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Abstract

Continuous  product development and market
introduction of new products are central to sustaining
company performance, and information systems (IS)
development project managers face increasing pressure
for quicker product delivery, despite cost constraints.
To respond to these challenges, virtual and distributed
(V&D) teams are formed, which present a unique
environment to foster collaboration among the project
team members. We investigated the sources and effects
of team members’ perceived level of collaboration on
creative group problem solving in V&D IS project
settings. Based on relational coordination theory, we
performed semi-structured interviews and used a Q-
methodology to confirm certain communication and
relationship dimensions as precursors to collaborative
environments. Using empirical tests, we found that
relationships have a direct effect on creative group
problem solving and that communication is mediated by
perceived collaboration. We present practical
implications and recommendations for V&D IS project
managers for enhancing creative problem solving for
V&D IS projects.

1. Introduction

The continuous development of information
systems (IS) and the provision of unique solutions to
business challenges are key contributors to a company’s
competitive advantage and sustained performance [1-5].
Customers demand cutting-edge projects, and, to deliver
them, companies need to respond to an ever-changing
business environment [6]. In this regard, creativity is
receiving increasing attention in the IS development
context [7]. To achieve creative results that make an
organization competitive, 1S development needs the
collaborative effort of individuals with unique skills,
expertise, and insight [8]. Further, in response to time
and cost constraints, IS development project managers
often seek talent outside of organizational or geographic
boundaries. This recent phenomenon involves virtual
and distributed (V&D) teams’ collaborating using
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email, telephone, and collaboration software, such as
Wrike, SmartSheet, Gantter, Zoho, Asana, Bitrix24, and
so forth. Finally, project managers of V&D teams need
to understand the attributes of the environment in which
team members work to promote the benefits that the
combined knowledge and skills of all individuals offer
[9-11].

The literature includes a number of definitions of
V&D teams [12-16] as including certain common
characteristics, such as geographic dispersion or cross-
boundary collaboration [12, 17-24], driven by a
common purpose [12, 13, 19, 20], and enabled by
communication technologies [17, 18, 22]. Other
characteristics of V&D teams include temporary
assignment [14, 19, 23-25], knowledge workers as team
members [19, 26], and the use of contractors or other
temporary consultant work relationships [14, 27]

The literature also indicates that IS stimulates and
enhances creativity [28]. Therefore, in this study, we
investigate the antecedents of creative group problem
solving during the IS development process, using a
group rather than individual unit of analysis [38].

Gittel’s relational coordination (RC) theory [29-32]
found that the communication and relationship
dimensions of work coordination positively affect team
performance. Previous studies linked combining of
diverse skills promoted creativity, which in turn,
increased team performance. [33-37]. Thus, to better
understand the collaborative environment and its effect
on creative group problem solving, we grounded our
research in RC theory. We followed this theory by
identifying the communication and relationship drivers
of a V&D IS team. We performed semi-structured
interviews and used a Q-methodology method [39, 40]
to identify the communication and relationship
dimensions of a collaborative work environment.
Subsequently, we investigated the effect of a
collaborative work environment on creative group
problem solving. To this end, our research was guided
by the following research questions:

e What are the communication and relationship
dimensions in the V&D IS project environment?

e To what extent does a collaborative work
environment increase creative group problem
solving?
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We propose a structural model to reveal the
relationship among the previously identified constructs
and empirically validate the proposed hypotheses. We
also discuss the practical, methodological, and
theoretical implications of this study.

2. Research Design and Methods

To evaluate the effect of perceived level of collaboration
ina V&D IS project context on creative problem solving
as a group, we used the steps presented below:

1. Weinterviewed 84 V&D IS project members using
a semi-structured interview protocol. The aim of the
interview was to understand team members’
perspectives on the attributes of a collaborative
work environment that contributes to creative
problem solving as a group.

2. We developed 42 Q-sort statements, derived from
the interviews and grounded in RC theory. We
asked respondents to sort the statements based on
their level of agreement/disagreement on a -4 to +4
scale.

