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ABSTRACT 

Transactive memory, the cooperative division of labor for learning, remembering, 

and communicating relevant team knowledge (e.g., Hollingshead, 2001), allows team 

members to smoothly coordinate their discrete areas of expertise. As it consists of both a 

memory structure and knowledge transactions, researchers have taken two different 

approaches towards studying transactive memory, viewing it either through its cognitive 

manifestations (e.g., Lewis, 2003) or its transactional behaviors (e.g., Ellis, 2006).  

The purpose of this study was to propose and test a model of transactive memory 

development that integrates both approaches. To do so, I introduce a two-stage model in 

which the cognitive dimensions of transactive memory emerge through specific 

transactive memory behaviors. In the first stage, the structure of team knowledge is 

formed as members share information about their areas of expertise. The emergence of 

the team memory schema allows for the sharing and retrieval of information in the 

second stage, when members learn to trust and coordinate with the expertise of their 

teammates, leading to the smooth flow of information in and out of the team's transactive 

memory. To test this model, I arrayed 360 students into 90 four-person teams which 

engaged in a computerized, dynamic, command and control simulation. 

 While results failed to support the model as a whole, most hypothesized 

relationships were supported.  Specifically, need for cognition and reward structure 

influenced behaviors and cognitions, while specialization and coordination were related 

to the hypothesized outcomes of each stage.  Finally, the relationship between 

specialization and coordination was partially mediated by information allocation.   
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CHAPTER 1 

INTRODUCTION 

 As organizations increasingly structure work around teams rather than individuals 

(e.g., Devine, Clayton, Philips, Dunford, & Melner, 1999) researchers have focused 

considerable attention on examining factors that improve team processes and 

performance (e.g., Cannon-Bowers, Oser, & Flanagan, 1992; Colquitt, 2004; Ilgen, 1994; 

Stewart & Barrick, 2000). Interdependent teams are considered superior at complex tasks 

because they allow members to share work and contribute their unique expertise (e.g., 

Mathieu, Heffner, Goodwin, Salas, & Cannon-Bowers, 2000; Smith-Jentsch, Mathieu, & 

Kraiger, 2005). This ability of teams to develop, distribute and share expertise has been 

described by researchers as transactive memory (e.g., Lewis, 2003).  

 Transactive memory within teams was originally conceived by Wegner (1987) to 

describe the storing and sharing of information between group members. Transactive 

memory is defined as a cooperative division of labor for learning, remembering, and 

communicating relevant team knowledge (e.g., Hollingshead, 2001; Lewis, 2003; 

Wegner, 1987).  It allows team members to develop deep, discrete areas of expertise, 

gaining access to each other’s knowledge when needed without increasing their cognitive 

load.  Team members are able to focus on their specific area of the team’s mission, 

increasing task relevant expertise while relying on teammates for information outside 

their own domain.  

Researchers have taken two different approaches towards studying transactive 

memory. As it consists of both memory structure and knowledge transactions, researchers 
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have focused on either the cognitive manifestations of transactive memory (e.g., 

Moreland, 1999; Lewis, 2003) or its transactional behaviors (e.g., Ellis, 2006; 

Hollingshead, 2001).  Though each perspective takes a different approach to examining 

transactive memory, both represent viable and interrelated conceptions of the construct.  

While the behavioral approach focuses on how team members share information, it also 

implicitly assumes an underlying cognitive structure and recognition of expertise. 

Similarly, the cognitive approach recognizes that the system develops and operates 

through the communication of expertise-related information.  

However, while adherents of both views recognize their interrelatedness and 

consistent positive effects on team effectiveness (e.g., Austin, 2003; Ellis, 2006; Lewis, 

2003; Moreland & Myakovsky, 2000), researchers have yet to detail the 

interdependencies between transactive memory behaviors and cognitive states or to 

examine how transactive memory develops within teams.  Understanding the processes 

by which transactive memory emerges and evolves is critical for determining when teams 

are able to sustain knowledge retrieval and coordination (e.g., Lewis, 2004; Moreland & 

Myakovsky, 2000) and when interventions to improve team performance can be 

successfully applied. 

