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The objective of this dissertation study is to provide the theoretical foundation for 

collaborative information technology moderation on team performance and give 

empirical evidence to support this relationship. The model provided in this study is 

supported by analytical proofs for the proposed hypotheses to define relationships among 

constructs in this research including departure (reduction in the number of team 

members), collaborative information technology functionality, transactive memory 

strength, and team performance.  

This research offers a theory that utilizes transactive memory systems (TMS) to 

examine the departure problem. The main research question is: Can collaborative 

information technologies (CIT) alleviate negative effects of departure? The theory in this 

study is structured around the indicators of TMS: specialization, coordination, and 

credibility. 
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Findings showed that CIT functionality level plays a role in enhancing the group 

performance. This role is not direct but instead, is a moderation effect that alleviates the 

negative departure impact. In absence of departure, CIT impact can be confusing as it can 

be either positive or negative. My analytical results explain why information systems 

literature has had conflicting arguments on the role of technology. I propose that 

particular dynamic events and incidents, such as employee departure, help us understand 

the impact of CIT more clearly. Moreover, I employ transactive memory theory to 

explain how individuals develop and exchange knowledge in a group and how skills and 

knowledge can be lost due to departure. I also explain why and how team performance 

benefits from CIT when departure occurs. 

<Abstract: May not exceed 350 words. It should be a continuous description, not 

disconnected notes or an outline.> 
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CHAPTER 1. INTRODUCTION 

Departure, defined as the unplanned and sudden exit of a team member, is a 

significant and common problem in practice (Powell et al. 2004). According to the U.S. 

Department of Labor Job Openings and Labor Turnover Survey (2008) there were an 

average of over four million departures each month from December 2000 to February 

2008. In addition, the recent 2008-9 recession did not help recover these numbers. 

Several researchers have focused on understanding the departure phenomenon as a 

dependent variable (Ancona et al. 1992; Cotton et al. 1986; Levine et al. 2005) because 

they have thought the antecedents of departure could be modified to reduce the loss of 

valuable skilled people. However, in practice, preventing departure proved to be difficult, 

despite generous benefits or secure job environments (Carroll et al. 2000; Saxenian 

1994). This leads to the question of whether there are any other means to prevent the 

departure problem. Apparently this conundrum (finding a solution for departure when 

departure seems unavoidable) needs a new approach. I propose that this approach is not 

to prevent the departure phenomenon itself but to prevent its negative effects, or at least 

to alleviate its consequences if complete prevention is not possible with the current 

collaboration structure. Therefore the question, how to prevent departure? evolves into a 

new one: are there any ways to alleviate negative effects of departure? In this study, I 

propose the use of collaborative information technologies (CITs) as a method to alleviate 

departure impact by moderating a departure’s effect on team performance.  



 2 

Departure of a team member has several effects on both the individual team members 

who remain and on the overall performance of the team. These effects may be related to 

the departing member’s role on the team and the importance of the tasks associated with 

that role. In an efficient team, where every individual is contributing to overall team work 

and job success, departure of a member causes erosion of knowledge or skills. The 

consequences vary from mild to severe, depending on the departing member’s role. For 

instance, departure of a member with unique skills and a high level of knowledge about a 

critical part of the project would cause an especially significant skill and knowledge loss. 

However, regardless of its level of importance, departure of a team member means a set 

of skills is lost from the team's skill portfolio. 

Moreover, departure may create emotional turbulence to the point of chaos for as long 

as it takes to find a replacement team member or reassign tasks. This may cause delays 

for the completion date of the project. In addition, such a departure may lead to issues of 

credibility regarding a team’s ability to complete the project on time. A team member’s 

departure may affect the credibility of team members who work on interdependent tasks 

with the departed member because other people’s belief in the completion time and in the 

quality of interdependent tasks may not be the same as before the departure. Remaining 

team members may be unwilling to work or cooperate as well as before since their 

expectations for team stability decrease. In summary, departure has a negative impact on 

performance when the departing member is skilled and useful because departure causes a 

loss in skill set, and it has a negative effect on team members’ psychological processes, 
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including memory, thinking, motivation and emotions, because it damages credibility and 

coordination. 

In this research, I approach teamwork dynamics and departure from an information 

technology point of view. I focus on group interaction process using the theory of 

transactive memory, which is the active use of information about what another person 

knows to store, retrieve, and communicate knowledge (Wegner 1986). The role of 

transactive memory is to act as a mediator between departure and team performance. 

Transactive memory systems (TMSs), active use of transactive memory by members of a 

group to store, retrieve and communicate knowledge, become stronger with the use of 

functionalities that assist information processing, namely collaborative information 

technologies (CITs.) Therefore, I argue that CITs moderate the effect of team member 

departure. 

The medium of collaboration is changing as groups rely on information technologies 

to share information. Collaborative information technologies have provided an 

economical alternative to travel for project members who provide necessary skills. Early 

adopter organizations quickly took advantage of functions of several information 

processing technologies, from web conferences to virtual workspaces. Those virtual tools 

have not replaced conventional teamwork, but they have had an impact on the 

information sharing processes. 

The effect of information technologies on performance has been a topic of debate 

both in academia and in practice. Businesses used nothing more than best practices and 

benchmarks to decide on the level of IT investment and use of IT functionalities, and they 
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questioned its return, especially during financial downturns. While the business debate is 

simple, academic analyses led to complex discussion on the role of CITs. 

Starting with Brynjolfsson’s (1996) evidence on the IT productivity paradox, the 

number of studies that question the value of information technology has increased (Aral 

et al. 2006; Dewett et al. 2001; Kanawattanachai et al. 2007; Sambamurthy et al. 2003). 

These studies either provided mixed evidence on the value of IT or listed negative 

consequences of the use of IT (Dewett et al. 2001). For example Brynjolfsson (1996) 

shows that IT affects productivity but doesn’t necessarily affect profitability, which is 

quite confusing for businesses. The nature of the secondary data used in such research 

prevents researchers from understanding the processes that would explain how 

information technology could improve performance. This study focuses on the 

functionalities of information technology to explain the processes by which those 

functionalities could enhance collaboration performance. 

Collaborative information technologies are integrated sets of information processing 

functions that facilitate knowledge sharing and integration among interconnected entities 

(Pavlou et al. 2007). Most organizations have access to some type of CIT, including 

messengers, e-mail, a calendar for workflow, and sometimes a file sharing system; 

however, examples are not limited to these technologies. The definition of CIT is 

independent of specific technologies since new technologies adopted by interconnected 

entities improve and change over time. 

Information technology (IT) is a general term that might include a wide spectrum of 

functionalities, and it is often loosely used. In this research, I analyze the role of CITs 
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which is a subset of ITs. CITs incorporate a set of functionalities such as storage, 

synchronousness, workflow management, and richness. For example, e-mail is a CIT that 

has limited storage capability and less synchronous than video conferencing. A common 

webspace and versioning system is an excellent storage tool but lacks in other 

functionalities such as richness.  

Incorporating the CIT construct into a theory and understanding its effect on a team’s 

structure are not straightforward tasks. CITs have a spectrum of functionalities 

(including, but not limited to storage, synchronousness, richness, and workflow 

management) and these functionalities are neither easily understood nor always used by 

team members. To understand the complexity of how CIT plays a role in collaboration, I 

employ transactive memory theory (Wegner 1986).Transactive memory systems theory is 

based on the idea that collaborators can serve as external memory aids; the theory deals 

with the collaborative encoding, storage and retrieval of knowledge. 

Prior experiments on TMS either consisted of memory recall tasks in dyads 

(Hollingshead 1998a; Hollingshead 1998b; Wegner et al. 1991) or were based on 

physical tasks such as radio assembly that require co-location (Lewis 2003; Lewis et al. 

2007; Liang et al. 1995; Moreland et al. 2000). However, in this age, physical presence is 

not a requirement for many tasks that create value within a project. Therefore, I designed 

a brand new experiment in which subjects work on a virtual task: drawing shapes on the 

computer and combining them to produce the final product, a picture. Organizations use 

CIT to provide a platform for better collaboration amongst employees because they offer 

cost reduction, effective means of communication, and a reliable repository to store the 
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completed work. This research reveals that CIT has a functionality value, but its effect on 

performance is unclear.  

I have adopted group effectiveness as the team performance dependent variable. In 

the analytical model I used Hackman’s proximal determinants of group effectiveness: 

effort and skill (Hackman et al. 1976). This research contributes to team performance 

literature by offering CIT functionality as an instrument that plays a role in enhancing 

group performance. The role is not direct but rather a moderation effect that alleviates 

negative departure impact.  

 

Table 1 lists definitions of the key constructs in this research. 

Table 1. Construct definitions 

Construct Definition 

Departure The sudden exit of a current member from a collaborating social 

group, leaving behind assigned but incomplete tasks necessary to the 

completion of the group’s project. 

Collaborative 

Information 

Technologies 

Collaborative technologies are integrated sets of information 

processing functions that facilitate knowledge sharing and integration 

among inter-connected entities (Pavlou et al. 2007). 

Transactive 

Memory 

Systems 

Active use of transactive memory by members of a group to store, 

retrieve and communicate knowledge (Lewis 2003; Wegner 1986). 

Team 

Performance 

The quality of task output acceptable to those who receive or review 

it (Hackman 1987). 

 

Proposed Research Question 

In this paper, I propose to find an answer to the following research question: Can 

collaborative information technologies alleviate negative effects of departure in teams? 
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This dissertation uses three different methods to answer and empirically validate the 

above research question.  

Each method used in this research contributes to information systems (IS) and TMS 

field. The analytical model provides a mathematical base with rigorous proofs to express 

the relationships of the conceptual model and the logic behind them. The analytical 

model is the first of its kind and it is created through literature references and 

observations, thus this theory has no prior similar examples. 

The human experiments are original and different from the previous TMS studies that 

mostly used assembly tasks, such as radio building, for experimentation (Lewis 2003; 

Lewis et al. 2007; Liang et al. 1995; Moreland et al. 2000). I created a simulated project 

environment in the laboratory setting that incorporated virtual tasks (drawing shapes and 

pictures) to complete a virtual project. Subjects were able to collaborate and share over 

CIT, allowing for a way to measure CIT’s impact on their collaboration process. 

Empirical results were strengthened by a computer simulation that utilized both the 

analytical model and inputs from human experiments. The computer simulation was 

validated by the human experiment results and provided valuable output for powerful 

statistical analyses. Earlier TMS simulation had limitation because they did not capture 

some aspects of TM such as subjective beliefs and task specialization. (Ren et al. 2006) 

My simulation expands on those limitations because subjective beliefs and task 

specialization are incorporated in my model. 

Theoretically, my model analytically proves that CIT functionalities can help teams 

not only during routine tasks but also in a dynamic environment when unexpected events 
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occur. In addition to the theory, empirical results reinterpret the findings of two different 

streams’ in IS research that argue CIT has an impact on performance (Brynjolfsson 1996; 

Easley et al. 2003; Pavlou et al. 2007) and those question CIT-performance relationship 

(Aral et al. 2006; Dewett et al. 2001; Sambamurthy et al. 2003). My results showed that 

CIT impact is not intuitive (since it can be either positive or negative) when CIT is 

treated as an independent variable affecting team performance. However, under dynamic 

events, such as the departure of a team member, CIT clearly moderates departure-

performance relationship and alleviates negative impact of departure. 

The remainder of the paper is organized as follows: The next section provides 

literature for the conceptual background followed by the analytical model and 

hypotheses. Then, contribution of this study is followed by the final section that discusses 

potential implications of this study. 

Boundary conditions and assumptions 

Main boundaries and limitations of this research relate to the team structure. In this 

model, team members work toward a common goal. At first glance, it may seem that all 

teams are made up of members working toward a common goal, but in some situations, 

agents have their own individual agendas and contradictory performance definitions. For 

example, in a homeland security task force, teams consist of members from different 

agencies, each with an agenda of its own. In my propositions, I provided a unique and 

consistent performance measure for each team member because otherwise it would not be 

easy to aggregate at the team level. Moreover, conflicting agendas among team members 
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would require a complex game theoretical model instead of the stylized maximization 

problem I propose in chapter 1. 

In my setting, team members collaborate on interdependent tasks. In rare instances, 

project boundaries and task characteristics may not allow interdependence, or 

interdependence might not be important for the final output. However, in field 

observations and human experiments, I observed that the very nature of team emergence 

usually stems from the interdependences of specialized people. Therefore, I considered 

the presence of interdependent tasks in both my analytical model and my computer 

simulation. In addition, the experiment is designed with a method to facilitate 

interdependencies. Interdependent task consideration is not a limitation but rather an 

expanded case that facilitates a tighter collaboration both in human experiments and in 

computer simulation models (Wageman 1995). Without interdependent tasks, several 

layers of collaboration among team members would be obsolete. 

I also assumed skilled and effortful team members both in the model and in the 

simulation. This is usually the case: since teams are working on complex tasks that a 

single person cannot easily complete, they employ members who bring in required skills. 

Besides individual motivation, organizations put reward mechanisms in place that 

facilitate effort maximization. I recognize that in some cases, a team member may slack 

or even distort others’ effort, but my model does not incorporate this possibility. 

The limitations of this research can be used as an opportunity to develop follow-up 

studies. One obvious possibility is to move from an experimental setting to a field-based 

setting. While the use of students as experimental subjects offers the benefit of a slightly 
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more controlled context, examination of naturally existing collaborating teams could 

improve the external validity of the research and offer additional insights. In summary, a 

follow-up qualitative study could be done with a project team working on a real task. 

This research is designed for co-located teams using CITs, but it can be extended to 

virtual teams. Finally, the turnover event includes both departure and arrival events. This 

paper is focused only on the departure. Inclusion of the arrival of a newcomer would 

complete a theory of turnover for small groups. 
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CHAPTER 2. CONCEPTUAL BACKGROUND 

This literature section: (1) presents the departure literature to build up a background 

for the independent variable of this study; (2) develops a unified collaborative 

information technology (CIT) concept using the collaborative information technology 

artifact and the communication technologies literature; (3) discusses transactive memory 

theory, its antecedents, and other group studies that used TMS; and (4) reviews the 

established team performance literature for the dependent variable in this research. 

Departure 

Management literature has approached the departure phenomenon mainly as a part of 

the turnover of personnel (Carley 1992; Hom et al. 2001; Kohl et al. 1989). Previous 

studies treated departure within the employee turnover phenomenon as the same (or in 

this case, as a hidden) dependent variable for human resource practices. However, 

personnel turnover consists of two separate events: the first one is the departing event, 

and the second one is the newcomer event. Turnover is complete when a new member 

joins after a current member departs from the team (Levine et al. 2005). Therefore, 

departure can be considered a subset of the turnover event. Departure and a newcomer’s 

arrival are completely separate events with different effects, but they usually occur 

together due to the nature of the turnover process in organizations. This study deals with 

the departure of a team member but not with the entire turnover phenomenon. Various 

collaborative team researchers address membership change (turnover) or the effects of 

newcomers on team performance (Choi et al. 2004; Levine et al. 2004; Lewis et al. 
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2007). Yet I do not know of any research that addresses how departure alone affects team 

performance. This research begins to fill the gap in this very prominent problem. 

Departure is important because it is a dynamic event in team work processes. In my 

research, I show that dynamic events, such as departure, bring a second layer of 

explanation regarding the role of collaborative information technologies. In the 

information systems field, there is considerable discussion about the business 

environment becoming increasingly dynamic with the help of faster information 

processing and communication capabilities. This dynamism in the contemporary business 

environment further increases the importance of the departure phenomenon (Arrow et al. 

2000; Levine et al. 2004; McGrath et al. 2000). Departure is fueled by this dynamism; 

therefore, the significance of the departure phenomenon will be amplified as the 

dynamism in the business world continues to develop. 

In order to fill the gap in the literature on departure, my paper develops a theoretical 

framework on the aforementioned streams of research. This framework helps answer the 

question of how CIT moderates departure’s effects on transactive memory development, 

and consequently on team performance. 

Collaborative Information Technologies 

Work teams use collaborative information technologies (CITs) to improve knowledge 

integration (Pavlou et al. 2007). CITs can be considered a subset of the information and 

communication technologies (ICTs) (Dutton et al. 1996; Easley et al. 2003) or the group 

decision support systems (GDSSs/GSSs) (Desanctis et al. 1987; Zigurs et al. 1998), yet 
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CIT is not limited to either ICT or DSS definitions. For instance, although CIT is defined 

within the boundaries of ICT and GDSS, unlike CITs, ICTs do not require an integrated 

set of tools, while GDSSs include decision support tools that may or may not facilitate 

collaboration. 

CIT and similar constructs are mostly studied in virtual team contexts, and they seem 

to have lost their competition against face-to-face communication, in terms of enhancing 

performance, in information systems (IS) theories such as media richness (Kock 2001; 

Majchrzak et al. 2000; Maznevski et al. 2000). Face-to-face communication is considered 

superior for both TMS development and overall team performance (Lewis, 2004; 

Maznevski et al., 2000). This leaves me with the question, Why it is almost impossible to 

find a company that uses only face-to-face communication methods, even though face-to-

face is shown to have a higher impact on team performance? The answer is hidden 

behind the very nature of CIT: co-location and using CIT can coexist because they are 

not mutually exclusive properties (Van den Bulte et al. 1998). For example, a co-located 

team can use most functions of CIT to enhance their processes as well as 

interorganizational teams can (Chi et al. 2005). CIT can increase teamwork quality when 

used effectively (Easley et al. 2003; Pavlou et al. 2007). The fit between the assigned 

tasks and CIT functionalities can facilitate many teamwork processes such as learning 

(Alavi 1994) and knowledge integration (Mitchell 2006). Therefore, in this study, instead 

of comparing CIT vs. face-to-face, I try to understand the impact of CIT presence or 

absence. 
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Transactive Memory 

Transactive memory (TM) theory was introduced by Wegner (1986). TM theory is 

based on the idea that the memory of individual collaborators can serve as external 

memory aids for others so that together, a group has all the information needed for a joint 

task (Wegner 1986). TMS provides a framework for managing knowledge and team 

knowledge dynamics (Moreland et al. 2003; Moreland et al. 1992). TMS is a useful tool 

in understanding how knowledge is stored and shared, especially in project groups that 

use information systems intensively, because it develops a model that mimics addressing 

and storage concepts of an information system (Akgun et al. 2005). 