3. By-person factors were extracted to identify the
respondent types and their perspectives on the
attributes of an  effective  collaborative
environment. The five factors retained represent a
group of statements that characterize the
respondents’ perspectives. Of these five, three
factors (transparent, consistent, and
accountable/credible)  were  considered  the
communication dimensions of the perceived
collaborative work environment, and two factors
(trust, and shared values and expectations) were
considered the relationship dimensions of the
perceived collaborative work environment.

4. We proposed a structural model to represent the
sources of the perceived level of a collaborative
environment and its relation to creative problem
solving as a group.

5. We investigated the mediating effect of the
perceived level of a collaborative environment on
creative group problem solving.

2.1 Q-Methodology

To explore the V&D IS project team members’
attitudes toward creative problem solving as a group, we
used a Q-methodology [39, 40], a qualitative-
quantitative method used to explore, analyze, evaluate,
and compare perspectives (e.g., viewpoints, opinions,
beliefs, attitudes) in a holistic manner [41]. Specifically,
Q-studies are designed to extract the different
viewpoints of the participants while identifying the
similarities and distinctions across all opinions.

We chose a Q-methodology over a Likert-type
survey questionnaire because the Q-methodology
allows participants to express their perceptions and
meanings through sorting pre-developed general
statements within previously identified domains. Q-sort,
therefore, creates an operational medium sort [42] that
circumvents the potential response biases that are found
in self-report methods that utilize instruments developed
through operational views of constructs and other
theoretical formulations [43]. As Smith (p. 122) [44]
stated, “Studies using surveys and questionnaires often
use categories that the investigator imposes on the
responses. Q, on the other hand, determines categories
that are operant.”

A Q-methodology involves a three-stage process
[39, 471:

1. Researchers develop a set of statements about
the topic to be sorted. The Q-sort used for the
sorting were developed by the research team
using rigorous steps following the grounded
analytical approach [45, 46]. We used constant
comparison and selective, axial, and open
coding in accordance with grounded theory
principles [48, 49]. Using Dedoose a
qualitative data analysis software, for our
multiple round coding and analysis activities,
we identified the categories and subcategories
of creative problem solving as a group in a
V&D IS project environment as perceived by
project team members across different
functional areas within the project. These
categories formed the basis of the development
of the Q-sets, which contained the Q-
statements that were to be organized by
respondents to reveal their viewpoints.

2. The participants sort the statements into agree,
disagree, and neutral decks and then further
classify them within the agree-and-disagree
spectrum. By sorting the statements from least
to most agreement, they give meaning to the
statements and reveal their viewpoints [44, 50].

3. Finally, these individual rankings are subjected
to by-person factor analysis [51]. By
correlating people’s sorting order responses,
by-person factor analysis provides insight into
similarities and differences in regard to a topic.
The resulting factors are clusters of
subjectivity that represent functional rather
than purely logical dissimilarities [39, 52]. Q-
methodology fits our approach well, as these
clusters or segments provide insight into the
nature of respondents’ subjectivity and the
extent to which they are dissimilar or similar.

We received multiple factors (18-29) for each
defining sort with composite reliability > 0.89. Variance
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explained in each segments ranged between 9% and
17%.

The qualitative translations of the factors resulted
in transparent, consistent, and accountable / credible
communication. We also determined two factors that
represent the relationship dimension: trust and shared
values and expectation.

3. Research Model and Hypotheses

We propose a theoretical model, shown in Figure 1,
of the effect of communication and relationship factors
on creative group problem solving in a V&D IS project
team environment. Although other factors may be
involved in creative group problem solving, for the
purposes of this study, we evaluate the factors related
only to communication and relationships and their
impact on the perceived level of a collaborative
environment as antecedents to creative group problem
solving.
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Figure 1. Proposed theoretical model

3.1 Perceived collaboration in a V&D IS project
environment

Collaboration is necessary in a work environment
with high task interdependency. Johnson and Johnson
[53] noted that working in a collaborative team
environment fosters significant learning gains and
creative problem solving. For the purposes of this study,
we define a collaborative environment as a work setting
in which individuals deliver their tasks in a way that
satisfies the interests of other individuals dependent on
the deliverable. In the context of V&D IS development
teams, members have specialized skills necessary for
the success of the final product. Although certain tasks
are completed by individual members, the work product
is dependent on others’ deliverables [54].