Therefore, the purpose of this study is to propose and test a model of transactive 

memory development that integrates the behavioral and cognitive approaches.  Drawing 

on transactive memory theory, Ilgen, Hollenbeck, Johnson and Jundt's (2005) IMOI 

model of mediating states, and Kozlowski, Gully, Nason and Smith's (1999) theory of 

team compilation, I introduce a two-stage model in which the cognitive dimensions of 
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transactive memory emerge through specific transactive memory behaviors.  In the first 

stage, Differentiation, the structure of team knowledge is formed as members share 

information about their areas of expertise. The emergence of the team memory schema 

allows for the sharing and retrieval of information in the second stage, Integration. 

During Integration, team members learn to trust and coordinate with the expertise of their 

teammates, leading to the smooth flow of information in and out of the team's transactive 

memory. 

Because each stage is characterized by different behaviors, the development of 

transactive memory in each stage has unique antecedents.  For example, certain 

individual differences may influence how team members go about developing the team's 

memory structure, but not how they subsequently share expertise.  Similarly, certain 

structural factors may influence how extensively teams in the second stage utilize the 

specialized knowledge developed in the first. Therefore, a second purpose of this study is 

to identify individual and organizational factors that influence how each stage develops.  

Specifically, I suggest that team members' need for cognition, or tendency to engage in 

and enjoy effortful cognitive activities, will positively affect the degree to which they 

engage in specific behaviors in the Differentiation stage, and that team reward structure 

will influence behaviors and cognitions in the Integration stage.  

Kozlowski et al. (1999) suggest that each stage of a team's development will 

result in distinct, measurable outcomes. The third purpose of this study is to identify 

specific outcomes of each stage of transactive memory development. From the 

Differentiation stage, I expect teams to develop role clarity, the extent to which team 
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members clearly understand what is expected of them, and psychological safety, the 

belief that the team is safe for sharing information.  From the Integration stage, I expect 

teams to develop behavioral integration, the degree to which effective collective 

interaction occurs within the team, and collective efficacy, the shared belief in the team’s 

own ability to organize and execute courses of action. 

 This model of transactive memory development has a number of implications for 

researchers and practitioners.  First, it adds to our understanding of how transactive 

memory behaviors and emergent cognitive states interact over multiple stages to develop 

a structure of memory and allow team members to effectively coordinate their expertise.  

Second, it provides a framework for assessing teams with poor performance.  When team 

members are unable to perform effectively, it may be otherwise difficult to pinpoint when 

the root cause occurred.  Third, it allows researchers to identify the points at which 

certain interventions are best applied.  For example, certain types of teamwork training 

may be most beneficial before specialization has emerged. Finally, understanding how 

transactive memory develops within the team allows researchers to better examine how 

team structures and composition influence transactive memory processes and ultimately 

performance.  This allows for the identification and manipulation of factors whose effects 

on transactive memory development are felt in different stages.   
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CHAPTER 2 

LITERATURE REVIEW 

Transactive Memory 

 Wegner, Giuliano and Hertel (1985) first introduced transactive memory theory to 

explain the way couples in close relationships divided responsibility for information. 

Wegner (1987) later extended this theory to explain how knowledge develops in groups, 

suggesting that a shared system for the encoding, storage and retrieval of information 

may develop within a team as they distribute responsibility for expertise among 

themselves. It is defined as a cooperative division of labor for learning, remembering, and 

communicating relevant team knowledge (e.g., Hollingshead, 2001; Lewis, 2003; 

Wegner, 1987). Transactive memory theory suggests that team members first gain an 

understanding of their own areas of knowledge and an awareness of “who knows what” 

within the group.  Once the structure of transactive memory is developed, members are 

then able to allocate and retrieve expertise specific information to and from the 

appropriate team members. 