Before setting up the model and the following experiment, I observed a small 

enterprise resource planning (ERP) software development team. Team members of the 

ERP project had different skills and levels of experience to contribute. Their specific 

skills included optimization core, graphical user interface (GUI), and networking and 

printer skills. Every individual was assigned specific tasks at the startup meeting 

depending on their specializations. At the same time, they became aware of other team 

members' specializations, but obviously they did not have others' entire knowledge set. 

For example, at the startup meeting, the GUI expert learned that there is a networking and 

printer expert, and when he needs to create a printer interface, he can always get help 

from the networking and printer expert instead of learning the entire system. Thus, the 

GUI expert may never need to learn knowledge related to printer interface because he can 

address the appropriate resource. In this case, the GUI expert's memory is shaped by what 
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he thinks about the networking and printer programmer's memory rather than by specific 

knowledge about networking and printers. 

In TMS, knowledge about who knows what is actively used to cooperatively store, 

retrieve and communicate information (Hollingshead 1998a). The project group 

mentioned above presents a good example of TMS. When the aforementioned project 

group (consisting of individuals with specific knowledge about optimization core, GUI, 

networking and printers) undertook the task, they formed a TMS to cover all skills 

necessary to complete the project. 

TMS can be used to explain the relationship between departure and performance as a 

mediator. The departure of a team member can lead to complex processes and can 

thereby affect team performance both directly and indirectly. These complex processes 

cannot be fully understood by only observing individuals. Departure phenomena must be 

analyzed at the team level. Major consequences of a team member departure include 

problems regarding skill and knowledge loss, coordination, and trust. While departure 

may cause a loss in the accumulated knowledge within the team, it may also cause 

changes in specialization structure as the differentiated structure of skills is affected. 

Team members rely on others in specific areas, and this reliance structure may change. 

For example, the GUI expert who relied on the printer expert to print his reports can 

either look for other people's skills or learn how to do it himself. Coordination becomes 

especially important because confusion is a natural psychological process after an 

unexpected event. The team may need to reallocate remaining tasks and reorganize "who 

knows what" by calling impromptu meetings. They may also face some degree of chaos 
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that may lead to backtracking or starting tasks over. Last but not least, the departure may 

have negative effects on the credibility in other team members’ abilities to operate. The 

decrease in credibility is aggravated especially if a non-departing member needs to work 

together with the departing member. 

TMS is a mediator because it explains the processes of collaboration and because the 

changes that occur after departure can be organized better through its indicators of 

specialization, credibility, and coordination. 

Team Performance 

The unit of analysis on performance increasingly shifted towards teams from 

individuals within the last two decades (Ancona et al. 1992; De Dreu et al. 2003; Derue et 

al. 2008; Ellis 2006; Gully et al. 2002; Mathieu et al. 2006) despite the fact that some 

researchers have argued that individual performances are directly correlated to team 

performance (Hoegl et al. 2001).  

One of the most prominent conceptualizations of team performance, developed by 

Hackman et al. (1976), has improved over time (Hackman 1987; Hackman 2002) and is 

used by several scholars in various contexts associated with teamwork (Barrick et al. 

1998; Lewis 2004; Zellmer-Bruhn et al. 2006). In Hackman’s team performance 

conceptualization, two inputs of team performance are defined as the level of effort and 

the amount of skill of team members (Hackman et al. 1976). 

The performance of teams depends on many factors in a project: task and team 

characteristics (Dailey 1978), team knowledge (Littlepage, Robinson, & Reddington, 
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1997), availability of formal plans (Mathieu & Schulze, 2006), and even the mood of 

group members (West, 1996). In this study I develop a work-done-based optimization 

model that accounts for effort and skill to show relationships among constructs: 

departure, collaborative information technology functionality, TMS strength, and team 

performance. 
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CHAPTER 3. ANALYTICAL MODEL 

The following section first provides a baseline analytical model to understand any 

phenomena related to team performance. Then I expand the baseline model to develop a 

departure-CIT model with proofs on the negative impact of a team member departure and 

on the role of collaborative information technologies (CIT). The model is based on well 

known performance input variables put forward by Hackman (1976) and utilizes the well 

established and measurable theory of TMS. To be precise, I will employ the theory of 

TMS to explain how a team member departure affects the complex mechanism of TMS in 

teamwork, and to hypothesize the role CIT plays in this process. 

This model holds when team members are skilled and are required to show effort. A 

skilled team member is efficient in doing his or her own tasks, and effort is considered 

shown if it is greater than zero. 

Effects of Team Member Departure 

Member departure leads to reduced team performance 

The impact of a member departure on team performance, which can lead to complex 

consequences, can be modeled as a performance-maximization problem. I argue that 

member departure leads to reduced team performance as measured by the performance 

variables put forward by Hackman. Hackman posits that group performance is a function 

of two main variables: the first one is the level of effort group members apply to work on 

the task, and the second one is the amount of knowledge and skill members bring to bear 

on the task (Hackman et al. 1976). 
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Loss of an active and efficient member will lead to distortion of the regular workflow, 

psychological distress, and the loss of the departed member’s skills. If the departing 

member was a contributing and socially beneficial member, his or her departure will thus 

lead to reduced performance at the team level. I have developed an analytical model to 

show that performance decreases when a team member departs.  

In this model, I exclude cases where a team member is damaging others’ efforts and 

thus the overall performance of the team. In addition to effortful agents, I assume all 

tasks are equally weighted. I recognize that tasks have different importance in most 

projects. Some tasks may be more critical to the project quality, or they can be 

interrelated. This assumption simplifies the model, but results hold even when the non-

identical weights are considered. 

The team has a single objective function, which is to maximize team performance. 

Team members choose to set their efforts by solving the following optimization problem. 

��(��) is the team performance for task j and ��� is the percentage of effort of team 

member i on task j.  

I define the team performance with the Hackman (1976) parameters of effort and 

skill. Thus work done for task j is the combination of the effort and skill. 

 ��(��) = 	 ���
�

× ��� 
(1) 

where ��� is the skill of the team member i on task j. 

Therefore, the original optimization problem (P) can be written as: 
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�����
	 ��(��)

�

���
    

�. �.     	 ��� ≤ 1 
�

���
  � = 1, … , �, 

�� = ����, ���, … , ���  

 

(2) 

 

The optimization problem (P) above has an optimal solution. When an arbitrary 

member departs, overall performance is lower than the original condition. 

To illustrate, recall the original problem (P): 

 max    $ ���      

�. �.     	 ��� ≤ 1      ∀�
�

 

(3) 

Let &���∗ ( be an optimal solution to the original problem. Now consider the same 

problem where member k departs (P-k): 

 max    $ ���     

�. �.     $ ��� ≤ 1      ∀��   (P-k) �)� = 0       ∀+     
(4) 

Suppose (P-k) has an optimal solution &�,��(. Here, note that (P-k) is exactly the same as 

(P) except it has an additional constraint of member departure. Thus, &�,��( is feasible for 

(P) since it satisfies $ ��� ≤ 1�  for all �. However, since&���∗ ( is optimal for (P), the 

objective function value at &���∗ ( should be greater than or equal to that at &�,��(, i.e., 

 $ ��� ���∗ ≥ $ ��� ��,�  = $ ���.) ��,�       (5) 

since �,)� = 0       ∀+, where ��∗ = (���∗ , ���∗ , … , ���∗ ) and �,� = (�,��, �,�� , … , �,��). 
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The inequality (1) above indicates that team performance for the team with the no 

departure conditions that I solved in the original problem (P) is greater than the 

performance of the team in which one member departed (P-k). In summary, when one 

member departs from the team, overall team performance measured by work done 

decreases. 

Therefore I propose: 

PROPOSITION 1a: Member departure leads to reduced team performance. 

Member departure leads to reduced TMS 

Let us assume optimal effort levels (��∗) are solutions to the aforementioned linear 

program (P). In actual projects this is the equivalent of a team-wide plan, Gantt chart, for 

the project. The following hypotheses will build upon the prior LP results and properties. 

First, I show the impact of departure on the components of transactive memory systems, 

and then I discuss the collaboration information technologies’ moderation effects. 

Transactive memory theory focuses on storage, retrieval and communication of 

specialized knowledge in teams (Hollingshead 2001; Wegner 1986). Timing, 

specialization of each team member, and even social relationships need to be coordinated 

while members work together. This mechanism has complex interactions when observed 

at the individual level. The transactive memory system (TMS) construct is especially 

appropriate to explain how knowledge can be used to improve team performance 

(Hollingshead et al., 2003).  
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TMS development can fail in several ways, yet it is very hard to predict failing 

components of TMS unless TMS is divided into indicators and it is observed as a latent 

variable. I argue that by utilizing the CIT model below, I can observe the TMS 

antecedents that can fail as a result of the turbulence that occurs after departure. When I 

utilize transactive memory theory, departure-CIT interaction gives an accurate picture of 

how and why CIT benefits performance when departure occurs.  

Team members, essentially all humans, prefer the status quo, resist change, and 

choose to use old processes after departure. After the departure of a collaborator, each 

individual may continue to complete the tasks in the old ways. However, skill is lost and 

processes are disturbed after departure. Team communication gets impaired due to these 

losses, thus leading to misevaluation of tasks. Team members cannot communicate as 

before and cannot complete the tasks without adapting to the changing environment. 

My hypothesis is built on three essential factors of TMS that can fall apart with the 

departure of a collaborating member: (1) specialization, (2) credibility and (3) 

coordination.  

1. Specialization is the differentiated structure of team members’ knowledge (Lewis 

2003; Liang et al. 1995; Moreland et al. 2000). Therefore, I can operationalize 

specialization as the variance in skills of a team. The demonstration is quite 

straightforward after this definition. 

Remembering that ��� is the skill of the team member i on task j, let µ be the average 

of average specialization (���). Also, /�� is the probability of a team member i's work on 

task j. 
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Team specialization on task j (task variation) is 

 01 �2� = 	 /��(��� − 4)� 
�

���
 

(6) 

For team specialization, task variations can be aggregated, assuming they are 

independent: 

 

01 (2) =  	 01 �2� 
�

���
 

(7) 

Each task variation 01 �2�  is a positive term; therefore, removing one of them (k
th

 

member) due to the departure of a team member reduces the team-level specialization. 

Where 01 (25)) is the aggregated variation without the team member k. 

 01 (25))  ≤  01 (2) (8) 

 

The inequality above illustrates that specialization after departure is less than or equal 

to specialization before departure. 

2. Credibility is an aggregation of members’ beliefs about the reliability of other 

members’ capabilities (Lewis 2003). Let 6��) be a random variable that encodes the 

perceived credibility of skill of member i on task j according to member k. This belief 

variable, or perceived credibility, will be based on ��� , which is the skill of the team 

member i on task j and an error term 7��) that is unobserved by researchers and that 

reflects the variance in beliefs. 

 6��) = ��� + 7��) (9) 

where 7��)~�(0, :�) and ��� is the skill of the team member i on task j. 
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Case 1: When there is no departure, the credibility is the aggregation of all individual 

perceived credibility values. The value needs to be normalized because my measure 

should be consistent for very large and small teams. Otherwise, a very large team (e.g., a 

team with one hundred members) would be much larger in the order of magnitude than a 

very small team of three to five members. 

Moreover, a member’s perceived belief in himself or herself is not relevant for the 

purposes of this model; therefore, 6��) is not defined for � = ;. Consequently, the 

credibility within a team is modeled as the aggregate random variable 6, which is defined 

as 

 

6 = 1
� 	 	 	 6��)

�

)��).�

�

���

�

���
= 1

� 	 	 	 ���
�

)��).�

�

���

�

���
+  1

� 	 	 	 7��)
�

)��).�

�

���

�

���
 

(10) 

By elementary algebra, one has 

 

6 = � − 1
� 	 	 ���

�

���

�

���
+  1

� 	 	 	 7��)
�

)��).�

�

���

�

���
 

(11) 

To simplify notation, define the aggregate skill and aggregate error as 

 

  2 = 	 	 ���
�

���

�

���
,  

(12) 

 

 

< =  1
� 	 	 	 7��)

�

)��).�

�

���
.

�

���
 

(13) 
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Thus, 

 6 = � − 1
� 2 +  < 

(14) 

where S is the aggregate skill of the team and <~�(0, (� − 1)=:�)  

Case 2: In case of the departure of some team member d, I must redefine the random 

variable of perceived credibility as 

 6>��) = ��� + 7,��) (15) 

Similar to Case 1 7,��)~�(0, :�). Note that 7,��) is not the same random variable as 

7��), since team members realign beliefs after departure.1  

Normalization factor is 
�

�5� because team will have N –1 team members after team 

member d departs. 

 

6> = 1
� − 1 	 	 	 6>��)

�

)��).�).?

�

���

�

����.?

= 1
� − 1 	 	 	 ���

�

)��).�).?

�

���

�

����.?
+  1

� − 1 	 	 	 7,��)
�

)��).�).?

�

���

�

����.?
 

(16) 

Again, by elementary algebra, 

 

6> = � − 2
� − 1 	 	 ���

�

���

�

����.?
+ � − 2

� − 1 	 	 	 7,��)
�

)��).�).?

�

���

�

����.?
 

(17) 

 

                                                 
1 A short proof shows that the results hold when 7,��) do not change. 
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Letting  

 

2A = 	 	 ���
�

���

�

����.?
,  

(18) 

 

 

<> =  1
� − 1 	 	 	 7,��)

�

)��).�).?

�

���

�

����.?
, 

(19) 

One has: 

 6> = � − 2
� − 1 2A + <>  

(20) 

 

where <>~�(0, (� − 2)=:�). 

The change in the aggregate credibility due to the departure is:  ∆6 = 6 − 6>  

 ∆6 = � − 1
� 2 +  < − C� − 2

� − 1 2A +  <>D 
(21) 

 

 ∆6 = � − 1
� 2 − � − 2

� − 1 2A + < − <>  
(22) 

The expected value of the change in the aggregate credibility is positive if 2 > 2A and 

�5�
� > �5�

�5� . 2 

That is <(∆6) > 0 . So, total credibility reduces with departure. 

Note that when � approaches infinity, fractions approximate to one, and one has in 

the limit 

                                                 
2 Proof of  

�5�
� > �5�

�5� is straightforward with cross multiplication. Multiply both sides by N(N-1) as N is a 

positive integer (team size.) (� − 1)� > �(� − 2) is easy to show with expansion. 
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 <(∆6) ≅ 2 − 2A. 
Consequently two important conclusions are derived in this setting: 

a. Departure leads to credibility decrease. 

b. If team size is small and a departing member has a significant skill, then 

credibility reduction becomes more drastic. 

3. Coordination, or the orchestrated processing of knowledge, is vital component in 

helping different people work together toward a common goal. Coordination creates 

synergy among individuals, thereby developing a combined effect that is greater than the 

sum of their individual effects.  

Analytically, coordination in this model is defined as the weighted average of 

the ��(G)
, where each ��(G)

 is work done for task j only through coordination. Here, let 

���(H)
 and ���(G)

 be individual and coordinated efforts respectively. In this case, the 

aggregate work done for task j is denoted as I��, and it is composed of individual and 

coordinated work done: 

 I�� = ��(H) + J���(G)
 

= 	 ���(H)
�

��� + J� 	 ���(G)
�

��� 

(23) 

where J� ∈ (0,1) is a task-specific weight constant that signifies the importance of 

the coordinated work done relative to the individual work done. 

Consequently, I need to solve the following problem: coordination problem (CP): 

 max���
  	 I��   

�
 

(24) 
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�. �.     	 ���(H) ≤ 1      ∀�
�

 

	 ���(G) ≤ 1      ∀�
�

 

 

Note that the solution to the problem above can be obtained by solving two sub-

problems for ��(H)
 and ��(G)

. 

 max���
  	 ��(H) �. �.    

�
 	 ���(H)

�
≤ 1 ∀�  (25) 

 max���
  	 J���(G) 

�
 �. �.       	 ���(G)

�
≤ 1 ∀�  (26) 

As in the analysis of H1a, ��(H)
 and ��(G)

 drop after departure of member k.  

By definition, coordination is I = $ L�M�(N) �
$ L� � . Noting that J� are constant, departure of 

member k decreases the value of C.  

In summary, TMS can be interpreted as function O(01(2), P, I, Q) where Q denotes 

the variables unobserved by the researcher. TMS is monotone increasing in each of its 

first three arguments (01(2), P, I). Ceteris paribus, O decreases if any of its arguments 

decreases. 

PROPOSITION 1b: Member departure leads to reduced transactive memory strength. 

Moderation of Collaborative Information Technologies (CITs) 

CITs have different functionalities that facilitate knowledge integration. First, CITs 

enable communication among team members (Pavlou et al. 2007) with different levels of 
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synchronousness and richness. Providing a synchronous and rich communication 

environment creates a quasi-natural collaboration for the virtual teams. With these 

functionalities, technology shifts behaviors to resemble the behaviors elicited by a 

conventional medium—collaborators feel more like they are in a natural meeting room. 

Second, CITs offer a repository for completed tasks and all previous versions (Kock 

2001; Neus et al. 2005). A repository creates an additional storage option for each 

collaborator. When an additional storage is provided, team members feel secure and use 

their memories for additional processes instead of for storing the addresses and 

knowledge. Collaborators focus on tasks instead of worrying about storing and sharing 

completed outputs. Finally, CITs provide an effective means of planning and a workflow 

management tool (WMT) that can support group processes. Like the repository, the 

WMT gives a sense of security. 

