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ABSTRACT  

Information system development is largely dependent on social interaction and team work. Team composition, team 
processes, and behavior among, and agile practices used by team members play an important role for the success of 
information system development projects. Organizational psychology research found team diversity and collective 
intelligence to be important factors for team performance. In this research-in-progress paper, we propose a model 
and research design to investigate the effects of team diversity, collective intelligence, interpersonal relationships, 
and cognitive styles on team efficiency in agile software development. The proposed model combines recent 
research in the field of organizational psychology with agile information system research to provide a better 
understanding of the effects of team diversity, collective intelligence, and team efficiency.  

Keywords 

Agile Software Development, Diversity, Collective Intelligence, Interpersonal Relationships, Cognitive Styles, 
Efficiency, Team Composition, IS Development, IS Project Management  

INTRODUCTION 

Agile information system development (ISD) methods are increasingly popular in the industry (Conboy, 2009, Dybå 
and Dingsøyr, 2008, Fitzgerald, Hartnett and Conboy, 2006, Lee and Xia, 2010, Williams, 2012). With increasing 
diversity among agile ISD (henceforth AISD) teams and an increased need for team management, it has become 
important to understand the mechanisms of action in AISD teams (Berger and Beynon-Davies, 2009, Goh, Pan and 
Zuo, 2013, Lee and Xia, 2010, Persson, Mathiassen and Aaen, 2012, Sarker, Munson, Sarker and Chakraborty, 
2009). 

Team-level research in AISD, on the other hand, is scarce (Lee and Xia, 2010), although AISD is mostly conducted 
in teams and is quintessentially a team effort (Siau, Long and Ling, 2010, White and Leifer, 1986). Moreover, so far 
results are inconsistent. For example, some studies suggest that AISD methods work best for highly cohesive (non-
diverse) teams (Cao, Mohan, Xu and Ramesh, 2009, Fruhling and de Vreede, 2006), and cohesiveness could be the 
main reason for successful ISD (Chin, 2003). Others find that diversity amplifies creativity and communication and 
therefore contributes to the success of AISD methods (Bear and Woolley, 2011, Lee and Xia, 2010, Phillips, 
Northcraft and Neale, 2006). This conflict between diversity and cohesion is acknowledged (e.g., McAvoy and 
Butler, 2009b), and it is pointed out that contradicting effects exist, especially on the efficiency of decision making. 

Research on teams also has identified a “need to move beyond the simple diversity-affects-performance model in 
order to think in more complex ways about how and under what conditions a diversity of expertise in groups might 
promote or inhibit group effectiveness” (Van Der Vegt and Bunderson, 2005, p. 542). Similarly, researchers call for 
more empirical research on how diversity affects team performance in general (Van Der Vegt and Bunderson, 
2005), in AISD (Lee and Xia, 2010), and on team-level effects in AISD (Conboy, 2009, Hong, Thong, Chasalow 
and Dhillon, 2011, Mangalaraj, Mahapatra and Nerur, 2009, McAvoy and Butler, 2009a, McAvoy, Nagle and 
Sammon, 2013). 

In order to shed light on the diversity-performance debate, and to conceptualize this for the domain of AISD, we 
suggest to build on insights from recent studies on team work to propose a model answering the calls for further 
conceptualization and investigation. Contemporary studies find that collective intelligence (CI) of a team is an 
important explanation of a team’s performance on a wide variety of tasks (Woolley, Chabris, Pentland, Hashmi and 
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Malone, 2010). Specifically, AISD teams are involved in very different phases over a project’s lifecycle (i.e., 
planning, implementation, introduction, etc.), of which each demands different specializations and includes different 
kinds of tasks. Providing deeper insights into benefits and downsides of team-level effects in regard to different 
phases of the AISD lifecycle would benefit both research and practice. Further, research indicating both increases 
and decreases in team performance based on team composition (i.e., diversity and CI), giving recommendations on 
how to compose teams might reduce the number of failed projects and therefore might lead to a decrease in costs. 

Building on this, we propose a model that explicitly focuses on the social-behavioral aspect of AISD to explain 
“how the work is done” (Sawyer, Farber and Spillers, 1997, p. 47), as have done others in the IS discipline (e.g., 
Kautz, Madsen and Nørbjerg, 2007, Sawyer et al., 1997). While other research has seen technology and information 
systems as important, but only adjacent to team research (e.g., Kozlowski and Ilgen, 2006), we set our focus to ISD. 
This focus is not on technological aspects of ISD, such as specific programming frameworks, but rather on the 
specific tasks, phases, and features of ISD. Resulting from this model, guidance on how to manage team-level 
effects might be derived. To empirically evaluate our model, we plan to conduct a study among multiple 
organizations. In this research-in-progress paper, we argue for our model and present our research design. 

The remainder of this paper is structured as follows. We give an overview about related work, targeting team effects 
and ISD. Next, we derive the proposed model and state corresponding propositions based upon previous literature. 
Finally, we give an outlook on the proposed research design being used for data collection and analysis. 

RELATED WORK 

Information Systems Development and Agile Approaches 

IS are often developed in the form of projects (Hirschheim, Klein and Lyytinen, 1995, p. 33), with many involved 
stakeholders and project team members (Chae and Poole, 2005). The nature of ISD is in many aspects intangible 
(Cule, Schmidt, Lyytinen and Keil, 2000).  

The major problems of ISD projects are not so much technological as sociological in nature (DeMarco and Lister, 
1987, p. 4). Coordination and communication between various stakeholders are necessary for successful 
implementation (Gallivan and Keil, 2003, Ko, Kirsch and King, 2005), and creating a shared understanding between 
involved stakeholders is deemed to be a major driver for ISD success (Gallivan and Keil, 2003, Tan, 1994). 

In practice, approaches for developing IS range from sequential approaches (Royce, 1970) to more cyclic, iterative 
approaches (Boehm, 1988). The resulting AISD methodologies (Cao et al., 2009, Vidgen and Wang, 2009) trade 
strict control for more flexibility and autonomy within the team, the overall development process is not planned and 
scheduled upfront, and progress is made in small iterative phases, while encouraging change and constant feedback 
(Cockburn and Highsmith, 2001, Highsmith and Cockburn, 2001). Planning becomes a permanent task, and team 
leadership is established via collaboration and is separated from project lead (Dybå and Dingsøyr, 2008, Dybå and 
Dingsøyr, 2009). 