3.2 Perceived collaborative environment and
creative group problem solving

Creativity refers to the creation of new and novel
ideas in any domain [55, 56]. Drazin, Glynn, and Kazanjian

[88] defined creativity in the IS domain as the degree to
which a project team’s processes are novel in the context
of the project’s objectives. Perry-Smith and Shalley [89]
found that team creativity is a social process emerged
from individual contributions. Tiwana and McLean [7]
proposed in their expertise integration and creativity
study in the 1S domain that collaborative environment is
a necessity for team creativity due to interrelation of
ideas and unique skills. As noted by Amabile et al. [57],
many factors affect creativity at the workplace; in this
study, however, we focus on the relationship between
the perceived collaborative environment and creative
group problem solving. Because the work environment
is found to be a stimulant to creativity [57-60, 7], we
hypothesize:

H1: A higher level of the perceived collaborative work
environment will increase the level of creative group
problem solving.

3.3 Antecedents of
environment

collaborative work

Creative group problem solving depends not only
on a team’s being composed of complementary
knowledge and expertise alignment but also on the level
of relational capital that individuals build during the
project [7] and the communication among members to
enhance work group innovation 61]. The facilitation of
creative group problem solving can be particularly
difficult in a V&D work environment.

Communication as a precursor to teamwork
outcomes has been studied by numerous scholars in a
variety of industries and contexts [62-65] and has been
linked to product innovation [66]. In a V&D IS project
environment, communication is especially important
due team members’ dispersion across geographic,
temporal, cultural, and organizational boundaries.

As noted, to coordinate team members’ individual
efforts and inputs, V&D IS project team managers make
extensive use of communication technologies [17, 18].
As a result of our semi-structured interviews and Q-
methodology evaluation method, we found that the
common attributes of these technologies were their
ability to support transparent, consistent, and
accountable/credible communication. These indicators
are aligned with Gittel’s [29, 30] RC framework, which
proposes frequency, timeliness, accuracy, and problem-
solving ability as dimensions of communication. In this
regard, we posit:

H2: A higher level of perceived communication will

positively influence the perceived level of a
collaborative work environment.
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The indictors of the relational dimension were
previously identified through our Q-factor analysis. We
found that the extent of trust and shared values and
expectations define the relationship in a team
environment. These indicators are aligned with Gittel’s
[29] RC framework, which proposes shared goals,
shared knowledge, and mutual respect as relational
dimensions. In this regard, we postulate:

H3: A higher level of a perceived relationship will
positively influence the perceived level of a
collaborative work environment.

3.4 Measurement of the level of perceived
collaborative work environment

Following studies that employ RC [29, 32] as an
indicator of satisfaction or performance outcome, we
used a composite score to measure the extent to which
V&D IS project team members perceive their project’s
environment to be collaborative. We adopted the
measures from Gittel’s [29, 32] survey items and
modified them to our researcher-developed
communication (transparent, consistent, and
accountable/credible) and relational (trust, and shared
values and expectations) constructs.