In summary, the fit between CIT and task characteristics generates an alignment of 

expectations, enabling team members to understand: Who is working on what? Who is 

relevant to a specific task? And, finally, what are the technical and organizational 

constraints that other team members face? Different types of CIT used for 

communication, repository, and workflow management can promote TMS. I argue that 

CIT can substitute for some parts of TMS (such as storage, communication, and retrieval) 

when there is a team member departure. However, I have discovered that the relationship 

is not as apparent as I expected. 

Interestingly, in my analytical proof, the direct impact of CIT was confusing. 

Similarly, literature also provides conflicting views regarding not only the effect of CIT 
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but also the question of whether IT implementation pays off. After developing the 

following analytical model, I observed that IT functionalities do not always pay off. 

However, this result led to more interesting findings: specific cases where the role of CIT 

is clear. 

Let us assume the technology has an added value on top of the work done that I 

maximized in the original problem (P). Define V(CIT) as the added value of collaborative 

information technology, and V(CIT) is a monotone increasing function (meaning its 

value increases as the CIT functionality increases). 

 CIT ∈ (0,1) (27) 

i.e.: CIT = 0 means nobody uses the CIT at all, and CIT = 1 means everyone uses all 

of the CIT functionalities. The CIT value can be somewhere in between, depending on 

the number of functionalities used by the team. 

When collaborative information technologies are provided to a team, it does not come 

without a price. There is an effort necessary to use those tools, even when the software 

and tools are monetarily free, which can be measured as the opportunity cost. Therefore, I 

need a cost component in the model when I include CIT. 

Cost of using the CIT is the effort scale down factor U(IVP) in my model. U(IVP) is 

a monotone decreasing function (meaning the cost decreases as the CIT functionality 

increases). 

The previous objective function $ ��(��)����  can be summarized for N team members 

as ��: A linearly interpolated differentiable version of the discrete function. When CIT 

is considered, ��turns into: 
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 �(IVP) = U(IVP)�� + 0(IVP) (28) 

In hypothesis 1, I postulated that �� is increasing. So, how does technology change 

performance or work done? By using a simple partial derivative with respect to CIT and 

using only the signs: 

 W�(IVP)
WIVP = WU(IVP)

WIVP �� + W0(IVP)
WIVP  

(29) 

If I take partial derivatives with respect to CIT, the results represent the change in 

work done when the CIT functionality is provided, or in other words, when the team uses 

a better technology. 

Note that: 

• 
XY(GHZ)

XGHZ < 0 because U(IVP) is monotone decreasing. Denote as –A. 

• �� constant with respect to CIT 

• 
X\(GHZ)

XGHZ > 0 because 0(IVP) is monotone increasing. Denote as B. 

∴      XM(GHZ)
XGHZ = −A�� + B where A and B are positive constant numbers. 

The value of 
XM(GHZ)

XGHZ  can be positive or negative. Therefore, I cannot determine if 

more CIT functionality brings benefit to the work done by the team. However, when 

combined with the departure effect, the result turns out to be extremely interesting. 

If I take partial derivatives with respect to both N and CIT, the result represents the 

change in work done when the number of team members (N) and the CIT functionality 

changes. 
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 ∂
∂N

W�(IVP)
WIVP = ∂

∂N bWU(IVP)
WIVP �� + W0(IVP)

WIVP c 
(30) 

 ∂
∂N

W�(IVP)
WIVP = ∂

∂N (−A�� + B) 
(31) 

Note that: 

1. 
XMd

X� > 0 because �� is monotone increasing. Denote as C. 

∴      X
X�

XM(GHZ)
XGHZ = −A × C where A and C are positive constants. 

The value of 
X

X�
XM(GHZ)

XGHZ  is always negative. This means when the CITs are highly 

utilized, the departure effect decreases. Therefore, the direct impact of CIT can either be 

negative or positive. More technology does not enhance performance, but it alleviates the 

negative impact of departure. 

PROPOSITION 2: When facing member departure with greater CIT functionality, the 

team performance is reduced less than when facing member departure with less CIT 

functionality. 

Analytically, I have shown that CIT is a moderator, but for better illustration, Table 2 

(on the next page) provides a summary of how CIT functionalities alleviated departure’s 

effect in real life human experiments. 
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Table 2. The ways in which CIT alleviates the impact of departure 

CIT 

functionality 

How does it alleviate the ill 

effects of departure? 

Example 

Synchronousness • Makes faster recovery possible 

from confusions and coordination 

problems 

• Team members can adjust their 

work by anticipating behaviors of 

others 

Being in synch can significantly 

reduce the time to recover from 

post-departure chaos (as one of my 

subjects stated in the pilot study).  

Richness • Provides a higher level of 

coordination (close to face-to-face) 

• Can enhance the quality of the 

end product and conflict resolution 

An emergent leader defined that he 

can coordinate much more 

effectively with more natural-

feeling communication media.  

Repository • Can provide a platform of 

credible reallocation of tasks 

• It can make sure that the 

departed member leaves created 

knowledge within the team 

• Helps to keep the correct 

versions and manage changes  

Open source developers use 

Concurrent Versions System (CVS) 

and Sourceforge databases to keep 

versions even though they are not 

the final product. 

They also use message boards for 

task allocation instead of e-mail 

(which is increasingly less 

credible). 

Workflow 

management 
• Provides a database on the skill 

of every team member 

• Team members are endowed 

with a permanent addressing of the 

work done and who has done it 

P&G keeps skill databases where 

managers evaluate employees. After 

a project is completed, the database 

is used for future task allocation, 

reward, and recognition. 

 

Transactive Memory Systems Mediation 

The connection between TMS strength and team performance has been analyzed in 

the literature. Nevertheless, as far as I know, this research provides the first analytical 

model that demonstrates links between TMS and a team’s task performance. Several 

studies attribute this connection to the familiarity among team members (Hollingshead, 

1988a; Wegner, 1986; Lewis, 2004). Familiarity is known to have a direct relationship to 

group performance (Levine et al., 2005; Moreland & Levine, 1992) since familiarity 
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allows team members to anticipate each other’s behaviors rather than just reacting to their 

final actions. 

Recall that specialization is modeled as the variance among skills of team members. 

If probabilities are uniformly distributed, /�� can be written as 
�
�. 

 01 �2� = 	 1
� (��� − 4) 

�

���
 

(32) 

Remembering optimal work done (1) for performance with uniform efforts where 

���∗ = J are constants: 

 �� = ��(���∗ ) = 	 ���∗
�

× ��� 

(33) 

I can substitute 01 �2�  in �� 

 01 �2� = 1
� 	 ��� 

�

���
− 1

� 4 

(34) 

 � e01 �2� f + 4 = 	 ��� 
�

���
 

(35) 

 �� = J 	 ���
�

 
(36) 

 �� = J� e01 �2� f + 4 (37) 

If I take the partial derivative with respect to specialization 01 �2�  to see how 

performance changes with respect to the change in specialization: 
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 ∂��
∂01 �2� = J� 

(38) 

I know both J and � are positive numbers. The result proves that the change in team 

performance (��) is positive when it is caused by the change in specialization (01 �2� .) 

Therefore I can safely state: The extent of specialization among teams and the skill level 

of team members are positively related to the strength of TMS. 

Credibility within a team is modeled as the aggregate random variable 6, which is 

defined as:  

 

6 = 1
� 	 	 	 6��)

�

)��).�

�

���

�

���
 

(39) 

6��) is a random variable that encodes the perceived credibility of skill of member i 

on task j according to member k as used in H1b. 

 6��) = ��� + 7��) (40) 

where 7��)~�(0, :�) (tacit parameter that reflects the variance in the beliefs) and ��� 

is the skill of the team member i on task j. 

Plugging equation (40) into team performance formula (41), I get the change in 

performance upon a change in credibility. 

 �� = J 	 ���
�

 
(41) 

 �� = J 	 6��)
�

− 7��) 
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If I take the partial derivative with respect to credibility 6��) to see how performance 

changes in relation to the change in credibility: 

 ∂��∂6��) = J 	 1
�

− 7��) 
(42) 

I know J is a positive number, and the error term 7��) is normally 

distributed ~�(0, :�).  

This result shows that the change in team performance (��) is positive when it is 

caused by a positive change in credibility. Credibility helps members to share knowledge 

with confidence. Fewer quality checks bring effectiveness, resulting in better time 

management and task performance.  

Coordination is defined as the orchestrated processing of knowledge. Coordination 

creates synergy among individuals, thereby developing a combined effect that is greater 

than the sum of their individual effects. Coordination leads to tighter expertise 

integration, which has a direct impact on task performance (Littlepage et al., 1997). 

I modeled coordination with a synergy component; in H1b, the coordination 

parameter is  

 I = $ J���(G) �
$ J�  �  

(43) 

In this model, J� is constant; therefore, it is clear that there is a positive relationship 

between coordination and team performance. This is the third and last relationship I seek 

between TMS factors and team performance.  
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I interpreted TMS as a function O(01(2), 6, I, Q) where Q denotes the variables 

unobserved by the researcher. TMS is monotone increasing in each of its first three 

arguments (01(2), 6, I). I also showed that each of these arguments is positively 

correlated with the team performance measure: work done.  

Through TMS, team members learn “who knows what” in addition to new knowledge 

(Moreland, 1999); this creates an invisible social comfort bond between team members 

because it facilitates familiarity. A strong TMS helps team members’ trust in each other’s 

skills. People feel more comfortable while working with someone they know. Moreover, 

when team members trust each other, they become confident that the team will perform 

even better on future tasks. The relationship between TMS and performance is defined by 

each factor of TMS: specialization, credibility and coordination. 

PROPOSITION 3: TMS mediates the relationship between member departure and team 

performance. 

The preceding analysis leads to the following conceptual model, shown in Figure 1, 

of collaboration after team member departure and the role of CIT. 
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Figure 1. Conceptual model of collaboration after team member departure 

 

Validation is essential for this stylized maximization problem, although I have proved 

all propositions associated with it. In the following chapters I empirically test each 

proposition using both human experiments and computer simulation methods. In 

knowledge worker teams smaller sized teams proved to rely on information technology to 

enhance their output (Carrillo et al. 2000; Carrillo et al. 2004; Gaimon 1997). Therefore, I 

follow the previous research in CIT functionality and team size selection in the next 

chapter. 
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CHAPTER 4. EXPERIMENT 

OBJECTIVE 

In this experiment, I tested the propositions I developed in the previous analytical 

model chapter. The analytical proofs are based on the aforementioned collaboration 

assumptions and limited by the boundary conditions of working towards a common goal, 

task interdependence, and skilled and effortful team members. Most importantly, the 

main assumption made in this study concerns the collaboration behavior. I assume that 

team members are working toward a common goal. Yet teams do not always work 

together toward a common goal. From time to time, agency problems occur when 

members have different agendas. Relaxation of this assumption may require revision of 

the model to include a game theoretical approach to the same question. All these 

assumptions allowed me to provide analytical proofs for the propositions above, but the 

randomness from the human element requires an empirical validation for this theory. 

Therefore, I conducted the following experiments to provide empirical validation and 

further insight. 

The objective of the experiment was to understand the role of collaborative 

information technologies (CITs) in relation to the departure of a team member. Therefore, 

independent variables in this experiment were collaborative information technologies and 

team member departure. Moreover, I used the TMS components of specialization, 

credibility, and coordination (Lewis 2003) to measure the group’s TMS strength. This 

was done by investigating TMS level as the mediator between departure and team 



 40 

performance. Lastly, team performance, the dependent variable, was defined as the 

combination of task output performance (Hackman 1987). 

HYPOTHESES 

The purpose of this experiment was to test the conceptual model in Figure 1. I 

designed an experiment based on the assembly tasks experiment that is generally used in 

the TMS literature. I redesigned the components so that they could incorporate virtual 

collaboration using e-mail, chat, webspace, and other workflow management tools. 

Departure of a team member initiates a complex chain of events in teams. Departure 

is experienced as skill loss, distortion of regular flow, and psychological distress. Skill 

loss is mainly due to the removal of a unique skill set taken by the departing team 

member, assuming the departing member’s skill is valuable for the project tasks. Though 

there may be cases where departing member makes more damage than contribution, I 

assume that each departing member takes a skill set that is valuable for the team. 

Teams quickly learn their routine, and members focus on efficiency, especially in 

small teams of three to ten members (Levine et al. 2005). An unexpected departure 

directly removes a team member from network of who knows what. Therefore, the team 

must reallocate previously assigned tasks, which costs time and effort that otherwise 

could be used for tasks in hand. The loss of time and effort damages the overall 

performance (Hackman et al. 1976). 

The propositions in chapter 1 (analytical model) are used as hypotheses to be tested in 

this empirical part: 
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HYPOTHESIS 1a: Member departure leads to reduced team performance  

HYPOTHESIS 1b: Member departure leads to reduced transactive memory strength 

HYPOTHESIS 2: When facing member departure with greater CIT functionality, team 

performance is reduced less than when facing member departure with less CIT 

functionality. 

HYPOTHESIS 3: TMS mediates the relationship between member departure and team 

performance. 

Psychological distress can emerge after unexpected events and can significantly 

reduce an individual’s efficiency. The departure of a team member is a good example of 

an unexpected event. The shared cognition of the team structure and all relationships 

pertaining to the understanding of the social structure changes after departure (Cannon-

Bowers et al. 2001). Both the effect on the individual’s state and the shared cognition of 

the team can have a negative impact on overall team performance. 

The above arguments also explain why the transactive memory of each team member 

can be damaged by departure. Departure of a useful team member who is effectively 

working on task completion alters the team’s way of doing things (Moreland et al. 2003). 

Aggregate skill level lessens, trust in others’ credibility is reduced, and coordination is 

disturbed. These have both direct effects on performance and indirect effects through 

TMS. Departure has a tendency to harm all interdependent tasks and people who related 

to the departed member (Arrow et al. 2000; Levine et al. 2005). The credibility damage is 



 42 

a direct result of the skill reduction in the subgroup. Team members are less likely to 

believe they will finish the assigned task on time and with a sufficient level of quality. 

Through these changes, a team’s specialization structure, credibility, and coordination 

factors, and thus its TMS strength, are negatively affected. 

CITs have different functionalities to facilitate knowledge integration. First, CITs 

enable communication among team members (Pavlou et al. 2007). These functionalities 

can reduce the effects of departure, including skill loss, distortion of regular flow, and 

psychological distress. 

Storage functionality can act as a backup repository that can be used in case of 

departure. The immediate benefit of using an effective repository system may not be 

noticeable. Or worse, the costs of procuring and using a storage system may exceed its 

benefits. However, in my observations, I saw that team members made immense use of 

repository functionality during crisis events such as departure. 

Workflow management tools provide a second layer of protection against distortions 

after departure. Problems can be solved faster when there is common knowledge on “who 

knows what” and “how much they know.” After departure, remaining tasks can be 

allocated according to stored common knowledge of skills. The credibility component of 

TMS is also directly affected by the use of WMT. Team members are endowed with a 

permanent means of addressing the work done and identifying who has done it. This 

helps credibility since an aggregated record of performance is more reliable than human 

memory.  



 43 

Other functionalities such as synchronous and rich communication help problem 

solving and task reallocation. Being synchronous provides speed, and being rich helps in 

accuracy. 

The connection between TMS Strength and team performance has been analyzed in 

the literature, but I argue that TMS can also act as a mediator in explaining how and why 

events like departure and technology functionalities play a role in team performance. 

Moreover, this empirical study intends to validate theoretical work done on TMS 

mediation. 

Figure 2 depicts the hypothesis and the theoretical model used in the structural 

equation model. 

 

 

 

 

 

 Figure 2. Conceptual model used in SEM 

 

METHOD 

I present both pilot experiments and the full experiment in this chapter. Pilot 

experiments are included to provide a complete storyline of the human experiments’ 
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development. I report each pilot’s results and all changes made after conducting the 

experiment. 

Participants 

Subjects in this experiment were 168 students recruited from two sections of an 

undergraduate course at a large public university in the southwest United States. Course 

instructors, who were not involved in the research, gave participating students extra credit 

toward their course grade. There were 99 female and 69 male participants who averaged 

20 years in age. Pilot subjects were recruited via poster announcements and compensated 

with cash. 

Subjects were randomly assigned to three-member groups. They were given code 

names (Red, Yellow, and Blue) and asked to use only those names. All experiment 

communications used these code names, so previous relationships between subjects and 

subjects’ identities became irrelevant. 

The pilot experiments included 120 subjects and were conducted in two runs. The 

first pilot took place between February 22, 2008 and April 12, 2008 and the second 

during summer 2008 between June 23, 2008 and July 4, 2008 at the Behavioral Research 

Laboratory of the University of Texas at Austin. Subjects were in the same room but 

located at separated workstations; it was not possible for them to communicate by any 

means other than through the provided CIT. Two to four groups were used in each 

session to create competition for better performance and additional motivation. All 
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trainings and debriefings were given in video format to ensure standardization among 

different groups. 

Procedure and Tasks 

The subjects were told to draw different shapes in each round (see Figure 3), paint 

them, and combine them to form bigger objects such as a farm, which is the combination 

of house and barn. Finally, they completed a picture using previously drawn objects. All 

subjects were given thorough and detailed sketch/task guidelines (see appendix A for the 

experiment package). 

 

Figure 3. Summary of each round’s task objectives 

 

The treatments were departure and CIT level. The departure treatment had two levels:  

a team member either left after round three or stayed. Providing CIT that would 

complement the task required a little more complex subdivision. Team members were 

assigned conjunctive tasks with reciprocal interdependency. Therefore, one treatment 

group was provided with tools that had a technical fit to the task characteristics. This 
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group received a set of CIT that included a messenger, a pooled repository and a planning 

tool that complemented the tasks well. The other treatment group used only a messenger 

that allowed dyadic sharing with no storage capability. Table 3 is a summary of the 

treatment sets and their properties. 