While the team is thus highlighted as the crucial aspect of AISD in practice, extant research in the field of AISD 
methods has investigated mainly specific and individual or organizational phenomena, such as the use and effects of 
specific agile practices (APs) (Balijepally, Mahapatra, Nerur and Price, 2009, Holmqvist and Pessi, 2006, Maruping, 
Zhang and Venkatesh, 2009b), and effects regarding whole projects or organizations, such as the introduction of 
AISD methods to teams (Cao et al., 2009, Heeager, 2012, Hong et al., 2011, Kotlarsky, 2007, Mangalaraj et al., 
2009). 

As research thus covers the individual and organization-wide level of effects on AISD, team-level effects are 
covered less so, and existing results are contradictory. Team research has included technology as an influencing 
factor of team work (e.g., Kozlowski and Ilgen, 2006), but specific features of ISD have not been observed. 
Research found that cohesive teams are the optimal base for applying APs (Cao et al., 2009, Fruhling and de Vreede, 
2006), while other studies suggest that diversity amplifies creativity and problem solving ability (Bear and Woolley, 
2011, Lee and Xia, 2010, Phillips et al., 2006) and therefore might provide benefits for ISD. These inconsistencies 
are especially important for AISD, as AISD teams rely heavily on efficiency (to respond quickly to requirement 
changes and being flexible; Conboy, 2009) and problem solving ability (to complete complex, non-routine tasks; 
Lee and Xia, 2010). 
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At the same time, ISD projects are becoming more distributed and diverse (e.g., Persson et al., 2012, Ramesh, 
Mohan and Lan, 2012, Sarker et al., 2009, Sarker and Sarker, 2009). Research on AISD has started adapting 
diversity concepts, while calling for a better understanding of effects of diversity in ISD (Lee and Xia, 2010). Extant 
research applied theories of organizational psychology while being focused on IT use than on ISD (e.g., Gorecki, 
Berthon, DesAutels, Donnellan and Teigland, 2008, Nan, 2011, Wang and Hahn, 2015). While research on teams 
thus is not completely new to ISD research, team composition effects, such as diversity and collective intelligence 
(CI), have not been investigated by ISD research yet. 

Team Work and Group Performance 

Research on team work has focused mainly on outcomes of team performance, before shifting to mediation effects 
and more general speaking from input-process-output models to cyclic input-mediation-output-input models (for a 
comprehensive overview, see Ilgen, Hollenbeck, Johnson and Jundt, 2005). A notion of teams as complex, context-
sensitive, and evolving systems has emerged (Ilgen et al., 2005, Kozlowski and Bell, 2003).  

In organizational psychology, two concepts have emerged as important predictors of team performance in the last 
decade: diversity and CI. As regards the first, research over recent decades found contradictions (del Carmen Triana, 
Miller and Trzebiatowski, 2014, Hülsheger, Anderson and Salgado, 2009, Joshi and Roh, 2009, Milliken and 
Martins, 1996, Phillips et al., 2006, Post, 2012, Van Der Vegt and Bunderson, 2005). Some studies find a positive 
relation between diversity and team performance (see Bear and Woolley, 2011, Phillips et al., 2006, Van Der Vegt 
and Bunderson, 2005), but outlined a dependency on specific contextual circumstances, such as the competitive 
threat-level (del Carmen Triana et al., 2014), team identification, and climate (Van Der Vegt and Bunderson, 2005). 
Team identification and climate have been found to play an important role in generating positive effects from 
diversity (Van Der Vegt and Bunderson, 2005). Studies which identified a negative effect describe an overhead of 
communication and a risk for conflict (Ely and Thomas, 2001, Leonard, Levine and Joshi, 2004, MacMillan, Entin 
and Serfaty, 2004). 

Scholars differentiate between deep-level (DLD; i.e., education, experiences, also known as job-relevant diversity) 
and surface-level diversity (SLD; i.e., ethnicity, age, also known as background diversity) (Aggarwal and Woolley, 
2013, Hülsheger et al., 2009, Phillips et al., 2006). These two types act differently: while SLD highlights 
dissimilarities and encourages sharing of unique information (Phillips et al., 2006), DLD might lead to harmful 
conflict (Jehn, Northcraft and Neale, 1999) or facilitate team performance by providing different educational 
backgrounds and skillsets (Joshi and Roh, 2009).  

In regard to CI (Woolley et al., 2010), the average intelligence of team members and the single highest intelligence 
correlate only weakly with CI, and cohesion, motivation, and satisfaction do not correlate. The two most important 
factors contributing to CI are social sensitivity and a balanced number of speaking turns per group member (Wooley 
et al 2010). These findings were replicated for face-to-face and online communication (Engel, Woolley, Jing, 
Chabris and Malone, 2014). Additional influencing factors of team performance have been identified by team 
research. For instance, mental models, which “allow people to predict and explain the behavior of the world around 
them“ (Mathieu, Heffner, Goodwin, Salas and Cannon-Bowers, 2000, p. 274), and especially shared mental models, 
which allow teams to quickly adapt to changing situations because of knowledge about their team’s members mental 
models (Cannon-Bowers, Salas and Converse, 1993).  

Recent research in the ISD field has started to apply these findings. For example, the phenomenon of practical 
intelligence (PI), which is referred to as the “capability to resolve project related work problems [... and] is targeted 
at resolving unexpected and difficult situations that often cannot be resolved using established processes and 
frameworks” (Langer, Slaughter and Mukhopadhyay, 2014, p. 365), of project managers was found to be important 
for project performance (Langer et al., 2014). In the same study, project complexity and task or team familiarity 
were identified as moderators on the effect of project managers’ PI on project performance. 

