IT can be a driving
force behind instigating these interruptive effects. The
next section provides the theoretical background and
introduces the proposed framework. Then, a
conceptual model is developed with propositions that
link the underlying constructs. A discussion of
implications and limitations concludes the paper.

2. Theoretical Background

2.1. IT-based knowledge integration barriers

As mentioned at the outset, IT is typically used to
facilitate knowledge integration. However, various

factors stand in the way of such undertaking. Drawing
on the literatures of knowledge integration [1, 24],
barriers to IT-enabled collaboration [4, 25], and online
knowledge contributions [26, 27], we note that the
dominant theoretical approach for examining
impediments to IT-enabled knowledge integration
focuses on behavioral and structural issues pertaining
to the unwillingness or inability of knowledge workers
using IT to collaborate and integrate their knowledge.
Specifically, factors such as trust [4, 25], social capital
[3], social expectations [26], technical compatibility
[4], a common knowledge framework [1],
departmental thought worlds [24], and enabling
organizational structures [4, 24], have been identified.

However, little is known about how disruptive
events influence IT use in collaborative knowledge
work. Interruptions provide important yet overlooked
channels imposing cognitive constraints that may
facilitate or inhibit IT-based knowledge integration.
Statistics from prior research confirm the implications
of interruptions for knowledge work. For instance,
knowledge workers switch tasks every three minutes,
on average [28]. A survey of over 1,000 US knowledge
workers has estimated the costs of interrupting these
workers at $588 billion annually [29].

Interruptions are especially forceful in NPD groups.
Such groups are composed of knowledge workers from
diverse backgrounds that constantly switch between
tasks or engage in multiple tasks concurrently rather
than proceed sequentially through the traditional stage-
gate approach. To better understand the various effects
of interruptions, and in particular the way by which
they shape the influence of IT usage on knowledge
integration in NPD, the remainder of this section
introduces a proposed framework of interruptions.

2.2. Proposed framework of interruptions

Interruptions are defined as external events that
break the continuity of primary tasks [18]. This
definition excludes self-initiated interruptions [11].
Common to all interruptions, is that they produce
information cues that call on attentional resources, and
that need to be processed by the interrupted individual
or group, whether immediately or at a later time [21].

Our proposed framework begins with the notion
that the impact of interruptions is determined by task
demand and cognitive capacity [13, 16]. Interruptions
raise task demands, by causing cognitive interference,
and/or capacity interference. The interrupted party may
reduce the negative effects of these interruptions by
leveraging their capacity of cognitive resources, such
as individual effort [13], and attentional focus [12].

Several tenets further delineate the proposed
framework. First, drawing on Jett & George [18], we
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identify two particularly important interruption types
for NPD groups engaged in knowledge work:
intrusions and feedback interventions. Intrusions are
defined as external, unexpected events that break the
continuity of the group’s work. An additional
assumption bounding intrusions is that their contents
do not reveal critical information about completing the
primary tasks. Intrusions faced by NPD group
members can be broadly categorized as work-related,
non-work-related, and contextual. @Work-related
intrusions include information and meeting requests by
external agents [21], disseminating information
unrelated to the primary task, such as alerts, warnings,
announcements, and reminders [21], and changes in
task and/or project [14, 21]. Non-work related
intrusions include social and accidental exchanges
[21]. Contextual intrusions include structural changes
in the group [14], changes in tools or technologies
[14], disruptive organizational events, and resource
availability issues, such as system updates,
maintenance, failures, and security [30].

Conversely, feedback interventions are defined as
external events revealing perceived inconsistencies
between performance expectations and actual task
performance [18, 31]. We make the following
assumptions: (1) they occur during engagement in a
primary task, (2) they contain specific information
about task-related performance discrepancy, and (3)
they identify the discrepancy source without
constraining actors’ choices for response [31].
Feedback interventions are salient in the NPD process,
which includes several gates designed to assess the
successful completion of various NPD tasks.