 The memory differentiation associated with transactive memory is important for 

teams as it allows for deeper development of expertise, reduces cognitive load, and 

enhances performance. High cognitive load can be particularly troublesome for 

interdependent teams as members have both individual and team responsibilities and 

must apportion resources to both their own tasks and to team interactions (Pollock, 

Chandler & Sweller, 2002).  Transactive memory allows team members to allocate new 

information to the responsible team member without having to store it themselves (e.g., 
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Hollingshead & Fraidin, 2003), freeing them to focus on their own areas, confident they 

can retrieve the information if needed.  For example, consider an engineering project 

team coming together to design a new car.  Each engineer will have a specific area of 

expertise, developed over years of education and experience.  One may specialize in 

electronic systems, another the drivetrain, others the safety features or the exterior 

styling. Without this distribution of expertise, members would have to be knowledgeable 

about all areas of auto design.  In order to effectively integrate their disparate areas of 

knowledge, however, each member must be aware of what other members are expert in, 

and where the boundaries of expertise lie. Once team members have an operational 

transactive memory structure, new information coming into the team will be directed 

appropriately, freeing up the team member who sent it from having to be responsible for 

its storage.  If that information is ever needed, all team members would be aware of 

whom to ask for it. This expertise interdependence allows members to rely on each other 

and results in a knowledge holding system that is larger and more complex than could be 

attained by individuals (Wegner, 1987). 

Behavioral Approach  

 When detailing his conception of transactive memory in groups, Wegner (1987) 

defined it as a cooperative division of labor for learning, remembering, and 

communicating relevant team knowledge, which enables the team to collectively encode, 

store, and retrieve information (e.g., Hinsz, Tindale, & Vollrath, 1997). Wegner (1995) 

suggested that transactive memory is made up of three distinct behaviors: directory 

updating, information allocation, and retrieval coordination.  Through directory 
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updating, team members learn about each other’s areas of expertise and become more 

aware of “who knows what” by sharing or requesting information from their teammates.  

Through information allocation, expertise-specific knowledge is communicated to the 

team member who possesses the relevant area of expertise to store or apply it.  Through 

retrieval coordination, team members utilize their “directory of directories” to request 

information from teammates’ areas of expertise, demonstrating an understanding of how 

knowledge is distributed. For example, in the hypothetical engineering team, directory 

updating would occur when the safety engineer shares information about his or her own 

area of expertise or requests information about the other engineers’ domains of 

knowledge. Information allocation might occur when the drivetrain engineer receives a 

piece of information related to air bags and passes it along to the safety engineer for 

storage into memory.  Retrieval coordination might then occur when the electrical 

systems engineer needs specifications about the airbags and requests that same 

information from the safety engineer. 

 Recognizing the importance of communication in transactive memory 

development, Hollingshead (e.g., 1998a, 1998b, 2001) examined interpersonal 

communications related to transactive memory occurring in dyads composed of strangers 

or intimate couples.  She noted that previous interactions and face-to-face interactions 

positively influenced transactive memory behaviors. However, Hollingshead focused 

only on how individuals in dyads recall and retrieve information from each other. Ellis 

(2006) expanded on this work by investigating the role of all three transactive memory 

behaviors on team cognitions and performance.  He studied the three behaviors as steps 
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in a team's information processing system, finding that directory updating, information 

allocation and retrieval coordination all positively influenced team performance.  

Cognitive Approach  

 In contrast to the behavioral approach, a second stream of transactive memory 

research has emerged that focuses on its cognitive manifestation in teams. Moreland and 

colleagues (e.g., Liang, Moreland, & Argote, 1995; Moreland, 1999; Moreland, Argote, 

& Krishnan, 1996; Moreland & Myaskovsky, 2000) first proposed the cognitive 

dimensions of transactive memory while examining groups whose members were trained 

to perform assembly tasks.  They found that when work groups trained together they 

performed more effectively, attributing those improvements to the team's development of 

transactive memory.  Moreland and colleagues determined that teams that were trained 

jointly more fully developed transactive memory due to an increased awareness of the 

distribution of individual knowledge within the group.  This recognition of expertise 

allowed members to seek out information from the correct teammate and improved their 

coordination of expertise, eventually resulting in higher levels of performance (e.g., 

Moreland & Myaskovsky, 2000). These researchers identified three factors that represent 

the cognitive components of transactive memory: memory differentiation, the tendency of 

group members to develop and recognize specialized areas of expertise within the team; 

task coordination, the ability of group members to effectively combine their knowledge; 

and task credibility, the degree to which group members trust each other’s competence 

and expertise. Moreland and colleagues inferred the existence of transactive memory 
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from judges’ ratings of the degree to which these three dimensions had developed within 

teams during task performance. 