While these phenomena have been investigated on their own and mainly in the context of general or occasional 
teams, ISD research has not put these theories together and evaluated these effects in the specific context of AISD 
teams, although AISD methods rely heavily on team work, composition, communication, and interpersonal 
relationships (Beck, Beedle, van Bennekum, Cockburn, Cunningham, Fowler, Grenning, Highsmith, Hunt, Jeffries, 
Kern, Marick, Martin, Mellor, Schwaber, Sutherland and Thomas, 2001, Lee and Xia, 2010, Maruping, Venkatesh 
and Agarwal, 2009a, Rosenkranz, Corvera Charaf and Holten, 2013, Sawyer, Guinan and Cooprider, 2010). 
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Research on team composition and performance has been mostly performed involving students in laboratory 
conditions, but to our knowledge no studies have empirically investigated effects of team diversity and CI specific to 
real-world AISD teams.  

THEORY DEVELOPMENT 

Figure 1 displays the constructs and relationships used for our model. Table 1 summarizes the constructs. 

 

Figure 1.  Proposed Research Model 

Name Definition Based upon 

Team Collective 
Intelligence (CI) 

A group’s general ability to perform a wide variety of tasks, as a 
property of the group itself, not of its members. CI is 
differentiated from the intelligence of individuals on a group 
level, as average and highest individual intelligence were weaker 
predictors or group performance and are only moderately 
correlated with CI. 

Woolley et al. (2010), 
Engel et al. (2014) 

Team Diversity The differences among team members regarding visible (i.e., 
surface-level; e.g., race, age) and invisible (i.e., deep-level; e.g., 
experience, education) characteristics. 

Phillips et al. (2006), 
Post (2012) 

Team Cognitive 
Styles (CS) 

The way an individual gathers, processes, and organizes 
information; typically differentiated into more analytical, 
process-driven and more connective, holistic thinking. 

Allinson and Hayes 
(1996), Witkin and 
Goodenough (1981) 

Team Cognitive 
Style Heterogeneity 

Cognitive style heterogeneity relates to the diversity of CS of 
team members. 

Allinson and Hayes 
(1996), Witkin and 
Goodenough (1981) 

Team Efficiency The ability of a team to complete a project in time and in budget, 
and to respond to user requirement changes and incorporate them 
with minimal time, cost, personnel, and resources. 

Lee and Xia (2010), Van 
Der Vegt and Bunderson 
(2005) 

Team Interpersonal 
Relationships (IRs) 

Relationships and their associated behavior and norms in the 
workplace; manifestations are business associates (i.e., mere 
colleagues), business friends or personal friends. 

Madsen and Matook 
(2010) 

Social Agile 
Practices (SAPs) 

APs entailing communication practices or practices aiming at 
exchanging knowledge and facilitating interpersonal interaction 
(e.g., daily scrums or pair programming). 

Hummel et al. (2015) 
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Table 1. Constructs and Definitions 

In the scope of this paper, team performance is represented by team efficiency. While more factors influence the 
overall performance measure, AISD is oriented on efficiency by delivering working software frequently and 
welcoming change during development (Beck et al., 2001). We did not add the artifact created by the ISD team into 
our model explicitly, as we are focusing on the social aspects of ISD.  

Team efficiency describes the ability of a team to complete a project in time and budget, and respond to requirement 
changes and incorporate them with minimal time, cost, personnel, and resources (Lee and Xia, 2010, Van Der Vegt 
and Bunderson, 2005). Furthermore, efficiency in a turbulent and changing environment is linked to flexibility, “the 
ability […] to create change, or proactively, reactively, or inherently embrace change in a timely manner” (Conboy, 
2009, p. 336). Therefore, efficiency is related to the frequency of inherited changes. A similar indicator for 
efficiency is bug severity, that is, the product of number of bugs and the hours needed to fix these bugs (Maruping et 
al., 2009a). 

As pointed out, research has found that team CI as a factor describes a group’s general ability to perform a variety of 
tasks (Engel et al., 2014, Woolley et al., 2010). Looking at the components on which CI is based (i.e., social 
sensitivity), we conclude that CI facilitates team efficiency.  

P1: An increase in team CI has a positive effect on team efficiency.  

Cognitive styles (CS) are defined as the way an individual gathers, processes, and organizes information (Allinson 
and Hayes, 1996, Witkin and Goodenough, 1981). Different connotations exist; some researchers classify CS into 
analytical, procedural, thinking versus intuitive, declarative, thinking (Mello and Delise, 2015, Woolley, 2009). 
Similarly, research differentiates between sequential thinking as “a form of analytical thinking” (Post, 2012, p. 559) 
and connective thinking as “a form of holistic thinking” (Post, 2012, p. 559).  

Building upon CS, teams may be process-focused or outcome-focused. Process-focused teams tend to emphasize 
specific tasks and individual actions, whereas outcome-focused teams tend to emphasize an a more abstract level 
(Woolley, 2009). Routine tasks might be executed more efficiently by process-focused teams, while outcome-
focused teams might be more successful at more complex, creative tasks (Woolley, 2009). Moreover, heterogeneity 
in CS among team members has been found to have negative effects (Aggarwal and Woolley, 2013, Mello and 
Delise, 2015). Comparing CS to mental models, research found mental models to be depending on CS to be 
developed and shared, as CS influence and shape both form and content of the mental models (Riding and Rayner, 
2000). 

In sum, we argue that the benefits of CI are moderated by both, the matching between CS and the task at hand as 
well as the CS heterogeneity among team members.  

P3a: Team cognitive styles moderate the positive effect of team CI on team efficiency. A homogeneous process-focus 
amplifies this effect, while a product-focus decreases this effect. 

P3b: A heterogeneous focus decreases the effect of team CI on team efficiency. 

As outlined in the related work section, research found that team diversity, especially diversity in experience, 
education, abilities, and professional background (i.e., DLD), does foster both conflict and a team’s problem solving 
ability (Lee and Xia, 2010), and therefore diversity is a double-edged sword, providing possible benefits and 
possible pitfalls. While organizational psychology describes the effect of diversity on performance in general 
(efficiency and effectiveness) as an inverted U-shape (Van Der Vegt and Bunderson, 2005), we expect diversity to 
impact efficiency more linearly and negatively due to the overhead on communication.  