Our framework suggests that interventions can
directly enhance the cognitive capacity of NPD
workers by structuring collective coordination
mechanisms [19], enabling “mindful” acquisition of
new knowledge routines [14], and expanding pre-
existing cognitive schemas [18]. This positive effect is
implicitly supported by organizational information
processing theory [32]. A feedback intervention that
produces information critical to completing the
primary task increases the individual’s or group’s
information processing capacity [18]. Hence, we
propose that both channels of influence be considered:
increased task demand via intrusions, and increased
cognitive capacity via feedback interventions.

This framework extends interruptions research in
several ways. First, the literature does not consistently
recognize the role of interruption type [10, 20]. Instead,
the focus has been on interruption properties such as
frequency, duration, timing, complexity, and
clusteredness [10, 13, 17]. Such properties have
implicitly involved a single interruption type; namely
intrusions [10, 13, 17]. Additionally, research on

interruption properties has retuned mixed results [13,
14, 17], perhaps due to overlooking the actual role of
interruption  type. Similarly, studies that have
considered other interruption types (e.g., interventions)
have not explicitly modeled the role of interruption
type [5]. Examining a single interruption type —
whether implicitly or explicitly — holds its effects
constant, which hinders the detection of important
outcome variations. Indeed, some studies attribute such
variations to interruption type [11, 22]. However, these
studies are few and are mostly at the individual level.
At the group level, one study looked at interruption
types but only in a post hoc exploratory analysis, and
indeed found evidence that different types had different
effects on knowledge outcomes [14].

Second, our framework extends the dominantly
negative view of interruptions [17, 22], by
acknowledging recent studies that indicate positive
effects, especially for feedback interventions [5, 14].
Our use of both interruption types is key to capturing
both the positive and the negative outcomes.

Third, this framework stresses the importance of
recognizing the relation between the interrupt and the
primary task. Specifically, prior research has assumed
that all interruptions are secondary tasks that directly
compete for scarce cognitive resources and divert
attention from the primary task, while often impeding
task resumption [10, 13]. However, feedback
interventions, while entailing an initial attention
switch, refocus attention on the primary task [5].

Fourth, a dominant view has considered all
interruptions to increase task demands, with cognitive
capacity merely mitigating those adverse effects [10,
13, 17]. However, as our model shows, we propose
that feedback interventions directly influence cognitive
capacity. Finally, by understanding interruptions and
their impacts, we can better predict how they shape the
influence of IT use on knowledge integration in NPD.

3. Conceptual Model

The conceptual model is shown in Figure 1. IT use
is posited to trigger both types of interruptions:
intrusions and  feedback interventions. Both
interruption types consume scarce attentional resources
and influence NPD knowledge work. The direction of
influence is determined by how attention is allocated
by the interruption type to the task. Intrusions usurp
attention away from the primary task, leading to
increases in task demands, or group workload.
Conversely, feedback interventions refocus attention
on the primary task and enhance cognitive capacity, or
collective mind. Finally, knowledge integration is
positively influenced by IT use and collective mind,
and negatively influenced by group workload. Hence,
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the path to NPD knowledge integration contains a
direct enabling effect from IT usage, in addition to two
partial mediation effects; an inhibiting effect from

intrusions and group workload, and a facilitating effect
via feedback interventions and collective mind.

Multitasking
ability

dWwareness

Context

Interruptions
P1 P

) Intrusions
IT use .

P8 P9 ff)
(-) (- P5
Group workload|_ (-)

/;’

Feedback |
interventions %

P2
) pe
p3 0O

Knowledge
integration

Collective mind P7

()

Figure 1. Conceptual model

3.1. IT use and interruptions

Typical usage of IT across the entire NPD domain
includes the use of project and process management
systems, collaborative systems, and knowledge
management systems [6, 33]. First, the NPD group
uses tools that manage structural NPD process aspects
such as scheduling, assigning tasks, and managing
resources. Second, they use collaborative tools such as
groupware and workflow. Third, they use tools that
create and store knowledge in electronic repositories,
tap knowledge directories to locate expertise for given
tasks, and engage users in knowledge networks that
center on new products and ideas [33].