 Lewis (2003) continued this line of research, renaming these three dimensions 

specialization, credibility, and coordination and examining them as emergent cognitive 

dimensions. Like memory differentiation, specialization refers to the recognition of 

distributed expertise within the team; like task credibility, credibility reflects team 

members’ trust in the reliability of other members’ expertise; and like task coordination, 

coordination refers to the ability of the team to smoothly integrate their efforts and 

knowledge. Over several studies, Lewis (2003) examined transactive memory in student 

project teams, developing her self-report scale and finding each of the three dimensions 

to be positively related to team performance.  Further, in each study, all three dimensions 

were significantly related to the amount of task-related communication within the team, 

suggesting that they developed from domain specific communications between members. 

Transactive Memory as an Aggregate Construct  

Researchers suggest that multi-dimensional constructs can be classified as either 

latent or aggregate (e.g., Law, Wong & Mobley, 1998).  For latent variables, a higher-

level construct underlies each of the dimensions, with each aspect reflecting the existence 

of this construct.  For aggregate variables, however, constructs exist at the same level as 

their dimensions and are viewed as an algebraic composite of the dimensions.  This is an 

important distinction when examining transactive memory behaviors and cognitions.  For 

latent models, because the dimensions reflect the manifestation of the construct, they 
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result from its existence.  In the aggregate model, however, the construct forms from the 

presence of the dimensions.   

From these definitions, transactive memory behaviors can clearly be considered 

aggregate, as the construct of transactive memory develops through the accumulation of 

behaviors.  The behavior of directory updating, for example, does not reflect the 

manifestation of transactive memory.  Rather, through this behavior, team members begin 

to develop the structure of transactive memory that leads to information allocation and 

retrieval coordination. Similarly, a single information allocation or retrieval coordination 

behavior does not constitute transactive memory.  The degree to which transactive 

memory can be said to exist is instead a function of the frequency that these behaviors 

occur (Ellis, 2006). 

Lewis (2003) argued that transactive memory cognition is a latent multi-

dimensional construct. Because she studied fully developed systems in which all three 

dimensions were present, they appeared to each manifest the existence of transactive 

memory as an underlying construct. However, a closer view of the nature and 

development of the construct makes the latent view difficult to support.  Lewis's (2003; 

2004) own argument that each dimension can be examined independently to assess team 

performance, and that the initial recognition of expertise distribution will determine how 

fully transactive memory develops over time, supports a more aggregate view. Similarly, 

both Liang et al. (1996) and Moreland et al. (1996) suggest that the cognitive dimensions 

of transactive memory develop sequentially, with the recognition of expertise within the 

team (specialization) a necessary first step before coordination and credibility can 
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develop.  This is inconsistent with a latent view, in which the higher-order construct 

causes the emergence of the dimensions, with each reflecting the underlying construct.  

Since, for latent constructs, each dimension is simply a different way the variable is 

realized (e.g., Law et al., 1998), transactive memory cognition cannot be considered 

latent if any of the three dimensions of specialization, credibility and coordination are 

able exist independently, or precede the others.  

This problem can be further illustrated with an example.  If a team with pre-

established areas of expertise (such as a cross-functional team) were brought together 

briefly to share information about their expertise, the team would develop specialization, 

the recognition of how expertise is distributed within the team.  However, at this point the 

team has not performed any work together, nor allocated or retrieved information out of 

memory. Such a team may have developed some low level of credibility, but having 

never actually worked together could not be said to have coordinated knowledge.  As 

Lewis suggests, specialization without the attending transactive sharing of knowledge 

would simply result in "islands of expertise" (2003: 602). If these dimensions are truly 

latent representations of transactive memory, specialization would not be able exist 

without coordination, as a transactive memory system would have to be operational for 

any of the dimensions to emerge.   