P2: An increase in team diversity, that is, more DLD, leads to a decrease in team efficiency. 

It is also well-known that team climate factors, such as friendships and psychological safety, influence conflict 
repelling factors, such as helping behavior and norms (Madsen and Matook, 2010, Milliken and Martins, 1996, Post, 
2012). Team climate and identification moderate the effect of diversity on performance (Van Der Vegt and 
Bunderson, 2005). As team research literature points out (e.g., Milliken and Martins, 1996), diversity might lead to 
an overhead in communication due to differences among team members. In teams that are more familiar, this 
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negative effect might be weaker or even repealed. Business friendships or personal friendships (Madsen and 
Matook, 2010) might have already dissolved the communication overhead and contribute to team climate and 
identification (see also Van Der Vegt and Bunderson, 2005). 

Similarly, conflict among team members can be a necessity for effectiveness (Amason, 1996, Bradley, Anderson, 
Baur and Klotz, 2015, Jehn, 1995, Jehn, 1997, Jehn, Greer, Levine and Szulanski, 2008). Moreover, conflict can be 
differentiated into three types of disagreements: task conflict (about the content of the task), relationship conflict (on 
a personal level) (Jehn, 1995, Jehn et al., 2008), and process conflict, which is similar to task conflict, but more 
distinct: it describes disagreements about delegation and responsibility (Jehn, 1997, Jehn et al., 2008). According to 
research, only task conflict positively effects team performance, while other conflicts negatively affect task 
performance (Jehn, 1997).  

Applying these findings to the effects of diversity on both efficiency and problem solving ability, we argue that 
closer team IRs – that is, business associates, business friends, or personal friends (Madsen and Matook, 2010) – 
facilitate positive effects and mitigate negative effects, and might even turn negative effects positive, possibly 
resulting in an inverted U-shaped effect. Knowing one another well reduces the need for communication by creating 
a common understanding and trust, and establishes social norms and team identification. Less friendly interpersonal 
interactions “may account for the suboptimal performance outcomes of gender-diverse and ethnically diverse teams” 
(Joshi and Roh, 2009, p. 619). Research indicates that IRs in teams which are based on mutual trust establish an 
environment of psychological safety (Hülsheger et al., 2009), therefore the willingness to share unique information 
might be increased (Kearney, Gebert and Voelpel, 2009).  

P4: Team IRs moderate the effect of team diversity on team efficiency. In more familiar teams, the negative effect of 
team diversity on team efficiency is weakened or even reversed.  

As regards AISD approaches, many different APs entail interpersonal exchange and communication, for example, 
daily scrum (Schwaber and Beedle, 2002), pair programming (Beck and Andres, 2004), or co-located office space 
(for a comprehensive overview, see Hummel, Rosenkranz and Holten, 2015). As many of these social agile 
practices (SAPs) moderate or target a friendly and supportive interaction by definition, they contribute to improved 
team IRs (Madsen and Matook, 2010). 

P5: SAPs enforce team IRs. The more rigid and complete these practices are applied, the stronger IRs among team 
members are.  

PROPOSED RESEARCH DESIGN 

We plan to evaluate our propositions using a survey-based panel design and collecting data in multiple organizations 
applying ISD methods, and a quantitative analysis using multivariate statistics. 

Data will be collected at multiple points in time (start, middle, and end of sprints) by using questionnaires and, if 
possible, data from project management and issue tracking. As sprints should be similar to each other, measurements 
are comparable and give more evidence for causal relationships, for instance in regard to the moderating effect of 
evolving IRs.  

As regards potential measurements for latent variables, extant literature already utilized questionnaires and provide 
tested indicators, as outlined in Table 2. Additional control variables are listed in Table 3. 

Before distributing the survey among different companies, we plan to conduct a pre-test among a small amount of 
local companies with the possibility to conduct interviews while refining the questionnaire. In regard to 
comparability among different organizations, every organization or project is treated as an individual study. We 
further plan to utilize the back-translation technique (Brislin, 1970) to be able to reach out to more participants and 
to ensure adequately worded items.  

Construct Measurement Items 
Team Collective 
Intelligence (CI) 

Can be measured via social sensitivity and speaking turn taking (Engel et al., 2014, 
Woolley et al., 2010). While the later can be observed and asked for in questionnaires 
rather easily, the first one can be derived from the “reading the mind in the eyes” (RME) 
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test (see supporting online material for Woolley et al., 2010). The RME test is well 
documented and can be included in questionnaires easily, as it exists of 36 pictures of 
eyes, displaying different emotions and state of minds, while the participant has to choose 
the best matching emotion from four different options. Therefore, we will measure self-
reported speaking turn equality averaged over each team and the RME test. 

Team Diversity While SLD can be observed via items regarding ethnicity, age, and other demographic 
characteristics (Phillips et al., 2006), data regarding DLD can be approximated via items 
regarding education, religion, and political orientation (Phillips et al., 2006, Post, 2012). 
Educational diversity is reflected in ISD teams especially via professional specialization, 
such as domain-specific knowledge, experience in different programming languages, 
frameworks, or aspects of implementation (e.g., user-interface design, testing, and so 
forth). Therefore, we will measure DLD via education, experience, and professional 
specialization, as these are easy to measure and are less likely to offend participants in 
comparison to measurements regarding religion and political beliefs.  

Team Cognitive Styles 
(CS) 

CS has been observed in previous studies via different measures. For instance, Scott and 
Bruce (1995) propose a 25-item measurement, whereas Woolley (2009) utilized eight 
items, evenly distributed on process and outcome focus. To improve reliability and 
minimize biases, we will utilize both measurements. 

Team Cognitive Style 
Heterogeneity 

Builds upon the CS measurement, comparing the heterogeneity present among team 
members. Accordingly, CS heterogeneity will not be measured directly, but will be 
inferred from the CS measurements of all team members per team to represent the 
heterogeneity present in the team. 