Whereas these IT tools are designed to facilitate
collaborative NPD work, we are especially interested
in how their use contributes to interrupting such work.
Prior research in human-computer interaction has
mostly studied links between IT-induced interruptions
and task performance [9, 34], or design aspects that are
incorporated into IT (intelligent agents) to mitigate the
adverse effects of interruptions [15, 21]. However,
evidence of how IT directly leads to interruptions has
not been consistently furnished in the literature,
beyond anecdotal descriptions [9, 21].

IT use leads to interrupting NPD knowledge work
in several ways. First, IT offers a platform for
intrusions and feedback interventions. For example,
email is a collaboration tool usually configured to
instantly alert and intrude on users once a new message
arrives. Also, knowledge workers typically react
immediately to new email rather than delay response
[34]. Hence, as NPD group members continue to use
project management, collaborative, and knowledge
management tools in their NPD tasks, they face
interruptions by the very same tools that facilitate their
work. Project management systems entail intrusions in
the form of meetings requests, alerts and reminders
about meetings, project scheduling, and so forth [21].

Use of collaborative systems may intrude on group
members by signaling new message arrivals and when
members stop to process the information in the
messages. Examples of intrusions from usage of
knowledge management systems include interrupting
experts in the knowledge directory, and user
information requests on online discussion forums.
Regarding feedback interventions, Ang et al. [35]
found that groups of decision-makers prefer receiving
IT-mediated feedback interventions, rather than direct
interventions from their managers.

Second, IT wusage creates and disseminates
information leading to second-order interruptions that
may or may not be IT-mediated. Undoubtedly, IT has
created an explosion in information content, much of
which is enabled by the Internet and advancements in
connectivity and storage technologies. For instance,
information stored electronically in organizational
databases doubles every year [37]. In NPD, IT usage
generates information on projects, discussions, and
best practices. Indeed, such an effect of IT use on
increasing the amount of information stored and
disseminated has been found in collaborative groups at
a major insurance company [38]. Some of this
information is then accessed by external agents (e.g.,
executives) in pursuit of their daily work. The sheer
amount of information makes it difficult to identify and
retrieve relevant information, and processing it may
entail first-order interruption effects [37]. However,
our focus on external interruptions points to the
second-order effects, where external agents interrupt
NPD group members that created the information and
that have the skills to help them make sense of it. This
leads to intrusions, such as information and meeting
requests. Also, feedback interventions ensue when
external agents provide group feedback on information
stored in the repositories. Indeed, it was found that the
sheer volume of information in electronic databases of
collaborative consulting teams prompts users of such
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information to request clarifications, meetings, and
discuss with information providers various aspects
relating to the information [37]. Regarding feedback
interventions, information providers are also given
feedback regarding the quality and demand of the
information stored in the team’s database [37]. Nadler
[40] suggested that IT wuse in groups produces
information that is used to detect task-related errors,
provide feedback, and improve task performance.

Proposition 1a: IT use in NPD is positively associated
with intrusions for the NPD group.

Proposition 1b: IT use in NPD is positively associated
with feedback interventions for the NPD group.

3.2. Intrusions and group workload

Any task, whether interrupted or not, imposes a
mental workload that places demands on attentional
resources from the collective pool of attentional
capacity [16]. Task demand can be assessed with
perceptual measures, such as time pressure,
information load, memory loss, and stress [16].