Therefore, I argue that the degree to which transactive memory cognition can be 

said to have developed is a function of the aggregation of its three behavioral or cognitive 

dimensions, and I treat each of the behavioral and cognitive dimensions of transactive 

memory as individual manifestations of specific aspects of transactive memory 
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development.  I do not suggest that the existence of any single behavior or dimension 

means that transactive memory has fully developed; rather that transactive memory has 

multiple interdependent components and requires the emergence of each to be fully 

realized. 

Summary  

 Transactive memory researchers have taken two distinct perspectives towards 

examining how teams divide and share expertise. The behavioral approach focuses on the 

actions of information exchange related to identifying areas of expertise, and then to 

allocating and retrieving specific information between team members.  The cognitive 

approach focuses on the recognition of expertise differentiation within the team and 

members’ trust in, and ability to coordinate, that expertise. Both perspectives represent 

viable, interrelated conceptualizations of transactive memory (e.g., Ellis, 2006; Lewis, 

2003) and each suggests that transactive memory develops through memory 

differentiation and knowledge transactions. However, we lack an understanding of how 

specific behavioral and cognitive components interact and how they stimulate transactive 

memory development over time. 
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CHAPTER 3 

MODEL AND HYPOTHESES 

The following model of transactive memory development in teams details how 

specific transactive memory behaviors lead to the emergence of transactive memory 

cognitions.  Drawing on transactive memory theory (e.g., Wegner, 1987), Ilgen et al.'s 

(2005) Input Mediator Output Input (IMOI) theory of mediating team cognitions, and 

Kozlowski et al.'s (1999) phase model of team compilation, I link together specific 

transactive memory communications and their resultant emergent cognitive states over 

two distinct stages.   

Ilgen et al. (2005) proposed that teams develop over multiple stages of interaction, 

as mediating processes and states emerge within each stage and influence subsequent 

behaviors and states in the next. Their model suggests that different team processes and 

cognitive states become critical at various phases of team development, and provides a 

theoretical framework for examining the interaction between team processes and 

emergent cognitive states that occur within, and between, each stage.  Ilgen et al. view 

transactive memory development as part of the initial "forming" phase of a team's 

development, where team members begin to trust each other, develop beliefs in their 

ability to adapt and perform, gather information about each other's roles, and develop 

cognitive structures. 

Also focusing on the early interactions between team members, Kozlowski et al.’s 

model of team adaptation (1999) views the development of initial team processes as 

occurring over two phases during this early period of team interaction and adaptation; 
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beginning in role compilation and continuing through team compilation. In role 

compilation, members initially concentrate on understanding their roles and 

responsibilities within the team.  As teams enter the team compilation phase, they turn 

their focus to task coordination and performance. Similarly, I suggest that transactive 

memory develops over two stages, in which transactive memory behaviors lead to 

specific cognitions in the first stage, which in turn lead to further interactive behaviors 

and resultant transactive memory cognitions in the second.  

The first set of transactive memory behaviors and cognitions occur within the 

Differentiation stage, in which the patterns of team expertise are formed and members 

become aware of how knowledge is distributed.  The development of the team memory 

structure allows for the allocation and retrieval of expertise specific information in the 

second stage, Integration, in which team members learn to trust and coordinate their 

expertise (see Figure 1). 

FIGURE 1: Model of Transactive Memory Development 
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Stage 1: Differentiation 

 Transactive memory begins when team members learn about each other's domains 

of expertise, and then fully develops through the communication of expertise specific 

information between team members (Wegner, 1987). While all three types of behaviors 

(i.e., directory updating, information allocation and retrieval coordination) represent 

distinct elements of transactive memory operation, they do not happen independently or 

simultaneously.  In order to allocate or request expertise related information from specific 

team members, teams must first develop a structured directory of “who knows what” 

within the team (Wegner, Erber, & Raymond, 1991).  This structure acts as an organizing 

scheme that connects each individual's knowledge to the knowledge held by the others 

(Wegner et al., 1985).  The degree of the team’s memory distribution is reflected in the 

recognition of specialization within the team.  As shown in Figure 1, specialization 

results from directory updating behaviors in the Differentiation stage.  As team members 

share information about their roles and expertise, they begin to understand the distributed, 

specialized nature of the team’s “directory of directories.”  