4. Research Methodology

Projects were chosen based on a variety of factors. We
targeted V&D IS projects based on similar coordination
complexities, and, because we considered task
interdependence as a major factor, we utilized
Thompson’s classic typology [54]. The common
stakeholder groups across the chosen projects were the
project managers (PM), business analysts (BA),
developers (DEV), end users (EU), and quality
assurance team or testers (QA). The common objects on
which they reciprocally depended were requirements,
functional design, technical design, test cases, defect
track log, and end user documentation. We initially met
with eight project managers from three different
industries: healthcare, professional services, and
logistics, and explained the purpose of the research.
They managed small- to medium-sized projects,
including IS implementation and maintenance projects
that involve all phases of the software development life
cycle. The teams are partially or entirely distributed
geographically and include contractor team members
who are not full-time employees of the firm to which the
project is delivered. Therefore, the V&D IS project
teams experienced relatively high turnover between
projects, which posed additional challenges for project
managers. The managers were chosen from the authors’
professional network and agreed to support the project

by providing management sponsorship and allocating
time for their team members to meet with the research
team. The teams were small- to medium-sized and
included 12 to 28 people across the previously identified
stakeholder groups.

4.1 Measurement Development and Survey
Administration

Measurement items were adopted from the relevant
literature and altered for the context and purposes of this
study. For indirect, reflective measurement items,
respondents were asked to use a 5-point Likert scale (1
= strongly disagree, 5 = strongly agree). We
administered a pilot study to five project managers and
asked for feedback. We reviewed the feedback and
finalized the survey, which consisted of eight main
measurement items and two items for control variables.
The level of the perceived collaborative environment
was measured by five questions, one for each item
identified through our by-person factor analysis. Each
of the identified items, however, had a subsection with
five additional questions, which concerned the same
measurement item but as related to other stakeholder
groups. The three measurement items for creative group
problem solving were adopted from Tiwana [7].
Overall, there were 30 items, which we distributed
among the six V&D IS projects in the form of a link to
an online survey, for which the initial page provided
consent and explained definitions. Participation was
voluntary, and we received 91 responses during our data
collection in January 2016.

5. Data Analysis and Results

Partial least squares (PLS) was used to validate and
test our measurement and structural models, for which
we used SmartPLS Statistical Software for Structural
Equation Modeling (version 3.2.1 Windows 64 bit). The
PLS statistical method, a component-based latent
structural equation modeling technique, provides more
flexibility in terms of sample size and residual
distribution [67-69].

5.1 Measurement Validation

Following common practice in PLS-PM analysis, we
first investigate the reliability and validity of the
measures used to represent the latent variables [70]. As
required by PLS-PM, all indicator variables relate
positively to their respective latent variables [71].

We achieved internal consistency that exceeded
0.90, which was considered adequate for all principal
constructs. Construct validity was tested through
convergent (items that should be related are, indeed,
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related) and discriminant (items that should not be
related are, indeed, not related) validity checks. We
found that correlations among all constructs were below
0.90 but, to an extent, were related, and almost all were
statistically significant at the p < 0.05 and p < 0.01
levels. The square root of average variance extracted
(AVE) was greater than that of any other cross-
correlations, and AVEs were greater than 0.5, which
indicates that the principal constructs capture higher
construct-related than error-related variance. Principal
component factor analysis showed that all items loaded
on their corresponding constructs and with higher factor
loadings than cross-loadings, while confirmatory factor
analysis confirmed that items loaded to their principal
constructs with clear loading patterns.

We tested for common method bias that, due to
something external to the measures, may occur in self-
report questionnaires. Specifically, bias can occur when
one factor accounts for most of the variance, based on
item construction, item order, audience, scale used, and
so forth [72]. As per Podsakoff et al. [72], we employed
Harman’s single-factor test, using exploratory factor
analysis, as seen in the literature [73-77]. This resulted
in nearly equal variance loadings across the factors and,
thus, no indication of common method bias. The
previously determined correlation among constructs did
not show an extreme correlation (>0.90), as the highest
construct correlation was 0.68. We also tested for partial
correlations, as recommended by Podsakoff et al. [72],
adding the highest loaded factor into the PLS model as
another control. None of the dependent variables
increased significantly, and, as such, no common
method bias was indicated.