 

Table 3. Summary of the treatment sets and their properties 

  Collaborative information technologies 

  High CIT functionality Low CIT functionality 

D
ep

ar
tu

re
 

Y
es

 

Available CIT components: 

Google Talk 

Webspace folder 

Workflow management tool 

One team member leaves after round 3 

Available CIT components: 

Google’s messenger in browser 

No storage folder 

Memoryless rating system 

One team member leaves after round 3 

N
o

 

Available CIT components: 

Google Talk 

Webspace folder 

Workflow management tool 

Team continues through round 4 with all 

members 

Available CIT components: 

Google’s messenger in browser 

No storage folder 

Memoryless rating system 

Team continues through round 4 with all 

members 

 

Measures 

The experiment was controlled by the independent variable departure, which was 

moderated by the CIT-functionality. I measured transactive memory system (TMS) as the 

mediator, and team performance as the dependent variable. Moreover, I controlled for 

demographics, motivation, and prior experience with the technologies provided in the 

experiment. Variables’ definitions, variation procedure, measurements and control 

mechanisms are as follows: 
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Independent Variable: Departure 

Departure is the sudden exit of a current member from the collaborating social group. 

Sudden departure usually leads to unfinished tasks that would contribute to the 

completion of the project. In this experiment the team member with the highest centrality 

was selected to depart. The principal investigator selected him or her after the third 

round, after observing the frequency of interaction and calculating centrality based on the 

frequency of interaction. 

Moderator: CIT Functionality 

Collaborative information technologies (CIT) enable communication among team 

members (Pavlou et al. 2007). They also offer a repository for completed tasks and all 

previous versions (Kock 2001; Neus et al. 2005). Finally, but maybe most importantly for 

departure, they provide effective workflow management tools (WMT) that report the 

amount of work done and the person who had done it. CIT was provided at two different 

levels (see table 3), and its impact was controlled by a post-experiment parameter-

manipulation survey and discussions. 

Mediator: Change in TMS 

Transactive memory system (TMS) in this experiment was measured using a nine-

item scale questionnaire adapted from Lewis (2003) and designed to compute team level 

latent variables of specialization, credibility, and coordination. The online TMS 

questionnaire filled by subjects after all rounds, to observe the development of TMS 

throughout the duration of the experiment. I used “change in TMS” to measure the drop 
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in TMS after departure. In the control group with no departure, the change in TMS 

between the same two rounds (that is, between rounds three and four) was measured for 

comparison. Previous research has often relied on recalled information to measure TMS 

(Hollingshead 1998b; Liang et al. 1995; Moreland et al. 2000; Wegner et al. 1991) but 

my experiment is designed to utilize creative interdependent tasks that fit better with 

Lewis’ measurement scheme.  

Dependent Variable: Change in Team Performance 

The dependent variable is team performance, which was measured by two 

researchers; inter-rater agreement (Cohen’s Kappa) was substantial (0.78) for twenty 

samples randomly selected from the entire set. I used “change in performance” to 

measure the drop in team performance after departure. In the control group with no 

departure, the change in performance between the same rounds (three and four) was 

measured for comparison. 

Subjects’ work was rated for level of contribution to the team, timeliness, and quality. 

I moved from self-reported performance evaluation to researcher evaluation, which 

required raters to evaluate performance according to strict guidelines. Quality and 

timeliness ratings were measured using the following guidelines and aggregated to form a 

performance measure. 
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Table 4. Timeliness measure guidelines 

Timeliness 

rating 
Definition 

5 WELL BEFORE: Subject completed tasks under 10 minutes 

4 ON TIME: Subject completed tasks between 10 and 15 minutes 

3 LATE: Subject completed tasks between 15 and 20 minutes 

2 VERY LATE: Subject completed tasks after 20 minutes  

1 NOT FINISHED: Subject did not complete the tasks 

 

Quality of work was rated according to the guidelines below by two referees who 

were not principal investigators. Raters were provided with detailed guidelines of the 

shapes that subjects would be drawing (table 5 & figure 4). 

Table 5. Quality measure guidelines 

Quality rating Definition 

5 Shapes are perfect according to the given specifications: full 

compliance 

4 Shapes are slightly imperfect: isosceles triangle is tilted, or less 

than 0.1 inch short 

3 Shapes have visible issues but they are complete: i.e. ellipses 

instead of circles 

2 Shapes are incomplete: there is a missing tire on the car or a 

window on the house 

1 Shapes are not drawn correctly or not drawn at all: i.e.: draw tree 

instead of a house 
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Figure 4. Sample drawing guidelines for the house 

 

The quality-rating guidelines for the final picture were different from those for the 

previous rounds because the final picture was more complex. The reviewers were given 

more generalized quality measure guidelines for the final picture (figure 5, table 6.) 

I followed the previous literature in determining the appropriate performance 

measure. In the literature, performance was usually determined via supervisor or 

experimenter ratings (Barrick et al. 1998; Lewis 2004; Wong et al. 2000). 
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Figure 5. Sample final picture  

 

The final picture quality guideline for the referee evaluation was as follows: 

 

Table 6. Quality measure guidelines for the final picture 

Quality rating Definition 

5 The final picture is perfect according to the given specifications: 

full compliance, and aesthetically pleasant with no imperfections 

4 The final picture is slightly imperfect: isosceles triangle is tilted, 

or less than 0.1 inch short but still aesthetically pleasant 

3 The final picture have visible issues but they are complete : i.e. 

ellipses instead of circles, not painted but locations does make 

sense 

2 The final picture is incomplete: there is a missing tire on the car 

or a window on the house, and aesthetically unpleasant 

1 The final picture is not drawn correctly or not drawn at all: i.e.: 

not painted at all, missing house, tree, etc… 
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Manipulation Check and Control Variables: 

Before the experiment, subjects filled out a survey about their demographic 

characteristics and their prior experience with CIT and drawing tools. A post-experiment 

survey was collected after the tasks had been completed. The post-experiment survey was 

used to check departure and CIT-level manipulations as well as task complexity, CIT 

usefulness, and motivation.  

ANALYSIS AND RESULTS 

In analyzing the full study, I used SPSS version 17 and WarpPLS, a Partial Least 

Squared (PLS, a second-generation multivariate method) based, Structured Equation 

Modeling (SEM) tool to analyze the data. PLS and WarpPLS allowed me to identify the 

linear and nonlinear relationships between the latent variables/constructs with their 

estimated path coefficients as well as the regression between latent variables. Both PLS 

and WarpPLS appraise the theoretical model and the measurement model simultaneously 

(Chin et al. 2003).  

Table 7 reveals the bivariate correlations of the latent variables as well as the means 

and standard deviations, as represented in the last two rows. The significance levels of the 

relationships are 0.05 for (*) and 0.01 for (**).   
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Table 7. Correlations, mean and standard deviation values 

 Departure Change in TMS Change in 

Performance 

CIT 

Departure (1)    

TMS -0.485** (1)   

Performance -0.333* 0.352* (1)  

CIT 0 0.257 0.138 (1) 

Mean 0.500 -0.095 0.009 0.500 

Std. Dev. 0.506 0.351 0.556 0.506 

 
Notes: 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

-Std. Dev.: Standard Deviation. 

 

Table 7 shows that TMS is negatively correlated with departure at the 0.01 

significance level (β = -0.485). While change in performance is significantly and 

positively correlated with change in TMS (β = 0.352; p < 0.05), it is negatively correlated 

(β = - 0.333; p < 0.05) with team member departure. On the other hand, the results did 

not indicate any significant correlation between departure, change in TMS, or change in 

performance. Table 7 also shows the mean (mean for: a) departure is 0.5; b) TMS is -

0.095; and c) change in performance is 0.009) and standard deviation (standard deviation 

for: a) departure is 0.506; b) change in TMS is 0.351; and c) change in performance 

0.556) values of the constructs. 

In order to examine multicollinearity, I measured variance inflation factors (VIF). All 

VIF are below the threshold, and therefore there is no multicollinearity. For example, VIF 

between constructs are as follows: VIF for change in TMS and change in performance is 

1.212; VIF for departure and change in performance is 1.210; VIF for interaction of CIT 

and departure, and change in performance is 1.002. 
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between TMS and performance with p-value at 0.45.  On the other hand, the variance 

explained for TMS is 0.24 and for change in performance is 0.18. 

The model that has been presented in this research has been compared with various 

other models and their measurements to identify that this model is the most suitable one. 

During that process, all models were analyzed and the significance levels, R
2
 values, 

coefficients, etc. were recorded and compared. In addition to that process, I measured the 

model fit for each alternative model. Kock (2010) suggests that “if the goal is to find out 

whether one model has a better fit with the original data than another, then the model fit 

indices are a useful set of measures related to model quality.” Using WarpPLS, I 

measured average R
2
 (ARS) and average variance inflation factor (AVIF) values as two 

model fit indices. The significant ARS value, which was calculated via re-sampling, and 

the AVIF value of less than 5 are indicators of good fit. Therefore, my model has a good 

fit (Kock 2010). My results reveal that ARS value is 0.210 with a P-value of 0.048 and 

AVIF value is 1.141, which is less than the threshold value of 5. 

In addition to aforementioned analysis, I conducted ANOVA to examine the 

difference in means. Figure 7 summarizes the effects of departure and use of CIT on 

change in TMS and change in performance. The figure shows that when there is a 

departure from a team, it has a negative impact on both change in TMS and change in 

performance. When TMS develops, the effective use of TM eliminates some amount of 

risk regarding departure. However, considering the overall impact of departure, even CIT 

is not enough to compensate for this negative effect. Performance, as well, is affected by 

team member departure. Like TMS, the use of CIT has a compensating effect; however, 
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it is not enough to eliminate the whole risk of departure. The figure also reveals that 

when there is no departure from any team, CIT has a positive impact on both TMS and 

performance. 

(a) (b) 

Figure 7. a, b. Performance and TMS values 

Figure 7 can be explained in more detail through reference to figures 8 and 9. In 

figure 8, a and c represent that the average performance within periods is highest with 

CIT usage under no team member departure. When there is a departure from a team, 

performance drops drastically (see figure 8, b and d). However, when the team members 

are using CIT, the reduction in performance is less, and in fact, performance increases 

after some point. Therefore, as figure 8 represents, while departure of team member(s) 

causes reduction in performance, the use of CIT can eliminate this reduction in 

performance to some degree. 
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(a) (b) 

(c) (d) 

Figure 8. a, b, c, d. Performance output under all treatments 

 

Figure 9, which depicts the change in TMS, can be explained similarly. As seen in 

figure 9, a and d, use of CIT leads to more stable TMS level over time when there is no 

team member departure. Departing team members cause a reduction in TMS. As with 

performance, use of CIT eliminates the reduction in TMS to some degree (see figure 9, b 

and d). 
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(a) (b) 

(c) (d) 

Figure 9. a, b, c, d. TMS output under all treatments 

 

The ANOVA results also confirm the findings presented in figure 9, a and b. The 

results reveal that for performance, there is a significant difference between groups 

regarding team member departure (F value is 4.585 at 0.05 significant level). The same 

results also are present for change in TMS: for change in TMS, there is a significant 

difference between groups regarding team member departure (F value is 12.591 at 0.01 

significant levels) (see Table 8). 
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Table 8. ANOVA Results 

Dependent 

Variable(s) 

Independent 

Variable(s) 

SS F Value Significance 

Change in 

Performance 

CIT 0.229 0.788 0.38 

DEP 1.334 4.585 0.039 

CITxDEP 0.000 0.003 0.95 

Change in TMS CIT 0.316 3.527 0.06 

DEP 1.129 12.591 0.001 

CITxDEP 0.123 1.374 0.24 

 

Sobel’s Test for Mediation 

Mediation effect has been tested through Baron & Kenny’s (1986) test. Their paper 

states that mediation can be tested in four steps through consequent regression analysis: 

a) regression between independent variable and dependent variable; b) regression 

between independent variable and mediator; c) regression between mediator and 

dependent variable while controlling for the independent variable; and finally d) 

regression between independent variable and dependent variable while controlling 

mediating variable (Baron et al. 1986). The results of these analyses must show that the 

dependent variables should be significantly affected by their associated dependent 

variables in cases a, b, and c, above. The next requirement for an appropriate mediation 

effect is that the results of the regression between the independent variable and the 

dependent variable while controlling the mediating variable should be non-significant. As 

table 9 represents, these requirements have been satisfied, and change in TMS 

significantly mediates the relationship between team member departure and the change in 

performance. To summarize, TMS mediation exists according to the Baron and Kenny 

(1986) and Sobel test (1982). 
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Table 9. Three Regression Results suggested by (Sobel 1982), and (Baron et al. 1986) 

IV DV Control Model B Std.Err. Beta t-value Sign. 

DEP PERF None Cons 0.192 0.119  1.615 0.115 

IV -0.365 0.168 -0.333 -2.176 0.036 

DEP TMS None Cons 0.074 0.069  1.058 0.297 

IV -0.336 0.098 -0.485 -3.420 0.02 

IV DV Control Model Mean Square F-Value Sign. 

 

TMS 

 

PERF 

 

DEP 

Intercept 0.031 0.048 0.897 

TMS 0.326 3.545 0.229 

DEP 0.195 2.119 0.279 

TMS*DEP 0.092 0.864 0.476 

 

DEP 

 

PERF 

 

TMS 

Intercept 0.031 0.096 0.759 

TMS 0.195 2.119 0.279 

DEP 0.326 3.545 0.229 

TMS*DEP 0.092 0.864 0.476 

 

 

Table 10 shows the hypotheses tested in this study and their status regarding whether 

they are supported or not. 

 

Table 10. Summary of hypotheses and their status 

Hypotheses Supported? 

H1a: Member departure leads to reduced team performance. Partial support 

H1b: Member departure leads to reduced transactive memory strength 

through its factors (specialization, credibility, coordination). 

Yes 

H2: When facing member departure with greater CIT functionality, team 

performance is reduced less than when facing member departure with less 

CIT functionality. 

No 

H3: TMS mediates the relationship between member departure and team 

performance. 

Yes 

 

Results of Manipulation Check and Control Variables 

The experiment results showed no significant change depending on demographic 

characteristics or prior experience with CIT and drawing tools. Moreover, I used controls 
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for task complexity, CIT usefulness, and motivation that showed no significant change 

among groups. 

The manipulations of departure and CIT functionality level provided significant 

correlations with the treatments.  To test statistically, I randomly selected 20 samples and 

ran regression analysis. The correlation between departure and the aggregated post 

experiment survey value was 0.41 with 0.05 confidence level. For CIT, correlation was 

0.55 at the 0.01 confidence level. 

ADDITIONAL INSIGHTS 

TMS development includes several psychological processes such as communication, 

learning who knows what, and storing and retrieving of the addressed knowledge 

(Hollingshead 1998a). Transactive knowledge, which is the directory knowledge a 

member has about other members, develops over time (Nevo et al. 2005). Experimental 

results suggested that CIT functionalities can substitute for the failing components of 

transactive knowledge of. In figure 9, I observed that the decrease in TMS strength is less 

in groups that use CIT functionalities. Since CIT functionalities were provided to human 

subject exogenously, the most likely reason for this relationship is that CIT 

functionalities acted as a substitute for TMS components. For example, the groups with 

CIT had a web space and a workflow management tool with storage and peer rating 

capabilities. After departure, these capabilities not only helped to store the tasks 

completed by the departed member but also substituted for the retrieval of the addressed 

knowledge (Hollingshead 1998b). 
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CIT functionalities can also enhance communication in addition to the retrieval 

processes. Hollingshead (1998a) suggests that communication can have an important 

effect on the manner in which knowledge is learned and recalled. In my experiment, the 

groups with CIT functionalities had less departure-induced decrease in TMS strength. 

Groups with CIT also recovered quicker when communication enhancing functionalities 

(synchronousness and richness) were provided. During post-experiment discussions, 

groups with departure treatment reported that the biggest hassle was task reallocation. In 

addition to retrieval capabilities, faster and richer communication made the task 

reallocation process easier after departure. In summary, storage, retrieval and 

communication capabilities substituted the failing components of TMS after departure. 

I extended my results to explore CITxTMS interaction to investigate CIT as a 

moderator for TMS-PERF relationship rather than DEP-PERF relationship. CIT 

moderation on DEP-PERF relationship indicates that CIT can substitute for failing TMS 

processes of storage, communication and retrieval. 

The following results are exploratory. This section is not aimed at proving or testing 

any theory. Moreover, the results did not suggest any CITxTMS interaction therefore 

there is not enough statistical evidence (via PLS method) associated to CIT moderation 

on TMS-PERF relationship. 

Figure 10 represents a modified conceptualization of the model that is theorized in the 

previous chapters to incorporate CITxTMS interaction. The relationships between latent 

variables were calculated with path coefficients. In this model, β represents the path 

coefficients while the variances explained by the model are denoted by R
2
. 
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CHAPTER 5. COMPUTER SIMULATION 

In this section, I examine the role of collaborative information technologies (CITs) on 

team performance using agent-based computational modeling techniques. I used 

simulation because the number of cases, and as a consequence subjects, that would be 

required to conduct human experiments with different CIT functionalities would increase 

exponentially with each new functionality. For example, if I were to I run laboratory 

experiments for four CIT functionalities (synchronousness, richness, storage, and 

workflow management), five team sizes, departing at three different times (rounds two, 

three, and four), with ten data points for each treatment set would require 5120 teams 

with 33,280 subjects (see chapter 6 for calculation.) This simple calculation does not 

even consider other factors, such as different project durations and data loss due to 

uncooperative subjects. Besides its economical aspect, simulation has benefits in theory 

refinement (McGrath et al. 2000). I revisited the theory in the first chapter after observing 

simulation results and running sensitivity analyses on each variable. 

I developed a computational behavioral model using NetLogo to examine the role of 

collaborative information technologies in a dynamic team environment. The dynamism in 

this research comes from an interesting phenomenon: departure. 