This stage is similar to Kozlowski et al.'s (1999) role compilation phase, where 

team members focus their attention on learning about their teammates and understanding 

their interdependencies.  Team members attempt to figure out who they need to work 

with to perform their tasks and what information they will need to share (Katz & Kahn, 

1978). They develop a clear picture of how their expertise fits into the team memory 

structure through describing their qualifications and the extent of their knowledge 

domains, as well as soliciting information about their teammates (Hollingshead, 1998a).  
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These directory updating behaviors help members learn about the content and breadth of 

each member’s expertise, developing specialization (Lewis, 2004). In support, Lewis 

(2004) examined the planning actions of new teams and found that expertise clarification 

during initial interactions was critical for the development of an accurate understanding 

of knowledge distribution within the team and the future development of transactive 

memory cognitions.  Therefore, I hypothesize that:  

Hypothesis 1: Directory updating behaviors will positively affect specialization 

cognitions 

Stage 2: Integration 

 As Ilgen et al. (2005) note, the emergent states that result from behavioral inputs 

will lead to subsequent team interactions. In this model, the development of 

specialization through directory updating in the first stage will enable team members to 

engage in transactions with specific teammates in the second. In the Integration stage, 

team members begin to utilize their transactive memory structure to allocate and retrieve 

information to and from each other. For example, once a member of the automotive 

engineering team knows who the drivetrain expert is, he or she knows to contact that 

person for questions or to pass along information regarding the engine. Such 

communication processes require member understanding of the how expertise is 

distributed (Wegner et al., 1985). Therefore, the initial recognition of specialization in the 

Differentiation stage will enable information allocation and retrieval coordination in the 

Integration stage, leading to the following hypothesis: 
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Hypothesis 2: Specialization cognitions will positively affect a) information 

allocation and b) retrieval coordination behaviors 

 The Integration stage is similar to Kozlowski et al.'s (1999) team compilation 

phase of team development, in which team members turn their focus to task coordination 

and performance.  They engage in transactions designed to coordinate their roles and to 

adapt to novel and changing situations.  The Integration stage is characterized by the 

allocation and retrieval of expertise-specific information between team members, as 

transactive memory continues to develop through knowledge sharing (Hollingshead & 

Brandon, 2003). This enables team members to more fully understand and trust each 

other’s knowledge and abilities, developing credibility, and to coordinate their knowledge 

and actions.   

Similar to competence-based trust, credibility reflects team members’ faith in 

their teammates’ technical knowledge and ability to fulfill their responsibilities (Butler & 

Cantrell, 1984). Credibility is critical to the successful operation of transactive memory, 

as members must be able to focus on their own expertise development, believing that 

other teammates are capable of handling their own responsibilities. Like trust, credibility 

develops through demonstration and appraisal of a team member's ability. When 

members engage in information allocation and retrieval coordination, they are able to 

assess the credibility of their teammates’ expertise and demonstrate their own. Similarly, 

as members come to rely on each other for memory storage and retrieval, they begin to 

smoothly integrate their knowledge, coordinating their efforts towards efficiently and 

effectively performing the team task.  As Liang et al. (1995) note, once members know 
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“who knows what” in the team, they can seek out and share information with the right 

person, trust that the information they receive is correct, and anticipate each other's 

behavior coordinating efforts.  Therefore, I hypothesize that: 

Hypothesis 3: Information allocation behaviors will positively affect a) credibility 

and b) coordination cognitions 

Hypothesis 4: Retrieval coordination behaviors will positively affect a) credibility 

and b) coordination cognitions 

Antecedents  

 While transactive memory develops through specific interactions in each stage, 

certain individual differences and team structural factors may uniquely influence the 

degree to which behaviors occur and cognitions emerge in each. I suggest that team 

members' need for cognition will positively affect directory updating behaviors and 

specialization in the Differentiation stage and that team reward structure will influence 

information allocation and coordination in the Integration stage.  