5.2 Control Variables

We chose two control variables from the literature:
technological uncertainty and project stage [7].
Technological uncertainty refers to the phenomenon in
which skills and resources change to better adapt to the
challenges of the project. A measurement scale, adopted
from Poppo and Zenger [78], showed that team
members who undertake projects characterized by
higher technological uncertainty are more likely to use
creative methods to address challenges. Project stage at
the time of survey was asked in 20% increments (0-20%
= initial phase, 20%-40% = requirements gathering and
design phase, 40%-60% = development phase, 60%-
80% = testing/deployment phase, 80-100% =
maintenance phase). As recommended by Tiwana and
McLean [7], with this control variable we control for the
possibility that team members use different levels of
creativity in different stages of the project.

We excluded the potential confounding effect of the
history of working together [79]. Specifically, we
excluded this variable as it may be correlated to both the

independent and dependent variables. Therefore, we
studied team members involved in projects that were
formed for the purpose of the deliverable on which they
were working on at the time of the survey.

Limited missing values were returned for these
control variables, handled through the mean imputation
method [80]. Prior to our research model analysis, we
performed a complete control variable analysis. Control
variables had a significant relationship with at least the
endogenous variables and, to ensure that their effect was
accounted for, were included in the final structural
model. Their effect is statistically significant, but they
had limited effect on the structural model’s endogenous
variables, measured through a change in the coefficient
of determinants with and without the control variables
(4R=<0.1).

5.3 Structural Model Test

We tested the structural model against the
hypotheses through path coefficients, statistical
significance, and R-squared value. Path coefficients
concern the strength of the relationship between the
independent and dependent variables, and R-squared
values indicate the predictive power of a model [81]. We
used a nonparametric bootstrapping technique to
calculate the t-statistics values in SmartPLS to
determine the statistical significance of the path
coefficients [82, 83]. We used the full sample to test the
six hypotheses that we developed. The standardized
PLS path coefficients, Rz, total and mediated effects,
and control variables used to test the structural model
are shown in Figure 2.
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Figure 2. Path coefficients in the structural
model

The standardized regression coefficients are
generated first, followed by bootstrapping. Resampling
with replacement at least 1,000 times is necessary for
valid t-values, as suggested by Chin et al. [84]. R-
squared (R2) values are reported for endogenous
construct, as suggested by Hulland [85].
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As hypothesized, the perceived collaborative
environment has a significant positive direct effect on
creative group problem solving (b = 0.349, p < 0.05),
explains 23 percent of its variance, and supports H1. The
communication construct has a significant and relatively
strong positive effect on the perceived collaborative
environment (b = 0.463, p < 0.05), explains 29 percent
of its variance, and supports H2. The relationship
dimension did not indicate a significant positive effect
on the perceived collaborative environment (b = 0.295,
p > 0.05) and did not support H3.

5.4 Mediation Analysis

Mediation is seen when an intervention influences
an outcome and has a temporal and causal relationship.
Mediation analysis can be used to determine a more
successful and cost-effective approach when it is
developed using a prior theory and within the
appropriate context.

When a predictor variable’s significant effect on the
outcome variable weakens through the introduction of a
mediator, an indirect or mediated effect is supported
[86]. Full or complete mediation is seen when the
significant effect between the predictor and outcome
variables become zero when the mediator variable is
added. If the effect or relationship is reduced in size,
then one sees partial mediation [87].

To test the mediating effect of a perceived
collaborative environment, we used Baron and Kenny’s
[86] test for mediation with two additional models. The
first model excluded the perceived collaborative
environment mediator, enabling us to directly link the
communication and relationship dimensions to creative
group problem solving. The second test model involved
the mediator of a perceived collaborative environment
but also included a direct link from the communication
and relationship dimensions. We found that
communication had a significant effect on creative
group problem solving when not mediated by a
perceived  collaborative  environment but an
insignificant effect on creative group problem solving
when not mediated by a perceived collaborative
environment.

6. Discussion

The overarching goal of this paper was to
understand the sources of collaborative work
environments and evaluate their mediating effect on
creative group problem solving in the V&D IS
development context. Our research was grounded in RC
theory and explored its possibilities from a V&D IS
development perspective. Our approach, theoretical
framework, and findings extend the literature and

provide significant implications to academia and
practice.