The simulation model is an exact replica of the analytical model presented in the first 

chapter and its empirical validation in the second chapter. The setup includes a project 

where team members work with three different skills (red, blue, yellow) similar to the 

experiment’s (circular, rectangular, triangular) shapes. However, in this setting, I was not 

limited by the subject pool size so I tested CIT’s role for different team sizes. 
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BENEFITS OF SIMULATION 

Studying the departure phenomenon poses methodological challenges for practical 

and ethical reasons. Practically, it is not possible to observe departure in the lifetime of 

all projects. In practice, many projects finalize with no departure, and this complicates the 

implementation of a longitudinal method. Use of secondary data is an option, but the 

elapsed time combined with the destructive impact of departure may alter many 

antecedents of TMS such as the data regarding credibility and coordination. Ethically, 

forcing departure during a laboratory experiment proved to be inappropriate when 

subjects were students working for a class grade or monetary compensation. 

Computer simulation is an especially useful tool for analyzing departure since 

observation of departure is not always possible in real life projects. Moreover, 

computational modeling can allow observation of long-lasting team projects that would 

otherwise require a large subject pool (Ren et al. 2006). 

Small group research benefits from simulation and computational models in 

developing and testing theories (McGrath et al. 2000). Simulations can generate data at 

massive sizes that cannot be accomplished by empirical studies. Therefore, they can 

improve theory and give insight to laboratory experiments. 

Prior to my study, Krackhardt and Carley (1998) developed the precedence, 

capabilities, assignment, networks, needs, and substitutes (PCANNS) model, which 

proposed the use of five different relations to map individuals, tasks and resources. I used 

assignment and skill relationships from the PCANNS model to determine agents’ 

parameters. A recent paper developed an organizational memory (ORGMEM) simulation 
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by using the PCANNS model with transactive memory (TM) to understand the 

contingent effects of transactive memory (Ren et al., 2006). Similarly, militaristic 

command and control simulations are used in TMS research (Ellis 2006). These examples 

indicate that agent-based models are useful and generally accepted tools for simulating 

interdependent teams and their TMS.  

TOOL 

Agent-based simulation is a very useful method in small group research (McGrath et 

al. 2000). After considering several options, I chose NetLogo (Wilensky 1999) as the 

simulation environment because it is particularly well suited for modeling complex 

systems that develop over time. In addition, the NetLogo environment made it possible to 

model independent agents (team members) with instructions and specific behaviors.  

More importantly, TMS is a team-level measure, which is a macro-level pattern in 

simulation. The NetLogo environment offered the opportunity to explore the connection 

between TMS and agents’ micro-level behaviors, as well as the CIT functionalities they 

would use. 

To run NetLogo, I used a desktop computer with relatively high configuration: Intel 

Quad Core CPU at 2.8 GHz with 16 GB RAM, with a 1GB graphic card. However, I am 

confident that the simulation can run at much lower configurations. 

NetLogo 

NetLogo is a programmable modeling environment for simulating natural and social 

phenomena. It was authored by Uri Wilensky in 1999 and has been in continuous 



 67 

development ever since at the Center for Connected Learning and Computer-Based 

Modeling (Wilensky 1999). Since then, it has been used by several researchers for agent-

based modeling in management (Odehnalova et al. 2009; Wang et al. 2008; Zhu et al. 

2008) and published in venues such as the Academy of Management (Robertson 2005). 

NetLogo is written in Java and Scala and runs on the java virtual machine (JVM). At 

its core is a hybrid interpreter/compiler that partially compiles user code to JVM 

bytecode. The NetLogo environment enables exploration of emergent phenomena such as 

departure. Moreover, independent agents and micro-relationships among those agents can 

be organized with NetLogo to enable analysis of macro-level patterns such as TMS. 

CHARACTERISTICS AND METHOD 

I developed a multi-agent simulation of a project to observe TMS development and 

project performance over time similar to the experimental tasks (see figure 3 in the 

previous chapter). The program was object-oriented, with three to ten team members 

(objects), and allowed several parameters to be manipulated, including CIT types, 

departure time, and team size. Factors of the TMS and performance were measured 

continuously during the project’s lifetime. There was an exogenous departure effect 

during the project’s lifetime, and its effect will be examined for each group.  

Agents 

Agents had three different skills that were represented as the colors red, yellow and 

blue. These skills were used to complete tasks that require single skills, or these skills 

could be combined to complete more complex tasks such as those represented by orange 



 68 

and green. For example, the orange task could be completed via a combination of the red 

and yellow tasks, and similarly, the green task is a combination of yellow and blue. 

Working on a task or collaborating with others affected team specialization. Agents’ 

credibility depended on the quality of their completed tasks and on successfully working 

together with another team member. Coordination was determined by the effectiveness of 

joint work and the amount of backtracking during tasks. 

Each agent had a corresponding array that included its skill and effort to calculate the 

analytical model of work done I developed in the theory section. This array also included 

other parameters, such as TM antecedents, that were aggregated to create a team-level 

parameter. 

In the simulation, one project member departed at a predetermined time that could be 

changed using an adjustable slider that allowed the effects of the change to be observed 

in real time. Several departure times were tested in the BehavioralSpace. 

BehavioralSpace is a tool provided by NetLogo developers that can test any range of 

parameters and their combinations. Moreover, I could alter the use of various types of 

collaborative information technologies (asynchronous CIT, rich media CIT, repository 

CIT, and workflow management CIT) by using on/off switches. Each CIT functionality’s 

separate effects on team actions could be tested by increasing communication, repository 

and workflow management. 

In short, the simulation was an exact replica of the experiment setting in which 

subjects (agents in the simulation) worked towards a common project completion goal. 
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Algorithm 

The simulation has two separate modules: setup and run. Setup creates a Gantt chart 

as tasks are represented on the y-axis and progress on the x-axis. Then, it positions team 

members (mobile agents) on the leftmost side to start the run (figure 11). 

 

Figure 11. Setup screenshot from the simulation 

The Gantt chart on the lower left side consists of three main (red, yellow, and blue) 

and two interdependent (orange, and green) tasks. The colors represent tasks similar to 

the experiment’s circular, rectangular and triangular tasks. Some tasks, such as drawing a 

house, required triangles and rectangles, represented in the simulation by an 

interdependent (i.e orange) portion. 
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The NetLogo code procedure associated with the setup is as follows: 

globals [ 

  team-specialization  

  team-credibility  

  team-coordination 

] 

 

turtles-own [ 

  skill  

  skill-level  

  belief  

  coordination  

  partner 

  departing 

] 

 

to setup 

  clear-all 

  random-seed 2 ;; I used a seed (random) for the replicability of the 

experiment 

  ask patches [setup-project] 

  setup-team 

  do-plot1 

  do-plot2 

end 

 

to setup-project 

  if ( pycor > (max-pycor / 2) ) [ set pcolor red ] 

  if ( pycor <= (max-pycor / 2) ) and ( pycor > (max-pycor / 4) ) [ set 

pcolor orange ] 

  if ( pycor <= (max-pycor / 4) ) and ( pycor >= (min-pycor / 4) ) [ 

set pcolor yellow ] 

  if ( pycor < (min-pycor / 4) ) and ( pycor >= (min-pycor / 2) ) [ set 

pcolor green ] 

  if ( pycor < (min-pycor / 2) ) [ set pcolor blue ] 

end 

 

to setup-team 

  create-turtles team-size 

  ask turtles [ 

    set color black 

    set shape "person" 

    set skill random 3  ;; 0=red, 1=yellow, 2=blue 

    ask turtle 0 [set skill 0] ;; making sure there are at least 3 

different skills 

    ask turtle 1 [set skill 1] 

    ask turtle 2 [set skill 2]  

    if skill = 0 [setxy min-pxcor (max-pycor * 0.75)] 

    if skill = 1 [setxy min-pxcor 0] 

    if skill = 2 [setxy min-pxcor (min-pycor * 0.75)] 

  ] 

end 
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The flowchart for the algorithm on the previous page is as follows: 
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READ N: Team size 

READ T: Departure t 

READ CIT: CIT level 

PRINT: Gantt Chart 

STOP 
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- GET N: Team size 
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- ASSIGN TEAM MEMBER LOCATIONS ACCORDING TO 

THEIR SKILLS 

Figure 12. Setup flowchart 
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Run algorithm starts the movement of team members according to the collaboration 

rules that are manipulated with switches on the screen. Meanwhile, all team level 

parameters (specialization, credibility and coordination) are stored and displayed along 

with the performance: project completion or work done, consistent with the theory in 

chapter 1. The user can observe real-time changes and variations stemming from 

departure. 

Objects are independent in movement but interdependent in task completion. They 

move randomly forward or to each side to complete assigned tasks. Team members work 

together when there’s a complex task requiring two different skills. Working together 

increases the skills and credibility of each member. Moreover, successfully completed 

tasks increase the credibility of a team member. Specialization is measured by the 

diversity of skills. If everyone is highly specialized in one skill, team specialization 

becomes 100; otherwise, it is closer to 0. Coordination depends on frequency of 

interaction and working closely with other members. 

The simulation displays team size and finished task count on the left boxes. The 

remaining number of tasks is displayed on the right. Development of TMS factors and 

performance can be followed by two separate graphs. In addition, the progress of each 

team member can be visually observed on the Gantt chart that is created during setup 

(figure 13). 
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Figure 13. Run screenshot from the simulation 

 

Performance and TMS charts on the right side record real-time data of work done and 

aggregated specialization, credibility, and coordination levels consecutively. In figure 13, 

the departure impact—performance and TM strength reduction—is visually observable at 

t=180. One of the main reasons for this significant drop is the absence of a repository CIT 

that could store the work done by the departed team member. This case and all other 

combinations, 2400 in total, were tested on the BehavioralSpace. 
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The summary of the run code is as follows. 

to go 

  if ticks > 300 [stop] 

  if not any? patches [stop] 

  ask turtles [move] 

  ask turtles [work-on-task] 

  if departure? [ depart ] 

  if cit-synch? [ use-citsynch ] 

  if cit-rich? [ use-citrich ] 

  if cit-repository? [ use-citrep ] 

  if cit-wmt? [ use-citwmt ] 

  tick 

  tms   

  do-plot1 

  do-plot2 

end 

 

to move 

  set heading 90 

  let direction random 3 

    if direction = 0 [lt 90] 

    if direction = 1 [rt 90]     

  if skill = 0 [ 

    if [pcolor] of (patch-ahead 2) = red [fd 1] 

    if [pcolor] of (patch-ahead 2) = orange [fd 1] 

    if [pcolor] of (patch-ahead 2) = white [fd 1] 

  ] 

  if skill = 1 [ 

    if [pcolor] of (patch-ahead 2) = orange [fd 1] 

    if [pcolor] of (patch-ahead 2) = yellow [fd 1]  

    if [pcolor] of (patch-ahead 2) = green [fd 1]  

    if [pcolor] of (patch-ahead 2) = white [fd 1] 

  ] 

  if skill = 2 [ 

    if [pcolor] of (patch-ahead 2) = green [fd 1] 

    if [pcolor] of (patch-ahead 2) = blue [fd 1]  

    if [pcolor] of (patch-ahead 2) = white [fd 1] 

  ] 

end 

 

…continued on the next page 
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to work-on-task   

  ;; working on task 

  if skill = 0 [ 

    if pcolor = red [ask neighbors [set pcolor white] set pcolor white] 

    if pcolor = orange [ask neighbors [set pcolor yellow] set pcolor 

yellow] 

  ] 

  if skill = 1 [ 

    if pcolor = orange [ask neighbors [set pcolor red] set pcolor red] 

    if pcolor = yellow [ask neighbors [set pcolor white] set pcolor  

white] 

    if pcolor = green [ask neighbors [set pcolor blue] set pcolor blue] 

  ] 

  if skill = 2 [ 

    if pcolor = green [ask neighbors [set pcolor yellow] set pcolor 

yellow]     

    if pcolor = blue [ask neighbors [set pcolor white] set pcolor 

white]     

  ] 

end 

 

to depart 

  if ticks = departure-time + 2 [ 

    ask one-of turtles [die] 

    ask patches [ emerge ] 

  ] 

end 
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The algorithm associated with the code above is as follows: 
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Figure 14. Run flowchart 
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Transactive Memory 

The TMS strength of the team is an aggregate measure determined by specialization, 

credibility, and coordination (Lewis 2003.) Therefore, I followed the same procedure to 

compute TMS strength level. 

Specialization, defined as the differentiated structure of team members’ knowledge, 

was computed as the variance in skills of a team. 

 

01 (2) =  	 	 /��(��� − 4)� 
�

���

�

���
 

(44) 

In the above equation, ��� is the skill of the team member i on task j. µ is the average 

of average specialization (���). And, /�� is the probability of a team member i's work on 

task j. 

In the specialization subroutine, through equation 44, skill had a direct impact on the 

aggregate specialization. As agents cleaned patches (worked on tasks) their expertise and 

thus efficiencies increased. Working on a task and working closely with another member 

both increased skills of agents. On the other hand, to have a balancing function, staying 

idle or working on the wrong task decreased the skill of an agent. 

Credibility is an aggregation of members’ beliefs about the reliability of other 

members’ capabilities. Credibility is defined by ��� which is the skill of the team member 

i on task j and an error term 7��) that is unobserved by researchers and that reflects the 

variance in beliefs. 

 6��) = ��� + 7��) (45) 
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In the credibility subroutine, aggregate credibility had an impact on jump-backs that 

represent double-checks (Lewis 2003) and increased the effectiveness of working on 

interdependent tasks (such as the orange task). Credibility of team members was changed 

by working together, by increasing skill, and through a random component that represents 

the error term (equation 45.) 

Coordination is the orchestrated processing of knowledge (Lewis 2003). I modeled 

coordination with the synergy component. 

 I�� = 	 ���(H)
�

��� + J� 	 ���(G)
�

��� 
(46) 

In the coordination subroutine, the coordination parameter affected how much the 

agents called others to collaborate. Moreover, the distance they could jump to coordinate 

work done was determined by this synergy factor. The coordination parameter was 

changed by working together via parameters of closeness and time spent. 

Validation 

The computational model presented in this chapter must be validated before data 

generation and testing. I calibrated this computational model using the data from the 

human experiments in the previous chapter. Ten randomly selected data points were 

paired with human experiment results for a t-test of each treatment. 

Table 11 shows that my computational model is consistent with the previous 

laboratory experiments.  
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Table 11. Paired t-test results for simulation validation 

 N df Difference t value P value 

TMS 40 39 0.092 14.340 <0.001 
Specialization 40 39 0.117 32.220 <0.001 

Credibility 40 39 0.079 3.280 0.002 
Coordination 40 39 0.102 2.115 0.041 

Performance 40 39 0.041 4.081 <0.001 

Note: The difference is equal to the computational simulation output mean minus the 

human experiment results mean. 

 

ANALYSIS AND RESULTS 

In order to analyze the computer simulation, I generated reports identical to the 

human experiments using BehavioralSpace in NetLogo. This similarity allowed me to 

make parallel analyses and run paired t-tests between experiment and simulation results 

for validation. I also normalized numerical results to have the same mean and standard 

deviation as the human experiment results. 

I used same hypotheses for the computational analysis: 

H1a: Member departure leads to reduced team performance. 

H1b: Member departure leads to reduced transactive memory strength through its 

factors (specialization, credibility, coordination). 

H2: When facing member departure with greater CIT functionality, team performance is 

reduced less than when facing member departure with less CIT functionality. 

H3: TMS mediates the relationship between member departure and team performance. 



 80 

As in prior analyses, I used SPSS version 17, Excel’s data analysis, and WarpPLS to 

analyze the data. PLS and WarpPLS allowed me to identify the linear and nonlinear 

relationships between the latent variables/constructs with their estimated path 

coefficients, as well as the regression between latent variables. Both PLS and WarpPLS 

appraise the theoretical model, the experiments, and the measurement model 

simultaneously (Chin et al. 2003).  

Table 12 reveals the bivariate correlations of the latent variables as well as the means 

and standard deviations, as represented in the last two rows. The significance levels of the 

relationships are 0.05 for (*) and 0.01 for (**).   

Table 12. Correlations, mean and standard deviation values 

 Departure Change in TMS Change in 

Performance 

CIT 

Departure (1)    

TMS -0.711** (1)   

Performance -0.610** 0.771** (1)  

CIT 0 0.395** 0.364* (1) 
Mean 0.500 -0.006 0.008 0.500 

Std. Dev. 0.506 0.183 0.227 0.506 

 
Notes: 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

-Std. Dev.: Standard Deviation. 

 

Table 12 shows that TMS is negatively correlated with departure at the 0.01 

significance level (β = -0.711). This supports my hypothesis that departure has a 

damaging impact on TMS strength. The change in performance is again significantly and 

positively correlated with change in TMS (β = 0.771; p < 0.01) and negatively correlated 
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Notes: 

DEP: Departure of team member(s) 

TMS: Change in Transactive Memory System 

Perf: Change in Team Performance 

CIT:  Collaborative Information Technologies 

*. Correlation is significant at the 0.1 level (2-tailed). 

**. Correlation is significant at the 0.05 level (2-tailed). 

***. Correlation is significant at the 0.01 level (2-tailed). 

 

The WarpPLS results show that the relationship between team member departure and 

TMS is negative and significant (β = -0.71) at the 0.01 level. The relationship between 

departure and the performance change is positive and also significant (β = 0.70)  at the 

0.01 level. The relationship between TMS and performance is positive (β = 0.28) and 

significant at the 0.05 level. However, my results indicate that the relationship between 

departure and performance is only significant at the 0.1 level with a p-value of 0.07. CIT 

acts as a moderator on the relationship between TMS and performance. On the other 

hand, the variance explained for the change in TMS is 0.51 and for the change in 

performance is 0.87. 