 Need for cognition. Cacioppo and Petty (1982) proposed that there are differences 

in people’s tendencies to engage in and enjoy effortful cognitive activities, calling it need 

for cognition.  This conception originated in the earlier work of Cohen and colleagues 

(e.g., 1955) as a “need to understand and make reasonable the experiential world” (1955: 

291).  However, while the Cohen approach reflects mental activity prompted by 

intolerance for ambiguity, Cacioppo, Petty and Morris (1983) suggest that this need for 

cognition is characterized by people's tendency to engage in and enjoy effortful cognitive 

activity for its own sake. Need for cognition reflects a stable intrinsic motivation to 
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undertake effortful problem solving. Individuals low in need for cognition are considered 

cognitive misers (e.g., Taylor, 1981), exerting as little effort as possible when dealing 

with cognitive problems.  Those high in need for cognition are characterized by active, 

exploring minds and purposefully seek out information about their surroundings 

(Cacioppo, Petty, Feinstein & Jarvis, 1996).   

 Individuals high in need for cognition consistently have been shown to have 

greater knowledge and higher recall (e.g., Cacioppo et al., 1983; Lassiter, Briggs & 

Bowman, 1991).  This is due to their propensity to search their environment for 

information to prepare themselves to deal with problems and challenges (Cacioppo et al., 

1986). Individuals high in this need query their co-workers for the information they need 

to understand the scope and nature of problems.  Teams high in need for cognition will be 

more likely to seek out expertise-related information about their teammates in an attempt 

to make sense of their roles and the team's task. This should directly influence their 

tendency to engage in directory updating in the Differentiation stage.  However, while 

need for cognition is related to a drive to understand the environment, it does not extend 

to actively engaging in interpersonal transactions to apply that information. Information 

allocation and retrieval coordination behaviors do not directly influence members’ ability 

to understand the nature of the problem.  Rather, they involve moving information in and 

out of storage to apply it to the team task, so the effects of need for cognition should be 

directly felt in the Differentiation stage. Therefore, I suggest that: 

Hypothesis 5: Team need for cognition will positively affect a) directory updating 

behaviors and b) specialization cognitions 
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 Reward structure. Reward interdependence is the extent to which the incentives 

that an individual receives depend on the performance of other team members (Wageman 

& Baker, 1997). Two types of reward structure define the poles of interdependence and 

are most commonly used in teams: competitive, where members are rewarded solely for 

their individual efforts, or collaborative, where each member’s reward depends on the 

team's overall performance (Shea & Guzzo, 1987). Proponents of collaborative rewards 

structures suggest that team level incentives motivate members to focus on mutual 

interaction (e.g., Harrison, Price, Gavin, & Florey, 2002) leading to more satisfied and 

better performing teams. This view reasons that rewards based on team performance 

foster the feeling among members that they will succeed or fail together, and promote 

cooperation and diminish competitiveness, facilitating the smooth functioning' of the 

group (e.g., DeMatteo, Eby & Sundstrom, 1998).  

  However, cooperative reward structures have several potential pitfalls (Latané & 

Nida, 1981).  First, they reduce personal accountability, as individual contributions are 

not identified and responsibility is diffused. Second, they create dispensability of effort, 

where each member may feel they cannot make much difference in the team's overall 

performance. These problems may lead team members to engage in social loafing, as 

individuals may realize they can exert less effort and still receive substantially the same 

reward (e.g., Karau & Williams, 1993). For example, Karau and Hart (1998) found that 

team members operating under collective reward schemes reduced their efforts since the 

team outcome had little personal relevance. While research has shown that social loafing 

can be compensated for by mutual monitoring and peer pressure in organizations (e.g., 
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Barua, Lee & Whinston, 1995), it is the additional potential for conflict and 

dissatisfaction resulting from these structures that has caused many organizations to resist 

adopting team level rewards.  