Whereas the literature emphasizes individual task
demand [10, 13, 17, 20], we extend this concept to the
group-level by drawing on the concept of group
workload. Group workload reflects the demands placed
on the NPD group by the task environment in relation
to the group’s finite capacity [42]. It can be assessed
using the NASA-TLX index, which measures mental
and physical demand, temporal demand, effort, and
stress [43]. This scale has previously been used in
interruption research to assess individual task demand
[22, 44], but it can be extended to the group-level [42].
Similarly, at the group-level, we do not focus on
individual intrusions (e.g., a marketing expert popping
into the office of a product designer engaged in design
activity) but rather, on aggregate effects for the NPD
group. Additionally, explicit intrusions at the group-
level are included, such as changes in group projects,
tasks, and/or roles, IT-related system issues, and other
disruptive events [14]. Excluded are planned events,
such as group seminars and training sessions.

Intrusions are likely to raise the group’s workload,
by creating secondary tasks that consume attentional
resources and divert from the primary task. First,
experimental research on HCI found that intrusions
increase time pressures that impede primary task
resumption [45], or lead to hasty task resumption to
make up for lost work [22]. Second, for mental load, it
was found that police radio dispatchers perceived more
overload due to intrusions, especially when they had to
switch often and thus allocate attention among
uncompleted tasks [46]. Third, experimental research

in social psychology on prospective memory shows
that intrusions that compete for a subject’s attention
and enforce task switches, increase workload and
reduce the ability to retain key aspects of the primary
task upon resumption [47]. Finally, with respect to
stress, intrusions adversely affected task demands via
stressors that decreased emotional well-being of
subjects doing secretarial work [20].

In NPD, intrusions are expected to strongly affect
group workload, especially since tasks are complex to
begin with [1] and workers have to juggle between
multiple tasks. For instance, NPD group members
engaged in collaborative product design using a CAD
visualization system may be interrupted by a secondary
task. This would increase group workload by limiting
the time available for completing the design, imposing
additional stress on the group, and prompting memory
loss for some aspects of the design upon task
resumption. Perlow [48] found that intrusions faced by
a software engineering team spawned a perception of
“time famine”, where group members had to resort to
implementing periods of quiet time to offset the
increased workload pressures. Based, on the preceding
theoretical and empirical evidence, we propose:

Proposition 2: Intrusions are positively associated
with NPD group workload.

In contrast to intrusions, we posit no direct link
between feedback interventions and group workload.
Workload should not increase if there are associative
cues between the primary task and the interrupt [47]. In
this case, feedback interventions are not only
associated to the primary task, but they directly cue the
NPD group toward the source of discrepancy which
allows them to better focus and more effectively
complete the primary task without taxing their mental
load. While this may suggest the presence of a negative
link between feedback interventions and group
workload, we resisted the temptation to propose a
negative link since interventions do not necessarily
reduce stress (one of the three components of
workload). In fact, feedback interventions can in some
cases enhance workload-related stress [35].

3.3. Feedback interventions & collective mind

A central thesis of this paper is that interruptions in
the form of feedback interventions can directly
influence cognitive capacity. According to capacity
theory, attentional resources are allocated to a given
task, within the bounds of overall capacity [16]. Hence,
cognitive capacity refers to the stock of attentional
resources that can be channeled to a given task.
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As mentioned earlier, prior research has mostly
presented the link between interruptions and cognitive
capacity indirectly, by positing that interruptions
increase task demand, while cognitive capacity can
allocate attentional resources to the task to mitigate the
adverse effect of interruptions [10, 13]. However, we
have suggested earlier that feedback interventions can
directly influence cognitive capacity, by providing new
information that is directly relevant to completing the
primary task [14, 18, 23]. According to capacity
theory, capacity is not fixed but can be expanded by
certain information processing modes [16].

One way that cognitive capacity can be enhanced
by interruptions is via the notion of “mindfulness” [18,
49]. Mindfulness involves paying attention to
situations and contexts, actively attending to new
information, openness to different views, heedfully
interrelating actions, and focusing on process rather
than outcome [49]. The information provided by
feedback interventions involves new events that allow
NPD group members to expand existing cognitive
capacity and switch to a more mindful mode of
information processing [14, 18]. According to control
theory and the literature on feedback [31], when
specific task-related feedback reveals a discrepancy in
performance, a state of enhanced attention is created,
where cognition, motivation, and effort are channeled
toward the source of discrepancy. Such mindfulness is
especially triggered if the intervention contains new,
unexpected information [18].