Our Q-methodology approach is a unique way of
evaluating the V&D IS project team members’
viewpoints on the collaborative and creative
environment of their project. Our approach covered all
major stakeholders in the project, and, therefore, we
obtained a complete evaluation of the team members’
perspectives. As a result of our Q-methodological
analysis, we found trust and shared values and
expectations the sources of relationship. This reflects
what the literature [7] shows. Tiwana & McLean [7]
measured relational capital through trust, mutual
respect, and high reciprocity. Gittel’s [29] relational
dimensions include shared goals, shared knowledge,
and mutual respect. We adopted a mic of these
measurement items from the literature in our survey.

Following the literature, we theoretically developed
the idea that the perceived collaborative environment
mediates the relationship between the communication
dimension and creative group problem solving, which
was our outcome variable. We also found that the
relationship dimension, a hypothesized dimension of
perceived collaborative environment, was found to have
a direct effect on creative group problem solving.

The direct effect of the relationship dimension on
creative group problem solving has important
implications for managers in the V&D IS project
setting. First, we found that trust and shared values and
expectations, the direct measures of a relationship,
among project stakeholders have an immediate and
direct effect on creative group problem solving. In
contradiction, Tiwana & McLean [7] found relational
capital’s indirect effect on creativity. Because the
literature did not establish this direct connection, our
findings extend the literature and have implications for
practice. V&D IS project managers should consider that
nurturing and encouraging the relationship of
geographically dispersed team members have a positive
direct effect on creative group problem solving.
Therefore, the dimensions (1) trust and (2) shared values
and expectations need to be created and encouraged.
Project managers actively need to be involved in the
group and individual communications to encourage
respectful interactions and clarifications on the mutually
agreed upon expectations. The shared goals and
expectations coupled with trust may promote unique
and novel solutions to better accomplished the goals.

The other findings of the test of our structural
model revealed that communication is mediated by the
perceived level of the collaborative work environment.
The three indicators of communication, namely
transparent, consistent, and credible/accountable, have a
direct effect on the perceived level of collaboration. In
turn, the higher the perceived level collaboration, the
higher the creative group problem solving will be.
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Therefore, our findings suggest that V&D IS project
managers should provide the technological support that
enables and, on occasion, mandates V&D IS project
team members to communicate their progress status, the
issues they face, and the tasks they work on and wait on
and to share knowledge. Such communication will keep
other members updated, allow challenges to surface,
and enable the sharing of expertise, all of which increase
the perceived level of collaboration among V&D IS
project team members.

7. Limitations and Future Research

Although we extend the literature by exploring the
driving forces of creative group problem solving in the
V&D IS development project setting, there are several
limitations of our study. First, it must be noted that there
are numerous well-studied other antecedents of
creativity at both the organizational and individual
levels. We focused on only a subset of factors—
communication and relationship—that influence, both
directly and indirectly, creative group problem solving.
This is clearly indicated by the relatively low R? values.

We depended on V&D IS project team members’
subjective input with regard to the outcome variable,
creative group problem solving. We used established
measures [7, 78] to assess creativity based on
respondents’ input; however, because they rated
creativity on their own work, there is the potential for
bias. Thus, it may better to depend on the project
managers’ input exclusively for this construct. Further,
the variance modeling in this study concerned the
creativity of the team’s process. A true process
observation for creativity would require longitudinal
data.

Although the unexpected direct effect of the
relationship dimension on the dependent variable is an
important finding of this study, future research should
using different project sizes and other attributes to study
creative group problem solving

8. Conclusion

An understanding of the sources of a collaborative
work environment, in view of RC, and their direct and
indirect effects on creative group problem solving could
provide benefits for organizational creativity. Notably,
the collective creative problem solving of team
members depends on the proper environment created by
transparent, consistent, and accountable / credible
communication with the use of technology. On the other
hand, project manager fostered relationship based on
trust and shared values and expectations directly
influence the group level creative problem solving.
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