Following the same method used to analyze the human experiment, I conducted 

ANOVA to examine the difference in means. Figure 16, a and b, summarizes the effects 

of departure and use of CIT on change in TMS and change in performance in six different 

seeds. The figure supports my first and second hypotheses that when there is a departure 

from a team, it has a negative impact on both TMS and performance. The use of CIT 

functionalities has a compensating effect. 
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(a) 

 
(b) 

Figure 16. a, b. Performance and TMS values 

 

The decrease in performance due to departure obtained from the simulation 

performance array just before and after the departure occurred. The performance drop is 

also visible on NetLogo plots. (figure 17) 

 
Figure 17. Departure impact on simulation plots 

DEPARTURE 

DEPARTURE 
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TMS strength, as an aggregation of specialization, credibility, and coordination, is 

also visibly affected by departure, as shown in Figure 17. 

The ANOVA results also confirm the findings presented in figures 16 and 17. The 

results reveal that for performance, there is a significant interaction effect between groups 

regarding team member departure and CIT level (F value is 4.863 at 0.05 significant 

level; see table 13). 

Table 13. ANOVA Results for Performance 

Dependent 

Variable(s) 

Independent 

Variable(s) 

SS F Value Significance 

Change in 

Performance 

CIT 0.266 133.707 <0.001 

DEP 1.667 836.427 <0.001 

CITxDEP 0.009 4.863 0.034 

 

 

The same results also are present for change in TMS: for change in TMS, there is a 

significant interaction effect between groups regarding team member departure and CIT 

level (F value is 5.361 at 0.05 significant levels; see table 14). 

 

Table 14. ANOVA Results for TMS 

Dependent 

Variable(s) 

Independent 

Variable(s) 

SS F Value Significance 

Change in TMS CIT 0.205 19.059 0.001 

DEP 0.663 61.674 <0.001 

CITxDEP 0.058 5.361 0.026 
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Tests for CIT moderation and TMS mediation were also implemented (Baron et al. 

1986). The results of these analyses showed that the TMS variable is a mediator between 

departure and team performance (see appendix C). 

Table 15 shows the hypotheses tested in this study and their status regarding whether 

they are supported or not. 

Table 15. Summary of hypotheses and their status 

Hypotheses Supported? 

H1a: Member departure leads to reduced team performance. Yes 

H1b: Member departure leads to reduced transactive memory strength 

through its factors (specialization, credibility, coordination). 

Yes 

H2: When facing member departure with greater CIT functionality, team 

performance is reduced less than when facing member departure with less 

CIT functionality. 

Yes 

H3: TMS mediates the relationship between member departure and team 

performance. 

Yes 

ADDITIONAL INSIGHTS 

Similar to the experiment section, I expanded my results to explore CITxTMS 

interaction to investigate if CIT is a moderator for the TMS-PERF relationship. 

Moreover, I explored team-size effects. Like the additional insights obtained from the 

experiment, the following insights are also exploratory since I did not aim to prove or to 

test a theory. 

CIT as a moderator on TMS-PERF relationship 

Figure 18 represents a modified model in which the CITxTMS interaction explored. 

In this modified model, just as in the experiment’s additional analyses, β represents the 

path coefficients while the variances explained by the model are denoted by R
2
. 
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Team-size effects 

The size of a team can affect TMS because who knows what may not be obvious in a 

bigger team. In large teams, members may not know each other well, or the degree of all 

others’ expertise (Akgun et al. 2005), but in large teams CIT utilization can help more 

than the small ones because storing information in a computer is generally more reliable 

than storing it in the human mind. This research does not assert a theory on team-size 

effects but explores the simulation data to identify if there are any effects associated with 

the number of persons in a team. 

The role of CIT can be seen in figures 16 and 17 as a function of the change in TMS 

and team performance levels. In figure 19, I report the change in TMS strength as the 

team size ranges from three to ten. 

 

Figure 19. Change in TMS for different team sizes3 

                                                 
3 Change in TMS strength is measured by the difference between the third period TMS strength and the 

fourth period TMS strength. 
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A similarly figure 20 illustrates the effect of team size on team performance. 

 

Figure 20. Change in performance for different team sizes4 

 

According to figures 19 and 20, large team size can be both a blessing and a curse. 

The skills of many people may be needed to complete a project. However, the alleviating 

effect of CIT decreases with the size of the group. As the team size increases the gap 

between the teams with and without CIT functionalities decreases. One interesting 

finding is that TMS levels out beyond teams with more than seven members. This 

interesting finding provides an opportunity for further research regarding the effect of 

team size on TMS and team performance. 

                                                                                                                                                 
 
4 Change in performance is measured by the difference between the third period performance and the 

fourth period performance. 
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CHAPTER 6. INTEGRATION OF RESULTS 

The objective of this chapter is to integrate the results and discuss the expanded 

theory. The results need to be integrated since I employed three different research 

methods to triangulate the same research question: “Can collaborative information 

technologies (CIT) alleviate negative effects of departure?” I used three methods because 

each method had its own strengths and weaknesses; therefore each method 

complemented the limitations of the other two. 

I used a mathematical model to describe an idealized relationship among constructs in 

the form of propositions with analytical proofs. Although mathematical models are quite 

powerful in demonstrating the first-order effects of the relationships among constructs, 

they need to be validated empirically before being generalized. I designed an experiment 

in order to examine if the assumptions I made in the model are valid and the model’s 

boundary conditions are appropriate for further development. Human experiments 

validated the propositions put forth in the model and provided insight about the 

complexities that might occur in a controlled testing environment. In short, I incorporated 

the human element into my research. However, human subjects were limited in testing 

large groups and different CIT functionalities such as storage, synchronousness, richness, 

and workflow management. 

Testing all combinations of team sizes and CIT functionalities was not practically 

possible with human subjects. Testing for four CIT functionalities, seven team sizes, 

departing at three different times, with ten data points for each treatment set would 

require 5120 teams as presented in table 16. 



 90 

Table 16. Calculation of case combinations 

Parameter Tested Cases N=Combination Range 

CIT 

functionalities 

Synchronousness 

Richness 

Storage 

Workflow management 

2
4
=16 (each functionality 

has 2 levels) 

0-1 

Team size Three to Ten 8 3-10 

Departure 

round (time) 

two (t=120) 

three (t=180) 

four (t=240) 

4 (including no departure 

case) 

120-240 

 

The required number of teams was calculated by multiplying total combination of 

cases needed (the numbers under the combination column) by ten data points for each 

treatment. The number of subjects required for three-member teams is 1920 (16 x 4 x 10 

x 3) moreover the subject requirement increases as the size of the tested team rise. Total 

human subjects required for an experiment comparable to my computer simulation was 

33,280. The calculation above does not consider additional factors, such as different 

project durations and data loss due to uncooperative subjects. Consequently, running an 

equivalent study in an experimental setting is not practical. 

The following tables 16 and 17 present descriptive statistics for the drop in TMS level 

and CIT after departure for different team sizes. 

Table 17. Descriptive statistics for TMS for different team sizes 

TMS Team Size 

3 4 5 6 7 8 9 10 

Mean 0.334 0.257 0.188 0.140 0.111 0.096 0.100 0.092 

Standard 

Deviation 
0.078 0.042 0.024 0.011 0.027 0.015 0.013 0.022 

 

  



 91 

Table 18. Descriptive statistics for CIT for different team sizes 

CIT Team Size 

3 4 5 6 7 8 9 10 

Mean 0.330 0.245 0.185 0.148 0.117 0.104 0.100 0.096 

Standard 

Deviation 
0.083 0.035 0.024 0.013 0.012 0.011 0.015 0.018 

 

The computer simulation also incorporated data obtained during human experiments 

and its results are validated before getting any output. The use of real experimental data 

and its validation increased the breadth of generalization of my computational model. In 

addition, the predictive capacity of simulation is also strengthened through this method. 

Simulation also provided insight for the analytical model via sensitivity analyses.  

Finally, a comparison of three methods and their results are presented in the following 

table. 

Table 19. Comparison of three methods’ results 

Propositions / Hypotheses Analytical 

Model 

Human 

Experiment 

Computer 

Simulation 

Member departure leads to 

reduced team performance. 

Proposition 1a 

proven 

Hypothesis 1a has 

partial support 

Hypothesis 1a 

supported 

Member departure leads to 

reduced transactive memory 

strength through its factors 

(specialization, credibility, 

coordination). 

Proposition 1b 

proven 

Hypothesis 1b 

supported 

Hypothesis 1b 

supported 

When facing member departure 

with greater CIT functionality, 

the team performance is reduced 

less than when facing member 

departure with less CIT 

functionality. 

Proposition 2 

proven 

Hypothesis 2 has no 

statistical support 

Hypothesis 2 

supported 

TMS mediates the relationship 

between member departure and 

team performance. 

Proposition 3 

proven 

Hypothesis 3 

supported 

Hypothesis 3 

supported 
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CHAPTER 7. LIMITATIONS AND FUTURE RESEARCH 

LIMITATIONS 

This research has several limitations due to the nature of the separate methods used to 

triangulate the research question. First, the analytical model has assumptions which cause 

the first layer of limitations in the baseline model. Second, my human experiments have 

weaknesses related to the design methodology and physical limitations. Finally, I 

developed a computer simulation to reduce the limitations caused by the former two 

methods; nevertheless the simulation method has its own limitations. The following 

chapter elaborates on these limitations and provides a discussion of generalizability. 

All mathematical models have an inherent flaw: they are considered novel at their 

simplest form (Ellis 2006). As a result, they fail to examine second-order effects (effects 

that are not captured by modeling constructs and assumptions) although they are quite 

powerful in demonstrating the first-order effects of the relationships among constructs. 

The assumption of collaborative behavior is another limitation in this study. In my 

analytical model, I assumed that team members work towards a common goal but this is 

not always true. Occasionally, agency problems occur in teams when members have 

different agendas and there are informational asymmetries. Relaxation of the assumption 

of collaborative behavior requires a game-theoretical approach to the model development 

and offers fruitful future research directions. 

In this dissertation, I also focused only on the departure of a team member as a part of 

turnover phenomena. Arrival of a newcomer would complete a theory of turnover for 
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small groups. This research is limited to the departure and should not be generalized to 

the entire turnover phenomenon. 

In my experiments, I chose the most economical group size possible with departure: 

three. In addition to small team-size, I designed tasks that could be completed in a 

relatively short time (two hour experiment duration) as opposed to a real project that 

could last months. Therefore, my findings should be tested with larger team sizes, and for 

longer project durations for a thorough examination of the departure phenomena. The 

experimental sample also had limitations. All of my human experiment subjects were 

undergraduates at a southwestern public university, therefore the results should be given 

careful consideration before being generalized to the real-life project teams. 

The independent variable, departure, is forced in the experiment. Forced departure is 

different than voluntary leave, departure due to task completion, or departure upon 

agreement. The results must be considered only in light of the departure definition and 

forced operationalization as stated above. 

CIT, the most important construct in this research, had only two levels (1 and 0) 

where all functionalities are provided or not provided, respectively. Testing for 

intermediate CIT levels or testing different CIT functionalities could increase the 

required number of subjects exponentially. Therefore, researchers should be cautious 

before generalizing my experiment results to all combinations of CIT functionalities. 

TMS, which is the mediator, is measured as a latent variable with the questionnaire 

designed and validated by Lewis (2003). I applied structural equation modeling (SEM) to 



 94 

confirm my model but sample size is the biggest limitation of SEM analysis. I overcame 

this issue by expanding my data set with a computer simulation. 

The dependent variable, team performance, did not capture the performance 

evaluation of every stakeholder in the experiment. I ignored self-reported measures and 

relied on two referee evaluations. Although these referees had high inter-rater reliability 

(0.78,) utilizing 360 degree performance evaluation including peer and self evaluations 

could provide a more objective measure. However, this performance measure was 

consistent with the team performance literature (Ancona et al. 1992; Wittenbaum et al. 

2004). 

A computer simulation is used to eliminate most of the aforementioned limitations. 

However, simulations provide average results even with stochasticity, and they do not 

consider outliers unless they are programmed specifically for outlier behaviors. The first 

limitation, excluding outliers, is a result of the simulation property above. 

I started with a simple computational model and then extended it by including TMS 

indicators. Therefore, the model captures most relevant aspects of TM such as subjective 

beliefs and task specialization but TMS is a tacit process and could be observed with 

other latent variables. However, TMS concept in this simulation is limited to the 

indicators offered by Lewis (2003). 

When the analytical model is extended to include the time factor and individual agent 

behaviors it becomes analytically intractable. Therefore, the simulation results are robust 

only to the extent of empirical validation. 
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I simulated only flat team structures, in which all members are at the same level, with 

no leader emergence. However, even in two-hour experiments I observed leader 

emergence in subject teams. There are also no historical relationships among simulation 

agents, which is a very rare case in real project teams. Relaxing these assumptions 

gradually and examining their impacts provides fruitful future research directions. 

FUTURE RESEARCH 

Extending the baseline model to explore interesting questions including project scope 

change, team size and project duration is an immediate future research opportunity. I also 

plan to include conflicts of interests among the team members and develop a game 

theoretical model. If the game theoretical model provides results conflicting with my 

collaborative model’s findings, this would be a second layer of explanation on why prior 

information systems literature found conflicting results on CIT – performance 

relationship in their research. In addition, new theoretical models could be developed by 

modeling CIT as a substitute to TMS components. 

My experimental findings could be tested using larger-sized teams for durations 

longer than two hours. Moreover, tasks should be more complex so that the alleviating 

role of CITs could be amplified. 

CIT functionalities were given as a binary variable in my research testing extreme 

states. In other words, all CIT functionalities were either provided or not provided. 

Testing individual CIT functionalities’ impact is another future research opportunity. 
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Projects typically last more than two hours. Nonetheless, I had to use the limited time 

available during my experiment. Observing project groups for longer periods could 

provide additional insight to TMS development. Project duration, as an independent 

variable can pose an interesting research question. Therefore, I plan to investigate 

different project durations. 

This simulation is designed to test the analytical model and to expand on the human 

experiment’s results. Therefore, it is bounded by the analytical model’s propositions. 

However, it can be extended to test different relationships including the replication of 

previous human resources (HR) research that treats departure as a dependent variable. I 

will investigate collaboration with HR researchers as the next step in future research. 

Extending this research to include interdependent tasks, teams with leaders, and 

disturbing team members would provide another research opportunity with further 

implications for theories both in transactive memory and information systems fields. 
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CHAPTER 8. IMPLICATIONS TO THEORY AND PRACTICE 

The objective of this chapter is to present the theoretical and practical implications of 

this dissertation. Theoretically, two key results are derived for teamwork along with the 

hypotheses in the analytical model. First, I proposed and proved that CIT functionalities 

can be a substitute for transactive memory system components in a team. Second, I 

showed that the direct impact of CIT can be either positive or negative on team 

performance when dynamic factors, such as departure, are not considered. More 

importantly, the analytical model’s first proposition provides a baseline model that can be 

expanded to any dynamic phenomena affecting team performance. For example, the 

baseline model can be restructured to study project scope change with no difficulty by 

modifying tasks instead of the number of team members as I did in this research. My 

findings in this research provide teams and their leaders guidelines for defining the value 

of CIT use before starting projects and investing in CITs. The following sections 

elaborate on the implications of this research on theory and practice. 

THEORETICAL IMPLICATIONS 

Future efforts to understand the role of collaborative information technologies (CITs) 

should benefit both transactive memory (TM) and information systems (IS) literature. 

The researchers interested in these fields should consider the role of CIT along with its 

interaction with dynamic events such as departure. This study suggests that CIT 

functionalities alleviate the negative impacts of the departure of a team member. 
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Research to date has shown the impact of CIT on performance measures 

(Brynjolfsson 1996; Easley et al. 2003; Pavlou et al. 2007) yet others continue to question 

this relationship (Aral et al. 2006; Dewett et al. 2001; Sambamurthy et al. 2003). My 

results provide analytical explanation and empirical validation for the reason behind these 

conflicting arguments. If researchers continue to treat CIT as an explanatory independent 

variable for team performance, some will find positive correlation with statistical support 

while others will find conflicting results for the same relationship. The solution is to 

understand the nature of the technology and team processes such as transactive memory 

development. 

Information systems field can also benefit from the CIT conceptualization (integrated 

set of information processing functions that facilitate knowledge sharing and integration 

among interconnected entities) because a clear definition of collaborative technologies 

helps to develop and to elaborate on the role of each functionality. Clearly defined CIT 

functionalities are helpful to design a technological environment for empirical research. 

Researchers could match these functionalities for tasks when they design a study or test a 

sophisticated group of collaboration tools. When functionalities are divided into 

synchronousness, richness, storage, and workflow management it expands on the 

limitations of prior research that used a limited technological environment. 

TMS literature can benefit from the additional insights provided by the TMSxCIT 

interaction. In this dissertation, after each empirical analysis, additional TMSxCIT 

interaction analyses are presented. Unfortunately, the interaction was not statistically 

supported, but these analyses provide a path for future TMS researchers. 
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This study not only validates prior research that argues TMS strength has an impact 

on team performance, but it also provides a theoretical model based on the indicators of 

TMS with analytical proofs. Researchers interested in behavioral modeling of TMS can 

use my baseline model to test any dynamic phenomena with team performance as the 

dependent variable. 

IMPLICATIONS FOR PRACTICE 

Using my simulation, team members and their leaders can define the value of CIT 

functionalities before starting projects. My simulation can be designed in a modular 

fashion, and it can incorporate different Gantt charts. A team leader can run the 

simulation for an appropriate team size and duration. CIT functionalities are costly to 

acquire and learn. For example, an email can be available to anyone but an unlimited web 

space or a versioning system costs both in time and money. My simulation can run 

several thousand scenarios in seconds providing sensitivity analyses to decide on the best 

CIT functionalities combination before designing a project. 

Investing in collaborative information technologies becomes easier for managers as 

they can see the benefits of CIT more clearly not only in static environments but also in 

the context of dynamic events such as departure. Managers may choose not to invest in 

CIT if its value is less than the estimated cost although we argue that CIT alleviates 

negative effects of departure. 