A group-level perspective can be adopted for both
feedback interventions [40] and cognitive capacity
[50]. First, we do not focus on individual feedback
interventions (e.g., a performance report for an
individual group member), but rather, on the aggregate
effect for the NPD group. Examples of group-level
discrepancies may include an inquiry on a failed
prototype testing, which requires redirecting the
attention of the NPD group toward resolving that issue.
Second, collective cognition theories, such as
distributed cognition theory and collective mind [50]
allow us to conceptualize cognitive capacity at the
group-level. Indeed, recent research has used
distributed cognition theory to study the effect of
interruptions on collective cognitive capacity [23]. In
our context, we suggest that mindfulness as cognitive
capacity is manifested at the group-level as the group’s
collective mind, defined as a pattern of heedful
interrelation of actions among group members [50].

Feedback interventions activate the group’s
collective mind. They provide group members with
windows of opportunity to refocus on the primary task,
discuss sources of discrepancy, and better perform the
task through collective action [19]. As an example in
NPD, a performance report that reveals a discrepancy

in the results of a prototype test is likely to interrupt
the ongoing task and direct the attention of the NPD
group toward the source of discrepancy. Group
members with highly interdependent activities are
motivated to learn about and fix the problem. Since
that discrepancy could come from many sources such
as a faulty product design, wrong elicitation of
customer  requirements, process engineering
inefficiencies, and so forth, the interruption is then
likely to activate a collective information processing
mode where group members mindfully attend to the
new information, heedfully interrelate their actions,
and carefully attend to contextual cues in order to
resolve the issue. NPD group members’ actions are
thus guided by an increased awareness of how their
own efforts are related to those of others.

Although this link has not been tested empirically,
some studies provide implicit support. For instance, it
was found that formal interventions helped focus a
group’s attention and efforts on improved ways of
collectively completing the task [5]. Similarly, when
groups working in a coordinated fashion were given
feedback that revealed a discrepancy in performance,
they were motivated to increase their efforts and “work
smarter — not only harder” [52: pp. 314].

Proposition 3: Feedback interventions are positively
associated with the NPD group’s collective mind.

3.4. IT usage and knowledge integration

The NPD process is complex and wide-scoped [1].
Knowledge for various tasks is fragmented and
distributed throughout the firm. IT is used to facilitate
the integration of such dispersed knowledge, by
transgressing physical and temporal boundaries,
mapping expertise, and providing a common platform
that allows NPD group members to reconfigure and
build on each others’ knowledge. For instance,
workflow technologies disseminate documents and
directives that aid knowledge integration [7].
Knowledge repositories allow NPD group members to
draw on their own as well as on others’ critical task-
related knowledge [33]. Similarly, IT-enabled
knowledge networks (e.g., online discussion forums)
allow distributed NPD group members to draw on an
extended base of expertise useful for their projects.
While empirical evidence is still scant, some support
for this relationship can be discerned from the
literature. For instance, knowledge management
systems positively influenced organizational learning
[53], and knowledge application in NPD [54]. Also, it
was found that IT use for knowledge management
positively affects the NPD group’s ability to acquire,
assimilate, transform, and utilize knowledge [33].
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Proposition 4: IT use in NPD is positively associated
with knowledge integration among the group.

3.5. Group workload, collective mind &

knowledge integration

Both heedfully interrelating individual actions
(collective mind) and combining disparate knowledge
elements (knowledge integration) can be impeded by
various aspects of group workload defined earlier,
including mental demand, time pressure, and stress.
NPD group members under high workload resulting
from intrusions are less likely to expend the necessary
cognitive resources required for such forms of
collective cognition. First, increased mental demands
induce group members to work more independently
[48], seek established knowledge structures and retreat
to overlearned situations [55]. Empirically, it was
shown that intrusions occurring among healthcare
groups increased demands with resulting breakdowns
in communication and coordination [56].