Team Efficiency Adherence to schedule and budget are important parts of team efficiency and can be 
obtained via items in a questionnaire, or via data from project management and tracking 
tools. Similarly, response efficiency has been used in questionnaires before (Lee and Xia, 
2010). Combining items to capture formal efficiency measures (i.e., adherence to schedule 
and budget) and measures regarding the ability to respond to requirement changes (i.e., 
response efficiency) makes up our proposed measurement for efficiency. We propose the 
latter to consist of bug severity and flexibility. The former has been defined as the product 
of number of bugs and the hours needed for resolving (Maruping et al., 2009a), while the 
latter can be defined as the number of implemented changes in a given time frame 
(Conboy, 2009). This data will be collected from project management and issue tracking 
tools. Therefore, we will ask for formal efficiency measures and the ability to respond to 
requirement changes as perceived by team members. Additionally, we will gather data 
about formal efficiency measures and the ability to respond to requirements changes from 
project management and issue tracking tools. 

Team Interpersonal 
Relationships (IRs) 

Observable characteristics (relationship norms, degree of communality, helping behavior, 
conversation, amount of depth and self-disclosure, trust, intimacy, need responses, and 
obligation) for different types of IRs are provided by extant literature (Madsen and 
Matook, 2010). Those will be asked for in a questionnaire to be able to characterize the 
IRs present in different teams. 

Social Agile Practices 
(SAPs) 

Regarding the usage of SAPs we will use already tested items to observe the usage of APs 
(Hummel et al., 2015). We will limit the items to those relevant to SAPs as identified by 
previous literature (Hummel et al., 2015). For each relevant SAPs we will therefore ask if 
and how regularly these APs were applied. 

Table 2. Constructs and Measurement Items 

We will choose the best fitting multivariate method for data analysis, depending on data access and availability 
(Gefen, Straub and Boudreau, 2000). While partial least squares (PLS) structural equation modeling (SEM) is able 
to work with lower sample sizes compared to covariance-based (CB) SEM (Chin and Newsted, 1999, Goodhue, 
Lewis and Thompson, 2012, Wolf, Harrington, Clark and Miller, 2013), CB-SEM is preferred for theory-testing 
(Hair, Ringle and Sarstedt, 2011). Both approaches would be applicable and the best fitting approach will be 
applied. According to G*Power (Faul, Erdfelder, Buchner and Lang, 2009, Faul, Erdfelder, Lang and Buchner, 
2007), a sample size of 68 Teams is needed to achieve a power-level of 0.8. It is important to note that our sample 
size does not refer to individuals but to teams. Comparable studies aimed at a power 0f 0.8 with at least 60 (Engel et 
al., 2014) or 110 (Maruping et al., 2009a) teams. To gain access to enough teams to satisfy the sample size 
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requirements, we are currently in talks with a large consulting company. To reduce a possible sampling bias, we are 
targeting software development teams from companies of different sizes and industries. 

 

 

 

 

 

 

 

 

 

Control Variable Measurement Items 
Customer Satisfaction Adherence to budget 

Adherence to schedule 
Fulfilment of requirements 
If available, we will gather the same information in addition to the developer report 
directly from the customer. 

Team Size Number of team members 
Project Duration Actual duration of the project in months 
Team Virtuality /  
Team Co-Location 

Amount of work time spent remote / virtual compared to the amount of work time spent 
co-located. 

Team Informality Number of hierarchy levels in the team’s organization 
Team Autonomy Extend to which teams and team members influence the decision making progress and 

monitor their progress. 
Team Diversity (SLD) SLD measurements (i.e. demographic characteristics of participants) 

Table 3. Control Variables 

We identified multiple risks associated with our current research design. As we are measuring efficiency, which is 
related to success, a social desirability bias is likely. Social desirability is the “tendency […] to deny socially 
undesirable traits and claim socially desirable ones, and the tendency to say things which place the speaker in a 
favourable light” (Nederhof, 1985, p. 264). To counter the effect of social desirability bias, we plan on 
implementing the recommendations made by Nederhof (1985), such as granting anonymity and an as neutral as 
possible wording. Measuring at different points in time is clearly adding complexity to our research design, but 
needed to add additional confidence in causal relationships. By conducting a repeated measurement design, we are 
able to control for evolving relationships within the team and to observe different kind of tasks. 

REFERENCES 

Aggarwal, I. and Woolley, A. W. (2013) Do You See What I See? The Effect of Members’ Cognitive Styles on 
Team Processes and Errors in Task Execution, Organizational Behavior and Human Decision Processes, 
122, 1, 92-99. 

Allinson, C. W. and Hayes, J. (1996) The Cognitive Style Index: A Measure of Intuition-Analysis For 
Organizational Research, Journal of Management Studies, 33, 1, 119-135. 

Amason, A. C. (1996) Distinguishing the Effects of Functional and Dysfunctional Conflict on Strategic Decision 
Making: Resolving a Paradox for Top Management Teams, Academy of Management Journal, 39, 1, 123-
148. 



Diegmann, Rosenkranz Agile Practices, Collective Intelligence, Diversity & Team Efficiency 
 

eProceedings of the 11th International Research Workshop on Information Technology Project Management (IRWITPM) 
Dublin, Ireland, December 10th, 2016  134 
 

Balijepally, V., Mahapatra, R., Nerur, S. and Price, K. H. (2009) Are Two Heads Better than One For Software 
Development? The Productivity Paradox of Pair Programming, MIS Quarterly, 33, 1, 91-119. 

Bear, J. B. and Woolley, A. W. (2011) The Role of Gender in Team Collaboration and Performance, 
Interdisciplinary Science Reviews, 36, 2, 146-153. 

Beck, K. and Andres, C. (2004) Extreme Programming Explained: Embrace Change, Addison-Wesley Professional,  
Beck, K., Beedle, M., Van Bennekum, A., Cockburn, A., Cunningham, W., Fowler, M., Grenning, J., Highsmith, J., 

Hunt, A., Jeffries, R., Kern, J., Marick, B., Martin, R. C., Mellor, S., Schwaber, K., Sutherland, J. and 
Thomas, D. (2001) Manifesto for Agile Software Development. 

Berger, H. and Beynon-Davies, P. (2009) The Utility of Rapid Application Development in Large-Scale, Complex 
Projects, Information Systems Journal, 19, 6, 549-571. 