In practice, dynamic events such as departure or project scope change are not usually 

a part of the bigger plan. Dynamic events are not discussed in startup meetings, and they 
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are treated as crisis events. Ironically, these crisis events are the sources of most project 

failures. If managers can anticipate these dynamic events, they can eliminate the loss 

caused by failed projects due to unexpected dynamic events. To summarize, practical 

implications of this dissertation include the evaluation of CIT functionalities, CIT 

investment decisions, anticipation of dynamic events such as departure, understanding 

team processes in collaboration, and elimination of project failures due to unexpected 

dynamic events. 
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CHAPTER 9. CONCLUSION 

In this research, I showed that collaborative information technologies can play a 

significant role in teamwork. This study provides insight that contributes to the literature 

on both information technology and transactive memory systems. In addition to the field 

of information systems, human resources research can benefit from my theoretical model 

by considering departure not as a dependent variable, but as a treatment. My basic model 

can be modified to incorporate dynamisms other than departure such as project scope 

change, negotiation, and crisis situations. 

The absolute contribution of the model is to show that collaborative information 

technology (CIT) functionalities can help teams not only during routine tasks but also in a 

dynamic environment when unexpected events occur. Additionally, I investigated a 

specific dynamic environment in which a team member departed from the project. 

My theory and empirical results in this dissertation reinterpret the findings of two 

different streams in IS research that argue CIT has an impact on performance 

(Brynjolfsson 1996; Easley et al. 2003; Pavlou et al. 2007) and those question CIT-

performance relationship (Aral et al. 2006; Dewett et al. 2001; Sambamurthy et al. 2003). 

I showed that CIT impact is not intuitive (either positive or negative) when CIT is treated 

as an independent variable affecting team performance. However, under dynamic events, 

such as the departure of a team member, CIT clearly moderates the departure-

performance relationship and alleviates the negative impact of departure. The alleviation 

impact is not observed in the previous research because they were studying direct effects 

of technologies.  
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My simulation extends the limitations of a well-known TMS simulation by Ren et al. 

(2006) by incorporating a model that captures the aspects of TM such as subjective 

beliefs and task specialization. In addition, this simulation contributes to the practice by 

providing a theory-based tool. Team members and managers can use this simulation to 

forecast the value of CIT functionalities under different scenarios of departure time, team 

size, and project duration. 

The main purpose of this study was to investigate whether CIT alleviates the effects 

of departure. Departure’s effect on the TMS was theorized in order to understand CIT 

moderation. My results contribute to studies in collaborative information technologies 

(Easley et al., 2003; Majchrzak et al., 2000; Pavlou et al., 2007) by identifying the 

moderating effect of several types of collaborative tools such as e-mail, rich-media 

technologies, repository tools, and workflow management tools. Moreover, an exclusive 

study of the departure phenomenon will bring depth to the turnover concept (Arrow et al., 

2000; Levine et al., 2005; Powell et al., 2004) since departure and arrival of  newcomers 

are two separate processes in team or personnel turnover. In the past, they have been 

considered together, yet separating them has enabled a deeper analysis of the departure 

phenomenon alone. I leave newcomer effects for future research. 

In addition to the aforementioned theoretical implications, this study aids 

practitioners by evaluating CITs. For example, executives make decisions to invest 

thousands of dollars in collaborative technologies, as well as spending time implementing 

the use of CIT throughout their organizations. In general, returns on these investments are 

not explicitly understood. This study not only provides a prospectus for the benefit of 
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each of those technology types, but also addresses the fact that departure dynamism can 

be an important instance when CIT functionalities become useful. Managers may not be 

able to anticipate a departure, but they can at least anticipate its effects on project 

performance and reduce them by providing CIT functionalities that fit project tasks. In 

other words, information systems managers can put systems in place to alleviate effects 

of unexpected departures. In summary, I make this suggestion for the managers of 

information systems: "you can leave when the systems are in place." 
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APPENDIX A: Experiment package 

The full experiment package is available online at the website through the address: 

http://surveystation.austin.utexas.edu/TakeSurvey.aspx?SurveyID=98L3mm4. Following 

paper package is for with-CIT – with-Departure case and it may have format variation 

from the online package as it is copied from an HTML version. 

*** 

PAGE 1: Welcome Page 

WELCOME TO THE COLLABORATIVE INFORMATION TECHNOLOGIES 

EXPERIMENT 

This experiment is based on three-person teams working in collaboration to draw a 

picture. We are simply simulating a job environment where the members of a virtual 

team works collaboratively to complete a project. Therefore, there will be no face to face 

talking to each other during the experiment. All communication will be virtual. 

Participants (You) will be using computers during the experiment to draw and share 

assigned tasks and chat over a messenger and draw shapes. 

DURATION: 

The experiment usually lasts much less than 2 hours depending on the speed of the team 

members. 

- There are five 15-minute rounds and a short 5-10 minute pre-experimental training). 

- However, even one slow team member can extend it close to two hours. 

Now, please fill the 7-question pre-experimental survey on the next page  
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*** 

PAGE 2: Pre-Experimental Survey 

1. Please enter your UT EID* 

2. What is your gender?  Male Female   

3. What is your age?  

4. What is the highest level of education you have completed? 

Please select ""High School" if you have not graduated from a college  

High School/GED     

2-Year College Degree (Associates)     

4-Year College Degree (BA, BS)     

Master's Degree     

Other, please specify 

5. What is your prior experience with drawing tools such as Microsoft paint or 

Photoshop? 

High - Used and feel comfortable using     

Medium -Sometimes used     

Low - Opened and tried     

Never used before     

6. What is your preferred method of communication information technology? 

Email     

Messenger     

Other, please specify 
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7. Do you use a web space (a storage space on the web)? 

Yes, Frequently     

Yes but not frequently     

No     

PLEASE WAIT PRINCIPAL INVESTIGATOR'S CONFIRMATION BEFORE 

GOING TO THE NEXT PAGE 

*** 

PAGE 3:Pre-Experiment Brief  

Thank you for participating in our research. The purpose of this study is to assess how 

collaborative information technologies enhance teamwork processes and the 

performance. We are interested in your use of collaborative technologies to complete a 

team project. We hope that this research will result in greater understanding of 

collaboration dynamics and factors affecting them.  

Procedure: 

This study simulates virtual teams which are commonly instituted in today’s 

businesses. Participation in this study involves collaboration of three-people groups 

towards completing a shape design project. There will be five rounds of tasks. You will 

need to fill a 9 question survey after each round. The questions we ask are all directed 

towards understanding the underlying cognitive processes.  

Your names are anonymous and coded as colors (Red, Yellow, and Blue) 

Training. READ VERY CAREFULLY!  
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Please PUT YOUR EARPHONES ON and click on the MS Paint training video link 

below 

Video training for MS PAINT 

In this experiment you will use Google Talk for all communication (without talking ) 

which should be online already. DO NOT USE YOUR OWN GOOGLE ACCOUNT to 

preserve anonymity. See the "important information" page on your desk. 

Open Google Talk and see if the other team members and the principal investigator is 

online. Feel free to say hi to them. 

You can also use the web space folder of your team. This folder is exclusively created 

to your team's storage and sharing needs. Feel free to use it as you like. 

The shortcut is located on the top left corner on the desktop. You can double click on 

it to open the folder. 

PLEASE WAIT PRINCIPAL INVESTIGATOR'S CONFIRMATION BEFORE 

GOING FURTHER, TO THE NEXT PAGE 

*** 

PAGE 4: Round 1: VIRTUAL KICKOFF MEETING (10 minutes)  

This round is a simulation of a kickoff meeting that is done before a project begins. 

During a kickoff meeting, team members get to know each other, determine project 

deliverables, identify responsibilities, and develop a project plan. No drawing yet, you 

will only allocate tasks in this round.  

READ VERY CAREFULLY! 
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Project deliverables are given at the list below to relieve some of your burden but you 

need to share them.  

Headings represent rounds, with each task in a row in the list below. Task means 

drawing a small shape such as a house, or combining small shapes such as combining sun 

and clouds to form sky. Choose one (and only one) task per round. One team member 

will not have time to be able to complete more than one task in one round. All tasks have 

similar easiness but require different drawing skills (such as drawing circles versus 

drawing triangles).  

There will be four more rounds after this round and they will be quite different since 

you will complete a task in each round. 

TASKS: 

ROUND 2: 

- HOUSE: Will require specialization to draw rectangles 

- CLOUD: Will require specialization to draw circles 

- TREE: Will require specialization to draw triangles 

ROUND 3:  

- BARN: Will require specialization to draw rectangles and a half circle 

- CAR: Will require specialization to draw rectangles and circles 

- SUN: Will require specialization to draw a circle and triangles 

ROUND 4: (Combine and paint.) 

- SKY: Clouds and Sun  

- FARM: House and Barn: 
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- BACKGROUND: Trees and Car 

ROUND 5 

- Designer: Combines sky, farm, background and makes necessary changes 

- Painter: Makes the final painting touches along with the designer 

- Editor: Select better parts, asks for revision, and saves the masterpiece 

FREQUENTLY ASKED QUESTIONS: 

I am confused. What are we doing now?  

- Share tasks on the list above. Use Google talk to communicate. Chat with your 

teammates! 

Are we sharing all of the tasks?  

- Yes, from round two to five 

Should I start drawing?  

- No, this round has no drawing 

Can I choose house and tree? (both in the second round)  

- No, one task for each round (they are both round 2 tasks) 

Both I and my teammate would like to draw a house. Can we?  

- No, choose different ones 

Can I choose house and sun?  

- Yes, but I suggest choosing tasks that need similar specializations 

I have another question!  

- Please ask your team members first, call principal investigator as a last resort 
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If you shared ALL responsibilities from round 2 to round 5, please fill the survey on 

the next page. 

*** 

PAGE 5: Round 1: VIRTUAL KICKOFF MEETING QUESTIONS  

Please rate your team members using the following guide. Also rate yourself. Then 

answer the questions below ratings.  

READ VERY CAREFULLY! 

5: Excellent collaboration: Took significant leadership in task allocation. Showed 

some information technology (IT) skills that can be helpful in this experiment. 

Contributed significantly to finish on time. 

4: Very good collaboration: Showed some leadership. Seemed knowledgeable and 

able to help. Contributed to finish on time. 

3: Contributed to the teamwork: Accepted allocated tasks. Showed no significant IT 

skill yet. Responses were a little late. 

2: Poor collaboration: Caused some issues during the task allocation. I do not think 

he/she is skilled in IT. Delayed responses caused some time. 

1: Very poor or no collaboration. Caused serious collaboration issues or showed lack 

of skills. We could better off without him/her. 

8.  Please rate the performance of your team members (including yourself) using the 

guide above       1   2   3   4   5  

9.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 
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Each team member has specialized knowledge of some aspect of our project  

Different team members are responsible for expertise in different areas  

I know which team members have expertise in specific areas  

I was comfortable accepting procedural suggestions from other team members  

I trusted that other members’ knowledge about the project was credible 

When other members gave information, I wanted to double-check it for myself  

Our team worked together in a well-coordinated fashion  

Our team needed to backtrack and start over a lot   

We accomplished the task smoothly and efficiently   

DO NOT GO TO THE NEXT PAGE UNLESS INSTRUCTED 

*** 

PAGE 6: Round 2: DRAW SIMPLE SHAPES (15 minutes)  

In this round you are actually starting to work as a team member and complete a task 

(a simple shape). You should already know what to do since you shared in round 1 

kickoff meeting but you have to follow specific guidelines for the shape you chose. At 

the end of the round it should look like the picture next to the specifications. For now 

PLEASE USE BLACK COLOR ONLY. We will paint them later in round 4.  

READ VERY CAREFULLY! 

FOLLOW THE GUIDELINES BELOW: Those will have an impact on your personal 

and team performance 

REMEMBER YOU ARE A TEAM: Some of your teammates may need the exact 

shapes you will draw in a minute. 
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Open the paint file "your_name".bmp located on the desktop (i.e. Red.bmp if your 

code name is RED).  

See the ruler on the left and bottom corners. One unit is one inch. 

Save it as "yourname"_2.bmp (i.e. Red_2.bmp) on your desktop. 

10.  Which one will you draw? 

CLOUD     

HOUSE     

TREE     

CLOUD – CIRCLES: 

Draw four perfect circles 1 inch in diameter (see the ruler on the left and bottom) 

Draw four perfect circles ½ inches in diameter 

First put 4 big circles intersecting randomly wherever you deem fit to form a cloud 

(do not make perfect horizontal, shift a up and down to form a random look on the cloud) 

Then put smaller ones again intersecting with the big ones 

Erase the interior lines to see a cloud-like shape 

Make any corrections and improvements to wherever you deem fit 

HOUSE – RECTANGLES: 

Draw a rectangle 4 inches in width 2 inch in height 

Draw a rectangle 1 inches wide and 1.5 inches height 

Draw 2 squares 1 inch on each side  

Draw an isosceles triangle with 4 inch base and 1 inch height 

Put the large triangle on top of the large rectangle 
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Put the smaller vertical rectangle inside the large one as a door 

Put small squares inside the large rectangle as windows 

Make any corrections and improvements to wherever you deem fit 

TREE - TRIANGLES: 

Draw 1 large triangle with 2 inches base and 4 inches height 

Draw 6 small triangles with ¼ inches base and ¾ inch in height (all should be 

directed upwards) 

Draw a rectangle with ½ inches wide and 1 inch height 

Put small triangles into the large ones at random places 

Put the rectangle under the triangle to look like the trunk of the tree 

Make any corrections and improvements to wherever you deem fit 

Save your picture file as "yourname"_2.bmp (i.e. Red_2.bmp) on your desktop. 

Share your pictures with your friends 

If you completed all your tasks (draw shapes as best as you could), please rate your 

team members using the following guide. Also rate yourself. Then answer the questions 

on the next page. 

5: Excellent contribution to the teamwork. Shapes are perfect according to the given 

specifications: full compliance 

4: Very good contribution to the teamwork. Shapes are slightly imperfect: i.e. 

isosceles triangle is a little tilted, or less than 0.1 inch short 

3: Contributed to the teamwork. Shapes have visible issues but they are complete : i.e. 

subject draw ellipses instead of circles 
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2: Poor contribution to the teamwork. Shapes are incomplete: i.e. there is a missing 

tire at the car or a window at the house  

1: Very poor or no contribution. Shapes are not drawn correctly or not drawn at all: 

i.e: draw tree instead of a house 

11.  Please rate the performance of your team members (including yourself) using the 

guide above       1   2   3   4   5  

*** 

PAGE 6: Round 2 QUESTIONS  

Please answer the questions below. READ VERY CAREFULLY! 

12.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

Each team member has specialized knowledge of some aspect of our project  

Different team members are responsible for expertise in different areas  

I know which team members have expertise in specific areas  

I was comfortable accepting procedural suggestions from other team members  

I trusted that other members’ knowledge about the project was credible 

When other members gave information, I wanted to double-check it for myself  

Our team worked together in a well-coordinated fashion  

Our team needed to backtrack and start over a lot   

We accomplished the task smoothly and efficiently   

DO NOT GO TO THE NEXT PAGE UNLESS INSTRUCTED 

*** 
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PAGE 7: Round 3: DRAW SHAPES (15 minutes)  

In this round you continue to work as a team member and complete another task (a 

less simpler shape) according to the directions below. PLEASE USE BLACK COLOR 

ONLY  

READ VERY CAREFULLY! 

Open the paint file "your_name".bmp located on the desktop (i.e. Red.bmp if your 

code name is RED). 

Save it as "yourname"_3.bmp (i.e. Red_3.bmp) 

13.  Which one will you draw? 

CAR    BARN    SUN     

CAR – RECTANGLES AND CIRCLES: 

Draw a rectangle 4 inches in width 2 inches in height (see the ruler on the left and 

bottom) 

Draw another rectangle 2 inches in width 1 inch in height 

Draw two perfect circles 1 inch in diameter.  

Draw smaller (~1 inch) concentric circles inside these circles (to make them look like 

wheels). 

Put small rectangle on top of the big one 

Put tires under the big rectangle intersecting with the lower edge (to where you think 

wheels are meant to be) 

Make any corrections and improvements to wherever you deem fit 
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BARN – RECTANGLES AND A HALF CIRCLE 

Draw a circle 2 inches in diameter. Draw a line in the middle horizontally to divide 

the circle into two. Erase the lower half of the circle 

Draw a rectangle 2 inches wide and 3 inches height. Put it under the half-circle 

Draw the doors: they will be two adjacent rectangles ½ inch wide 1.5 inches tall 

Put a window for the animals above the rectangle in the middle of semi circle (with ½ 

inch sides.) 

Make any corrections and improvements to wherever you deem fit 

SUN – CIRCLE AND TRIANGLES: 

Draw a circle 2 inches in diameter 

Draw 8 small triangles with 1/4 inches base and 1 inch in height (the should be 

directed to 8 different directions: North, South, East, West, and in between) 

Put triangles around the large circle to look like sun rays 

Make any corrections and improvements to wherever you deem fit 

Save your picture file as "yourname"_3.bmp (i.e. Red_3.bmp if you are RED) on 

your desktop. 

Share your pictures with your friends 

If you completed all your tasks (draw shapes as best as you could), please rate your 

team members using the following guide. Also rate yourself. Then answer the questions 

on the next page. 

5: Excellent contribution to the teamwork. Shapes are perfect according to the given 

specifications: full compliance 
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4: Very good contribution to the teamwork. Shapes are slightly imperfect: i.e. 

isosceles triangle is a little tilted, or less than 0.1 inch short 

3: Contributed to the teamwork. Shapes have visible issues but they are complete : i.e. 

subject draw ellipses instead of circles 

2: Poor contribution to the teamwork. Shapes are incomplete: i.e. there is a missing 

tire at the car or a window at the house  

1: Very poor or no contribution. Shapes are not drawn correctly or not drawn at all: 

i.e: draw tree instead of a house 

14.  Please rate the performance of your team members (including yourself) using the 

guide above      1   2   3   4   5  

*** 

PAGE 8: Round 3 QUESTIONS  

Please answer the questions below. READ VERY CAREFULLY! 