Second, the temporal aspect of group workload also
impedes collective mind and knowledge integration.
With increased time pressure, group members — in an
effort to conserve cognitive resources — are less likely
to engage in effortful thought requiring interrelating
thought patterns, and more likely to resort to less
information processing, initial impressions, and
reliance on simple and general knowledge structures
[55]. Knowledge integration is complex, costly, slow,
uncertain, and requires significant cognitive effort [1].
Hence, it becomes undesirable or unattainable at high
temporal pressures resulting from intrusions. Indeed,
individuals under time pressure reduce external
information search and constrain efforts to stable
internal evaluations [57]. A study of NPD groups
found that constant interruptions with new information
impeded group members’ knowledge integration from
external sources [58]. Perlow’s [48] classic study of
NPD software engineers also demonstrates that under
time pressure group members collaborate less and even
shut themselves out from interrelating their work with
that of others through periods of “quiet time”.

Third, it is not only actual lack of time that causes
aversion of collective cognition, but also the stress
resulting from increased group workload, which leads
to reliance on less cues and simpler knowledge
structures [59]. It was found that both individuals and
groups under stress revert to information processing
that is well-learned, less cognitively demanding, less
newly derived, and leading to closing up, rather than
opening up the group’s cognitive interactions [14].
Hence, we propose the following:

Proposition 5: Group workload is negatively
associated with collective mind.

Proposition  6: Group workload is negatively
associated with knowledge integration.

3.6. Collective mind & knowledge integration

Collective mind enables knowledge integration. By
heedfully interrelating their continuing day-to-day
actions, NPD workers can be better at combining their
multiple sources of dispersed expertise while being
aware of the commonalities and idiosyncrasies of
others’ contributions. It seems reasonable to assume
that paying attention to new situations and contexts,
carefully reviewing new information, being open to
new stimuli, and acting with heed with respect to
others’ ideas and actions are all qualities that may
enable effective knowledge integration. Earlier, we
defined collective mind as a collective cognitive
capacity. Integrating dispersed NPD knowledge
fragments requires vast attentional resources, and
restrictions to such capacity limits knowledge
integration [1, 60]. Such resources are afforded by the
group’s collective mind.

Although not directly tested, theoretical and
empirical evidence in the literature implicitly supports
such a link between collective mind and knowledge
integration. For instance, Nonaka [61] argued that
individual cognitive capacities are leveraged and
combined to influence organizational knowledge
creation. Furthermore, drawing on Grant [1], Huang
and Newell [62] conceptualized collective mind as a
pattern of continuous practice by NPD group members
to enable seamless coordination between their actions.
They found that such a collective mind enhanced the
efficiency of the group’s knowledge integration efforts.
Another study showed that collective mind mediates
the impact of social identity on knowledge integration
among organizational units [63]. A survey of self-
managing groups revealed that groups characterized by
a ‘“high-care” atmosphere are better at knowledge
transfer and creation [64].

Proposition 7: The NPD group’s collective mind is
positively associated with knowledge integration.

3.7. Moderating effects

Interruptions have an impact on the immediate task
at hand [10]. But in a process such as NPD, members
are typically multitasking and this is greatly enabled by
the use of IT. Hence, in this context an interruption
may affect several tasks simultaneously. For instance, a
feedback intervention, while having a positive effect
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on a particular task as group members address the
source of the discrepancy, may negatively intrude on
other tasks that are left behind. However, such a spill-
over effect occurs mostly if group members have low
multitasking ability. Indeed, McFarlane [21] observed
that individuals with higher multitasking abilities were
able to mentally simulate their interrupted tasks, and to
better handle them upon resumption. Similarly, Nagata
(2006) found a positive moderation effect of
multitasking ability on the link between instant
messaging intrusions on a mobile device and web task
performance. A high multitasking ability allows group
members to adequately manage their tasks and
minimize the adverse spill-over effects that one
interruption may have on other tasks in their portfolios.