Boehm, B. W. (1988) A Spiral Model of Software Development and Enhancement, IEEE Computer, 21, 4, 61-72. 
Bradley, B. H., Anderson, H. J., Baur, J. E. and Klotz, A. C. (2015) When Conflict Helps: Integrating Evidence for 

Beneficial Conflict in Groups and Teams under Three Perspectives, Group Dynamics: Theory, Research, 
and Practice, 19, 4, 243-272. 

Brislin, R. W. (1970) Back-Translation for Cross-Cultural Research, Journal of Cross-Cultural Psychology, 1, 3, 
185-216. 

Cannon-Bowers, J. A., Salas, E. and Converse, S. A. (1993) Shared Mental Models in Expert Team Decision 
Making, Erlbaum, Hillsdale, NJ. 

Cao, L., Mohan, K., Xu, P. and Ramesh, B. (2009) A Framework for Adapting Agile Development Methodologies, 
European Journal of Information Systems, 18, 4, 332-343. 

Chae, B. and Poole, M. S. (2005) The Surface of Emergence in Systems Development: Agency, Institutions, and 
Large-Scale Information Systems, European Journal of Information Systems, 14, 1, 19-36. 

Chin, G. (2003) Agile Project Management: How to Succeed in the Face of Changing Project Requirements, 
AMACOM, NY. 

Chin, W. W. and Newsted, P. R. (1999) Structural Equation Modeling Analysis with Small Samples Using Partial 
Least Squares, Statistical Strategies for Small Sample Research, 2, 307-342. 

Cockburn, A. and Highsmith, J. (2001) Agile Software Development: The People Factor, IEEE Computer, 34, 11, 
131-133. 

Conboy, K. (2009) Agility from First Principles: Reconstructing the Concept of Agility in Information Systems 
Development, Information Systems Research, 20, 3, 329-355. 

Cule, P., Schmidt, R., Lyytinen, K. and Keil, M. (2000) Strategies for Heading off IS Project Failure, Information 
Systems Management, 17, 2, 65-73. 

Del Carmen Triana, M., Miller, T. L. and Trzebiatowski, T. M. (2014) The Double-Edged Nature of Board Gender 
Diversity: Diversity, Firm Performance, and the Power of Women Directors as Predictors of Strategic 
Change, Organization Science, 25, 2, 609-632. 

Demarco, T. and Lister, T. (1987) Peopleware: Productive Projects and Teams, Dorset House Publishing Co., Inc. 
New York, NY, USA,  

Dybå, T. and Dingsøyr, T. (2008) Empirical Studies of Agile Software Development: A Systematic Review, 
Information and Software Technology, 50, 9, 833-859. 

Dybå, T. and Dingsøyr, T. (2009) What Do We Know About Agile Software Development?, IEEE Software, 26, 5, 
6-9. 

Ely, R. J. and Thomas, D. A. (2001) Cultural Diversity at Work: The Effects of Diversity Perspectives on Work 
Group Processes and Outcomes, Administrative Science Quarterly, 46, 2, 229-273. 

Engel, D., Woolley, A. W., Jing, L. X., Chabris, C. F. and Malone, T. W. (2014) Reading the Mind in the Eyes or 
Reading between the Lines? Theory of Mind Predicts Collective Intelligence Equally Well Online and 
Face-To-Face, PLoS ONE, 9, 12, 1-16. 

Faul, F., Erdfelder, E., Buchner, A. and Lang, A.-G. (2009) Statistical Power Analyses using G* Power 3.1: Tests 
for Correlation and Regression Analyses, Behavior Research Methods, 41, 4, 1149-1160. 

Faul, F., Erdfelder, E., Lang, A.-G. and Buchner, A. (2007) G* Power 3: A Flexible Statistical Power Analysis 
Program for the Social, Behavioral, and Biomedical Sciences, Behavior Research Methods, 39, 2, 175-191. 

Fitzgerald, B., Hartnett, G. and Conboy, K. (2006) Customising Agile Methods to Software Practices at Intel 
Shannon, European Journal of Information Systems, 15, 2,  

Fruhling, A. and De Vreede, G.-J. (2006) Field Experiences with eXtreme Programming: Developing an Emergency 
Response System, Journal of Management Information Systems, 22, 4, 39-69. 

Gallivan, M. J. and Keil, M. (2003) The User-Developer Communication Process: A Critical Case Study, 
Information Systems Journal, 13, 1, 37-68. 



Diegmann, Rosenkranz Agile Practices, Collective Intelligence, Diversity & Team Efficiency 
 

eProceedings of the 11th International Research Workshop on Information Technology Project Management (IRWITPM) 
Dublin, Ireland, December 10th, 2016  135 
 

Gefen, D., Straub, D. and Boudreau, M.-C. (2000) Structural Equation Modeling and Regression: Guidelines for 
Research Practice, Communications of the Association for Information Systems, 4, 1, 7. 

Goh, J. C.-L., Pan, S. L. and Zuo, M. (2013) Developing the Agile IS Development Practices in Large-Scale IT 
Projects: The Trust-Mediated Organizational Controls and IT Project Team Capabilities Perspectives, 
Journal of the Association for Information Systems, 14, 12, 722-756. 

Goodhue, D. L., Lewis, W. and Thompson, R. (2012) Does PLS have Advantages for Small Sample Size or Non-
Normal Data?, MIS Quarterly, 36, 3, 891-1001. 

Gorecki, J., Berthon, P., Desautels, P., Donnellan, B. and Teigland, R. (2008) The Multinational's Nemesis: The 
Rise of ICT-Enabled Distributed Collective Intelligence? 

Hair, J. F., Ringle, C. M. and Sarstedt, M. (2011) PLS-SEM: Indeed a Silver Bullet, Journal of Marketing Theory 
and Practice, 19, 2, 139-152. 

Heeager, L. T. (2012) Introducing Agile Practices in a Documentation-Driven Software Development Practice: A 
Case Study, Journal of Information Technology Case and Application Research, 14, 1, 3-24. 