15.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

Each team member has specialized knowledge of some aspect of our project  

Different team members are responsible for expertise in different areas  

I know which team members have expertise in specific areas  

I was comfortable accepting procedural suggestions from other team members  

I trusted that other members’ knowledge about the project was credible 

When other members gave information, I wanted to double-check it for myself  

Our team worked together in a well-coordinated fashion  
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Our team needed to backtrack and start over a lot   

We accomplished the task smoothly and efficiently   

DO NOT GO TO THE NEXT PAGE UNLESS INSTRUCTED 

*** 

PAGE 9: FIVE MINUTE BREAK  

Please pause here for a short break because interesting things can happen in life!  

One team member from each team will depart (leave) to pursue other interests. Wait 

to learn who will depart. IF YOU'RE THE DEPARTING MEMBER GO TO THE POST 

EXPERIMENT SURVEY WITHOUT ANSWERING THE QUESTIONS IN 

BETWEEN. 

*** 

PAGE 10: Round 4: COMBINE AND PAINT  

YOU WILL USE COLORS IN THIS ROUND There is a file named as final.bmp on 

your desktop. This is a bigger paint file: you can put more items inside it. Please open 

that file in paint.  

READ VERY CAREFULLY! 

Open final.bmp (on your dektop) 

Save final.bmp as "yourname"_4.bmp (i.e. Red_4.bmp if you are RED) on your 

desktop 

16.  Which one will you do? 

SKY    FARM    BACKGROUND     
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SKY – USE CLOUDS AND SUN 

Combine the shapes above and make additional shapes if you like 

Put the shapes into places that you deem appropriate 

You can use them more than once or choose not to use any of them 

You can paint them using the colors 

You can make additions change or redraw the shapes that you think has low quality 

FARM – USE HOUSE AND BARN 

Combine the shapes above and make additional shapes if you like 

Put the shapes into places that you deem appropriate 

You can use them more than once or choose not to use any of them 

You can paint them using the colors 

You can make additions change or redraw the shapes that you think has low quality 

BACKGROUND – USE TREES AND CAR 

Combine the shapes above and make additional shapes if you like 

Put the shapes into places that you deem appropriate 

You can use them more than once or choose not to use any of them 

You can paint them using the colors 

You can make additions change or redraw the shapes that you think has low quality 

Save your picture file as "yourname"_4.bmp (i.e. Red_4.bmp if you are RED) on 

your desktop. 

Share your pictures with your friends 
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If you completed all your tasks (draw shapes as best as you could), please rate your 

team members using the following guide. Also rate yourself. Then answer the questions 

on the next page. 

5: Excellent contribution to the teamwork. Shapes are perfect according to the given 

specifications: full compliance 

4: Very good contribution to the teamwork. Shapes are slightly imperfect: i.e. 

isosceles triangle is a little tilted, or less than 0.1 inch short 

3: Contributed to the teamwork. Shapes have visible issues but they are complete : i.e. 

subject draw ellipses instead of circles 

2: Poor contribution to the teamwork. Shapes are incomplete: i.e. there is a missing 

tire at the car or a window at the house  

1: Very poor or no contribution. Shapes are not drawn correctly or not drawn at all: 

i.e: draw tree instead of a house 

17.  Please rate the performance of your team members (including yourself) using the 

guide above      1   2   3   4   5  

*** 

PAGE 11: Round 4 QUESTIONS  

Please answer the questions below. READ VERY CAREFULLY! 

15.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

Each team member has specialized knowledge of some aspect of our project  

Different team members are responsible for expertise in different areas  
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I know which team members have expertise in specific areas  

I was comfortable accepting procedural suggestions from other team members  

I trusted that other members’ knowledge about the project was credible 

When other members gave information, I wanted to double-check it for myself  

Our team worked together in a well-coordinated fashion  

Our team needed to backtrack and start over a lot   

We accomplished the task smoothly and efficiently   

DO NOT GO TO THE NEXT PAGE UNLESS INSTRUCTED 

*** 

PAGE 12: Round 5: THE FINAL PICTURE (15 minutes)  

YOU WILL USE COLORS IN THIS ROUND  

19.  Which one will you be? 

Designer     

Painter     

Editor     

READ VERY CAREFULLY! 

FINAL PICTURE – YOU WILL COMBINE SKY, BACKGROUND, AND FARM 

Combine the bigger shapes above and make additional shapes if you like 

Put the shapes into places that you deem appropriate 

You can use them more than once or choose not to use any of them 

You can make additions change or redraw the shapes that you think has low quality 

Designer: Combines all bigger shapes (sky, background, farm) 
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- Save your picture file as "yourname"_5.bmp (i.e. Red_5.bmp if you are RED) on 

your desktop. 

Share your picture with your friends 

Painter: Makes the final painting touches 

- Save your picture file as "yourname"_5.bmp (i.e. Red_5.bmp if you are RED) on 

your desktop. 

Share your picture with your friends 

Editor: Select the best parts, send back to painter and designer if necessary 

- save it as masterpiece.bmp on your desktop 

Share your picture with your friends 

If you completed all your tasks (draw shapes as best as you could), please rate your 

team members using the following guide. Also rate yourself. Then answer the questions 

on the next page. 

5: Excellent contribution to the teamwork. Shapes are perfect according to the given 

specifications: full compliance 

4: Very good contribution to the teamwork. Shapes are slightly imperfect: i.e. 

isosceles triangle is a little tilted, or less than 0.1 inch short 

3: Contributed to the teamwork. Shapes have visible issues but they are complete : i.e. 

subject draw ellipses instead of circles 

2: Poor contribution to the teamwork. Shapes are incomplete: i.e. there is a missing 

tire at the car or a window at the house  
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1: Very poor or no contribution. Shapes are not drawn correctly or not drawn at all: 

i.e: draw tree instead of a house 

20.  Please rate the performance of your team members (including yourself) using the 

guide above      1   2   3   4   5  

*** 

PAGE 13: Round 5 QUESTIONS  

Please answer the questions below. READ VERY CAREFULLY! 

15.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

Each team member has specialized knowledge of some aspect of our project  

Different team members are responsible for expertise in different areas  

I know which team members have expertise in specific areas  

I was comfortable accepting procedural suggestions from other team members  

I trusted that other members’ knowledge about the project was credible 

When other members gave information, I wanted to double-check it for myself  

Our team worked together in a well-coordinated fashion  

Our team needed to backtrack and start over a lot   

We accomplished the task smoothly and efficiently   

GO TO THE NEXT PAGE FOR THE LAST SURVEY 

*** 
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PAGE 14: Post-Experiment Survey  

You used Collaborative Information Technologies (CIT) such as Google Talk and 

Webspace in this experiment. Please answer the questions below accordingly.  

22.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

+3 Strongly Agree   +2 Agree   +1 Somewhat Agree   0 Neutral   -1 Somwehat 

Disagree   -2 Disagree   -3 Strongly Disagree  

Using CIT improved my performance during the experiment                       

Using CIT during the experiment increased my productivity                       

Using CIT enhanced my effectiveness during the experiment                       

I found CIT useful during the experiment                       

23.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

My interactions with CIT were clear and understandable.                       

Interacting with CIT did not require a lot of my mental effort.                       

I found CIT easy to use.                       

I find it easy to get CIT to do what I want it to do.                       

24.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

I think CIT we used was complementary (fitting) to use in this assignment                       

The available CIT was capable of providing everything to collaborate in this 

experiment.                       



 125 

The technology provided in this experiment did not fit to the tasks.                       

25.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

I found the drawing tasks interesting.                       

I felt motivated to complete my pictures.                       

Experiment captured my interest.                       

26.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

I found drawing tasks complex.                       

I could not finish my pictures on time.                       

I could understand the experiment procedure.                       

27.  Choose a number from +3 (Strongly Agree) to -3 (Strongly Disagree) for each 

question. Please select only one! 

Member departure was a loss in terms of resources and capabilities.                       

Losing a team member affected my performance in the experiment.                       

Team would better off with the departed team member.                       

*** 

PAGE 15: Debrief  

Thank you for participating in our research. Our broad purpose is to assess how 

people collaborative information technologies alleviate the issues that might be generated 

in a team. The study today basically focused on the development of a group mind. A few 

of the studies were used to assess how collaborative information technologies can 
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alleviate the transfer of a group member. Moreover, the impact of the tools on developing 

a collective group mind is not fully understood yet. 

This line of studies has important implications for education, the practice of 

management, and team psychology. 

Dynamism in group research is becoming more important as the businesses work at a 

higher pace. Member transfers into and out of the group are a part of this dynamism but 

little research has done on this phenomenon. 

Most of the time these transfers are sudden with little advance warning, especially 

when a member suddenly departs from the group. In this experiment, we simulate the 

sudden departure of a group member to understand its effects of the group mind. 

Therefore it was necessary to reveal this action after third round to observe the turbulence 

that occur after departure. 

DEPARTURE: The departure of a member from the group and the experiment is 

completely random. There is no relationship with his or her prior performance and the 

departure request. After the third round, experimenter removes one person using a 

random number generator. 

If you have any further questions about the study or if you would like to see some of 

the results, you may contact Tayfun Keskin, McCombs School of Business, at The 

University of Texas at Austin  

email: tayfunkeskin@gmail.com 
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APPENDIX B: Pilot experiments 

PILOT I 

In the first pilot experiment, I focused on the reliability of measurements and the 

validity of constructs. I did not only use surveys to measure operationalized constructs, 

but also conducted a half-hour discussion with the subjects and videotaped it with their 

consent. During this discussion, I asked critical open-ended questions related to the 

variables I wanted to measure. In analyzing the videotapes, I also determined that control 

variables, such as motivation, had a significant impact on performance. 

First of all, task characteristics of the experiment needed to be highly relevant to real 

business world situations. The experiment was inspired by the process of designing a new 

product or software with modular components; in designing such products, employees 

work on separate components and then combine them to form the final structure. Second, 

the setting needed to incorporate different skills and specialization development. For each 

round, I designed five separate tasks that required three different skills and combinations 

of those skills, which is normal in real life. Subjects develop and use three different 

(circular, rectangular and triangular) drawing skills to complete their tasks. For example, 

one task is to draw a cloud, which includes only circles of different sizes; another is to 

draw a house that contains both a triangle and rectangles. 

Communication over information technologies and virtual storage were also 

necessary to functionalize the CIT construct. Therefore, development of a virtual product 

was necessary. A graphic design was an appropriate product to share and store virtually. 

The procedure needed to be aligned with the current interest of the TMS and teamwork 
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community. The tasks were modified from the well-known radio assembly experiment, 

which has been used and cited several times in both TMS and teamwork literature 

(Hollingshead et al. 2003; Liang et al. 1995). 

In addition to being realistic, the experiment needed to attract the interest of the 

subjects to increase their engagement in the activities. To attract their interest, I designed 

the activity in such a way that each subject could understand a complex task and could be 

motivated to complete it within a short time. Tasks needed to be short enough that both 

the training and five rounds could be conducted in a reasonable amount of time. Yet they 

needed to be difficult enough to promote collaboration and use of CIT components. The 

setting needed to promote a high level collaboration among subjects rather than allowing 

subjects to just complete separate assigned tasks. Therefore, I designed the first round for 

communicating and sharing so subjects would use the provided CIT components. 

Moreover, by simulating a kick-off meeting, this initial round increased the task’s 

similarity to real business world situations. 

Finally, the process and assigned tasks needed to be flexible and modular, so they 

could be adapted to changes that might occur during the experiment’s run or to future 

changes such as an increase in the team size. 

The hypotheses tested in the first pilot experiment were as follows: 

Hypothesis 1: Removal of one team member will decrease the strength of transactive 

memory system of the team 
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Hypothesis 2: The complementarity between collaborative information technologies and 

tasks will alleviate the negative impact of departure on transactive memory system 

development  

Hypothesis 3: TMS development will be positively related to team performance 

The hypotheses above include departure and CIT functionality as major independent 

variables. To test those variables’ impact, I used a 2x2 fully-crossed factorial design with 

only two levels for each variable. 

Pilot I results 

In the first pilot study, I observed TMS development throughout the duration of the 

experiment. All treatment sets reported an increase at different ranges from round one to 

round three. Sample size for each treatment was two teams (ten subjects) with five 

members in each team. Therefore, tests other than nonparametric designs were not 

applicable because of their associated power with low sample size. 

I also detected negative effects of departure on TMS after round three (figure 1), 

especially in teams that used full CIT functionalities. Departure led to a visible TMS 

decrease. However, I did not observe TMS decrease in teams with low CIT. The reason 

was the measurement method. During the post-experiment interviews, teams reported that 

they struggled with coordination and they revisited the tasks completed with the departed 

member. Regardless of their verbal reports, I could not observe TMS reduction because 

the next measurement was after round five, which meant losing the reduction in TMS 

data in round four. 
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Figure 1. TMS development for all treatment sets 

 

Performance measurements revealed consistency with prior TMS. Team performance 

was affected by departure and by TMS, and the two measurements were correlated. 

Moreover, departure had less impact when CITs were functional. Interestingly, I 

observed higher performance in the low-CIT group in the first three rounds. The main 

reason was the self-reported performance measure with no or little perception of quality 

and timing. 
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Figure 2. Performance development for all treatment sets 

 

For subsequent experiments, I revised measurement frequency of TMS to every round 

to eliminate the problems in the first pilot design. I included timing as a second 

performance measure besides quality. I also provided team members with the guidelines 

to follow while evaluating performance and timeliness. 

PILOT II 

The main purpose of pilot II was to eliminate problems I encountered in the 

measurement and the design of the first pilot experiment. I incorporated timeliness as a 

second performance measure and reduced team size to three, both to increase departure 
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impact and to use my subjects economically. I also removed other burdens that had little 

or no contribution to my core theory for a leaner and shorter experiment that was under 

two hours. For example, I decreased demographic questions from sixteen to five and 

transferred paper surveys into computer. 

The hypotheses tested in the second pilot experiment are as follows: 

Hypothesis 1a: Member departure leads to reduced team performance 

Hypothesis 1b: Member departure leads to reduced transactive memory strength 

Hypothesis 2: When facing member departure with greater CIT functionality, team 

performance is reduced less than when facing member departure with less CIT 

functionality. 

Hypothesis 3: TMS mediates the relationship between member departure and team 

performance 

Pilot II results 

A histogram of performance measures (timeliness and quality) provides quasi-normal 

distributions that are a little skewed to the left. This indicates that team members tended 

to give results higher than the average and that the normality assumption would need to 

be made carefully in the statistical analyses following the pilot studies. 
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Figure 3. Histograms for quality and timing 

 

The quality aspect of team performance was affected by departure and TMS. 

Moreover, the impact of departure was alleviated when CITs were functional. 

Interestingly, teams with low CIT could not recover from departure even after the fourth 

period. 
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Figure 4. Average team performance in Pilot II 

 

The results for timing were slightly irregular compared to those for quality because of 

the rating system. The results for high CIT stayed around four because every group 

member showed effort to finish on time, and some submitted their work on time even 

though their tasks were unfinished. Yet again, I observed departure impact and 

improvement due to TMS development. 



 135 

 

Figure 5. Average team timing in Pilot II 

 

Timing provided a second layer of information along with the task performance. 

However, in these pilot tests I did not observe a very significant performance increase in 

timing. Therefore, timing, as a second measure, did not provide valuable information in 

statistical analyses. Moreover, it was very hard for subjects to give an accurate measure 

of performance during an intensive experiment. As a result, I changed the self-reported 

performance measure to a rater-based measure given by two referees. 

Moreover, I shortened the TMS survey to nine questions from fifteen (Lewis 2003). I 

chose variables that were indicative of aggregate measures of specialization, credibility, 

and coordination. 
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APPENDIX C: Sobel test using SPSS macro 

Run MATRIX procedure: 

 

********************************************************************** 

 

Preacher and Hayes (2004) SPSS Macro for Simple Mediation 

 

Written by Andrew F. Hayes, The Ohio State University 

 

http://www.comm.ohio-state.edu/ahayes/ 

 

VARIABLES IN SIMPLE MEDIATION MODEL 

 Y        perf 

 X        dep 

 M        tms 

 

DESCRIPTIVES STATISTICS AND PEARSON CORRELATIONS 

          Mean        SD      perf       dep       tms 

perf     .0080     .2266    1.0000    -.9111     .7831 

dep      .5000     .5058    -.9111    1.0000    -.7205 

tms     -.0614     .1808     .7831    -.7205    1.0000 

 

SAMPLE SIZE 

       44 

 

DIRECT AND TOTAL EFFECTS 

            Coeff      s.e.         t  Sig(two) 

b(YX)      -.4082     .0285  -14.3207     .0000 

b(MX)      -.2575     .0383   -6.7325     .0000 

b(YM.X)     .3303     .1043    3.1662     .0029 

b(YX.M)    -.3232     .0373   -8.6655     .0000 

 

INDIRECT EFFECT AND SIGNIFICANCE USING NORMAL DISTRIBUTION 

           Value      s.e.  LL 95 CI  UL 95 CI         Z  Sig(two) 

Effect    -.0851     .0300    -.1438    -.0264   -2.8396     .0045 

 

BOOTSTRAP RESULTS FOR INDIRECT EFFECT 

            Data      Mean      s.e.  LL 95 CI  UL 95 CI  LL 99 CI  UL 99 CI 

Effect    -.0851    -.0909     .0371    -.1810    -.0341    -.2429    -.0184 

 

NUMBER OF BOOTSTRAP RESAMPLES 

     1000 

 

FAIRCHILD ET AL. (2009) VARIANCE IN Y ACCOUNTED FOR BY INDIRECT EFFECT: 

     .5799 

 

********************************* NOTES ************************* 

------ END MATRIX ----- 
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