Proposition  8: Multitasking ability negatively
moderates the effect of intrusions on group workload.

Task demand is decreased when interruptions occur
at subtask boundaries [9]. Such control of interruption
timing can be afforded by IT-based context awareness
(e.g., a system that detects group members’ availability
and workload). Indeed, it was found that awareness
display systems helped team members mitigate the
influence of intrusions by initiating their information
requests when other members were less busy [15].
Similarly, a study of healthcare physicians found that
these were able to have better workload distribution
when their interruptions were regulated through the use
of electronic whiteboards that provided situational
awareness of their tasks [22].

Proposition 9: Context awareness systems negatively
moderate the effect of intrusions on group workload.

4. Discussion

Before discussing the implications of the paper,
some limitations are mentioned. First, our framework
omitted interruptions that are not caused by IT, such as
organizational disruptions (strikes, restructuring, etc.)
and structural group changes. While we recognize that
a myriad interruptions could be included, this paper
constrained the analysis to IT-induced ones since our
interest was on how IT use influences knowledge
integration in the context of interruptions. Yet, our
definition is broad enough to incorporate non-IT
induced interruptions. Second, only two interruption
types were considered. While this has limited the scope
of the discussion to something more manageable, we
recognize that other interruptions (e.g., breaks and
distractions) may have alternate effects on the NPD
group (although they may be less applicable to the
group-level, and may be internal). Third, we did not

theorize on the influence of interruptions on NPD
performance. As mentioned earlier, task performance
has been amply covered in the literature, and we
believe there are other interesting paths to knowledge
processes and outcomes that should also be focused on.
These limitations notwithstanding, this paper has
several implications for theory and practice. It provides
a better understanding of how NPD knowledge
integration, which is critical to NPD performance, is
influenced by IT use. An underresearched form of
impediment to knowledge integration has been
examined; namely interruptions to group work. We
have argued that IT use directly enhances knowledge
integration, but that it also has an indirect effect via
two alternate interruption paths that either facilitate or
inhibit NPD knowledge integration. What determines
the impact of this partial mediating effect is whether
the interruption diverts group members from their
primary task (intrusion), or refocuses them on the task
(feedback intervention). In the former case, group
members become cognitively overloaded and revert to
simple knowledge structures requiring less effort,
whereas in the latter they experience an enhanced
collective mind that facilitates knowledge integration.
Our approach extends the extant literature by focusing
on group-level effects of interruptions, positive and
negative impacts of interruptions, organizational
settings rather than simulated problem-solving, as well
as by suggesting new insights from looking at the
cumulative effects of IT, task demand, and cognitive
capacity in interruptions research. Most prior research
has either overlooked the role of IT in interruptions [5,
13, 14], or held the effects of IT constant by examining
a specific technology [9, 10, 34]. Instead, we explicitly
model the role of specific NPD-related IT usage and
examine its effects on various types of interruptions.
This framework is also useful to guide practitioners
on the use of IT to facilitate knowledge integration in
their NPD groups. Specifically, IT should be used as to
mitigate the effects of intrusions and leverage the
benefits of feedback interventions. First, NPD group
members should electronically store information about
their projects that is of sufficient quality and specificity
as to reduce the likelihood of being interrupted with
requests for information and clarification (intrusions).
Second, discussions on the intrusive information
requests can be stored in the repository along with the
original information to minimize future intrusions.
Third, better indexing and search technologies can be
used to improve retrieval and reduce intrusions [27].
Fourth, IT can be used to control the timing of
interruptions [15]. Finally, the information should be
detailed enough to allow for receiving feedback
interventions that better reorient group members
toward successfully completing the primary task.
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