Highsmith, J. and Cockburn, A. (2001) Agile Software Development: The Business of Innovation, IEEE Computer, 
34, 9, 120-122. 

Hirschheim, R., Klein, H. and Lyytinen, K. (1995) Information Systems Development and Data Modeling. 
Conceptual and Philosophical Foundations, Cambridge University Press, Cambridge, England. 

Holmqvist, M. and Pessi, K. (2006) Agility Through Scenario Development and Continuous Implementation: A 
Global Aftermarket Logistics Case, European Journal of Information Systems, 15, 2,  

Hong, W., Thong, J. Y. L., Chasalow, L. C. and Dhillon, G. (2011) User Acceptance of Agile Information Systems: 
A Model and Empirical Test, Journal of Management Information Systems, 28, 1, 235-273. 

Hülsheger, U. R., Anderson, N. and Salgado, J. F. (2009) Team-Level Predictors of Innovation at Work: A 
Comprehensive Meta-Analysis Spanning Three Decades of Research, Journal of Applied Psychology, 94, 
5, 1128-1145. 

Hummel, M., Rosenkranz, C. and Holten, R. (2015) The Role of Social Agile Practices for Direct and Indirect 
Communication in Information Systems Development Teams, Communications of the Association for 
Information Systems, 36, 273-300. 

Ilgen, D. R., Hollenbeck, J. R., Johnson, M. and Jundt, D. (2005) Teams in Organizations: From Input-Process-
Output Models to IMOI Models, Annual Review of Psychology, 56, 517-543. 

Jehn, K. A. (1995) A Multimethod Examination of the Benefits and Detriments of Intragroup Conflict, 
Administrative Science Quarterly, 40, 2, 256-282. 

Jehn, K. A. (1997) A Qualitative Analysis of Conflict Types and Dimensions in Organizational Groups, 
Administrative Science Quarterly, 42, 3, 530-557. 

Jehn, K. A., Greer, L., Levine, S. and Szulanski, G. (2008) The Effects of Conflict Types, Dimensions, and 
Emergent States on Group Outcomes, Group Decision & Negotiation, 17, 6, 465-495. 

Jehn, K. A., Northcraft, G. B. and Neale, M. A. (1999) Why Differences Make a Difference: A Field Study of 
Diversity, Conflict and Performance in Workgroups, Administrative Science Quarterly, 44, 4, 741-763. 

Joshi, A. and Roh, H. (2009) The Role of Context in Work Team Diversity Research: A Meta-Analytic Review, 
Academy of Management Journal, 52, 3, 599-627. 

Kautz, K., Madsen, S. and Nørbjerg, J. (2007) Persistent Problems and Practices in Information Systems 
Development, Information Systems Journal, 17, 3, 217-239. 

Kearney, E., Gebert, D. and Voelpel, S. C. (2009) When and How Diversity Benefits Teams: The Importance of 
Team Members' Need for Cognition, Academy of Management Journal, 52, 3, 581-598. 

Ko, D.-G., Kirsch, L. J. and King, W. R. (2005) Antecedents of Knowledge Transfer from Consultants to Clients in 
Enterprise System Implementations, MIS Quarterly, 29, 1, 59-85. 

Kotlarsky, J. (2007) Re-Engineering at LeCroy Corporation: The Move to Component-Based Systems, Journal of 
Information Technology, 22, 4, 465-478. 

Kozlowski, S. W. and Bell, B. S. (2003) Work Groups and Teams in Organizations, Wiley, London. 
Kozlowski, S. W. and Ilgen, D. R. (2006) Enhancing the Effectiveness of Work Groups and Teams, Psychological 

Ccience in the Public Interest, 7, 3, 77-124. 
Langer, N., Slaughter, S. A. and Mukhopadhyay, T. (2014) Project Managers' Practical Intelligence and Project 

Performance in Software Offshore Outsourcing: A Field Study, Information Systems Research, 25, 2, 364-
384. 

Lee, G. and Xia, W. (2010) Toward Agile: An Integrated Analysis of Quantitative and Qualitative Field Data on 
Software Development Agility, MIS Quarterly, 34, 1, 87-115. 



Diegmann, Rosenkranz Agile Practices, Collective Intelligence, Diversity & Team Efficiency 
 

eProceedings of the 11th International Research Workshop on Information Technology Project Management (IRWITPM) 
Dublin, Ireland, December 10th, 2016  136 
 

Leonard, J. S., Levine, D. I. and Joshi, A. (2004) Do Birds of a Feather Shop Together? The Effects on Performance 
of Employees' Similarity with One Another and with Customers, Journal of Organizational Behavior, 25, 
6, 731-754. 

Macmillan, J., Entin, E. E. and Serfaty, D. (2004) Communication Overhead: The Hidden Cost of Team Cognition, 
in E. Salas S. M. Fiore (ed.) Team cognition: Understanding the Factors that Drive Process and 
Performance, American Psychological Association, Washington, DC, US, 61-82. 

Madsen, S. and Matook, S. (2010) Conceptualizing Interpersonal Relationships in Agile IS Development. 
Mangalaraj, G., Mahapatra, R. and Nerur, S. (2009) Acceptance of Software Process Innovations - the Case of 

Extreme Programming, European Journal of Information Systems, 18, 4, 344-354. 
Maruping, L. M., Venkatesh, V. and Agarwal, R. (2009a) A Control Theory Perspective on Agile Methodology Use 

and Changing User Requirements, Information Systems Research, 20, 3, 377-400. 
Maruping, L. M., Zhang, X. and Venkatesh, V. (2009b) Role of Collective Ownership and Coding Standards in 

Coordinating Expertise in Software Project Teams, European Journal of Information Systems, 18, 4, 355-
371. 

Mathieu, J. E., Heffner, T. S., Goodwin, G. F., Salas, E. and Cannon-Bowers, J. A. (2000) The Influence of Shared 
Mental Models on Team Process and Performance, Journal of Applied Psychology, 85, 2, 273. 

Mcavoy, J. and Butler, T. (2009a) A Failure to Learn By Software Developers: Inhibiting the Adoption of an Agile 
Software Development Methodology, Journal of Information Technology Case and Application Research, 
11, 1, 23-46. 

Mcavoy, J. and Butler, T. (2009b) The Role of Project Management in Ineffective Decision Making within Agile 
Software Development Projects, European Journal of Information Systems, 18, 4, 372-383. 

Mcavoy, J., Nagle, T. and Sammon, D. (2013) Using Mindfulness to Examine ISD Agility, Information Systems 
Journal, 23, 2, 155-173. 

Mello, A. L. and Delise, L. A. (2015) Cognitive Diversity to Team Outcomes: The Roles of Cohesion and Conflict 
Management, Small Group Research, 46, 2, 204-226. 

Milliken, F. J. and Martins, L. L. (1996) Searching for Common Threads: Understanding the Multiple Effects of 
Diversity in Organizational Groups, Academy of Management Review, 21, 2, 402-433. 

Nan, N. (2011) Capturing Bottom-Up Information Technology Use Processes: A Complext Adaptive Systems 
Model, MIS Quarterly, 35, 2, 505-540. 

Nederhof, A. J. (1985) Methods of Coping with Social Desirability Bias: a Review, European Journal of Social 
Psychology, 15, 3, 263-280. 

Persson, J. S., Mathiassen, L. and Aaen, I. (2012) Agile Distributed Software Development: Enacting Control 
through Media and Context, Information Systems Journal, 22, 6, 411-434. 

Phillips, K. W., Northcraft, G. B. and Neale, M. A. (2006) Surface-Level Diversity and Decision-Making in Groups: 
When Does Deep-Level Similarity Help?, Group Processes & Intergroup Relations, 9, 4, 467-482. 

Post, C. (2012) Deep-Level Team Composition and Innovation: The Mediating Roles of Psychological Safety and 
Cooperative Learning, Group & Organization Management, 37, 5, 555-588. 

Ramesh, B., Mohan, K. and Lan, C. (2012) Ambidexterity in Agile Distributed Development: An Empirical 
Investigation, Information Systems Research, 23, 2, 323-340. 

Riding, R. J. and Rayner, S. (2000) Cognitive Styles, Ablex,  
Rosenkranz, C., Corvera Charaf, M. and Holten, R. (2013) Language Quality in Requirements Development: 

Tracing Communication in the Process of Information Systems Development, Journal of Information 
Technology, 28, 3, 198-223. 

Royce, W. W. Managing the Development of Large Software Systems: Concepts and Techniques, in  Proceedings of 
WesCon, August,  

Sarker, S., Munson, C. L., Sarker, S. and Chakraborty, S. (2009) Assessing the Relative Contribution of the Facets 
of Agility to Distributed Systems Development Success: An Analytic Hierarchy Process Approach, 
European Journal of Information Systems, 18, 4, 285-299. 

Sarker, S. and Sarker, S. (2009) Exploring Agility in Distributed Information Systems Development Teams: An 
Interpretive Study in an Offshoring Context, Information Systems Research, 20, 3, 440-462. 

Sawyer, S., Farber, J. and Spillers, R. (1997) Supporting the Social Processes of Software Development, Information 
Technology & People, 10, 1, 46-62. 

Sawyer, S., Guinan, P. J. and Cooprider, J. (2010) Social Interactions of Information Systems Development Teams: 
A Performance Perspective, Information Systems Journal, 20, 1, 81-107. 

Schwaber, K. and Beedle, M. (2002) Scrum: Agile Software Development. 



Diegmann, Rosenkranz Agile Practices, Collective Intelligence, Diversity & Team Efficiency 
 

eProceedings of the 11th International Research Workshop on Information Technology Project Management (IRWITPM) 
Dublin, Ireland, December 10th, 2016  137 
 

Scott, S. G. and Bruce, R. A. (1995) Decision-Making Style: The Development and Assessment of a New Measure, 
Educational and Psychological Measurement, 55, 5, 818-831. 

Siau, K., Long, Y. and Ling, M. (2010) Toward a Unified Model of Information Systems Development Success, 
Journal of Database Management, 21, 1, 80-101. 

Tan, M. (1994) Establishing Mutual Understanding in Systems Design: An Empirical Study, Journal of 
Management Information Systems, 10, 4, 159-182. 

Van Der Vegt, G. S. and Bunderson, J. S. (2005) Learning and Performance in Multidisciplinary Teams: The 
Importance of Collective Team Identification, Academy of Management Journal, 48, 3, 532-547. 

Vidgen, R. and Wang, X. (2009) Coevolving Systems and the Organization of Agile Software Development, 
Information Systems Research, 20, 3, 355-376. 

Wang, Z. and Hahn, J. (2015) Crowd Experience and Performance: An Empirical Analysis of Crowdsourced New 
Product Development. 

White, K. B. and Leifer, R. (1986) Information Systems Development Success: Perspectives from Project Team 
Participants, MIS Quarterly, 10, 3, 215-223. 

Williams, L. (2012) What Agile Teams Think of Agile Principles, Communications of the ACM, 55, 4, 71-76. 
Witkin, H. A. and Goodenough, D. R. (1981) Cognitive Style: Essence and Origins, International Universities Press, 

New Yor, NY. 
Wolf, E. J., Harrington, K. M., Clark, S. L. and Miller, M. W. (2013) Sample Size Requirements for Structural 

Equation Models an Evaluation of Power, Bias, and Solution Propriety, Educational and Psychological 
Measurement, 73, 6, 913-934. 

Woolley, A. W. (2009) Putting First Things First: Outcome and Process Focus in Knowledge Work Teams, Journal 
of Organizational Behavior, 30, 3, 427-452. 

Woolley, A. W., Chabris, C. F., Pentland, A., Hashmi, N. and Malone, T. W. (2010) Evidence for a Collective 
Intelligence Factor in the Performance of Human Groups, Science, 330, 6004, 686-688. 

 

 


	Association for Information Systems
	AIS Electronic Library (AISeL)
	12-10-2016

	Improving Software Development Efficiency – How Diversity and Collective Intelligence Shape Agile Team Efficiency
	Phil Diegmann
	Christoph Rosenkranz
	Recommended Citation


	Untitled