 When social loafing is noted by other teammates, and inequities observed, the 

higher skilled and harder working team members may become dissatisfied with the team, 

resulting in interpersonal conflict and withdrawal from team interactions (Comer, 1995). 

For example, Ezzamel and Willmott's (1998) study of an organization implementing team 

based bonus plans found that higher performing team members became very resentful of 

those members lacking in skill or "slacking off." The better workers felt compelled to 

exert more effort than their peers without being fairly rewarded for it. This became a 

source of widespread dissatisfaction and conflict both within teams and between workers 

and management.  

 The most common alternative for team based organizations is to reward 

individual effort, causing members to focus on their own tasks rather than the team’s 

overall mission. However, this type of competitive reward structure has been shown to 

lead to less cooperation and fewer teamwork behaviors.  Some team members may even 

feel motivated to work against their teammates to improve their own outcomes (e.g., 

Beersma et al., 2003).  

Recently, Beersma et al. (2003) and Johnson et al. (2006) compared the effects of 

collaborative and competitive reward structures on team performance outcomes. Beersma 

et al. (2003) found that while teams operating under competitive reward structures 

performed their tasks more quickly, those working towards cooperative rewards 
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generated fewer errors. Johnson et al. (2006) found similar results, as well as evidence 

that cooperative teams engaged in higher levels of information sharing. They suggest that 

one means of resolving this tradeoff between reward structures is for organizations to 

adopt hybrid incentives, where both individual and team performance are rewarded.  

Hybrid reward structures allow organizations to focus team members' attention on 

both their own tasks and their team responsibilities.  These structures may alleviate many 

of the drawbacks of collaborative rewards, as members are held accountable for their 

work, see their efforts lead to measurable performance, and are not completely reliant on 

their teammates for goal attainment.  Further, members cannot simply ignore their team 

responsibilities or work against their teammates without harming their own outcomes.  

 Because of their influence on team member motivation and information sharing, I 

suggest that both cooperative and hybrid reward structures may positively affect 

transactive memory development in comparison to competitive structures. Further, I 

expect that the effects of these reward schemes on transactive memory will be felt 

primarily in the Integration stage of development. 

 Regardless of how they are rewarded, team members are interested in discovering 

the expertise of their teammates, as they are potential sources of information and aid. In 

the Differentiation stage, both cooperatively and competitively rewarded members will 

recognize that their performance depends in part on receiving task related information 

from their teammates.  Therefore, I expect there to be no difference in the level of 

directory updating behaviors between the cooperative, competitive and hybrid structures. 
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 However, for competitively rewarded teams, transactive memory development 

will be negatively impacted in the Integration stage.  While there may be efforts at 

retrieval coordination, as members attempt to request information from other team 

members’ expertise, there is no incentive for the member receiving the request to provide 

it. Similarly, there is little advantage for team members to allocate expertise-related 

information to their teammates. Team members with competitive reward structures will 

focus on gathering the information they need to perform their own tasks, exerting 

minimal effort coordinating their efforts with their teammates.  As well, since the success 

of other members may actually reduce their own performance, they may be tempted to 

share incorrect expertise information, impairing the development of coordination. 

 Conversely, team members in cooperative reward schemes will need to actively 

retrieve and share information with their teammates, as they can only be successful if all 

the members have the resources they need.  This focus on overall team interaction and 

performance should lead to greater information exchange and improved ability to 

smoothly integrate expertise. Hybrid reward structures should have similar effects.  

While team members are still interested in their own performance, they will recognize the 

importance of team success, leading to high levels of information allocation and the 

resultant coordination seen with cooperative rewards.  Therefore, I hypothesize that:  

Hypothesis 6: Teams operating under cooperative and hybrid reward structures 

will evidence higher levels of a) information allocation behaviors and b) 

coordination cognitions compared to teams operating under a competitive reward 

structure 
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Outcomes 

Kozlowski et al. (1999) suggest that each stage of a team’s development should 

result in proximal measures, subordinate to distal outcomes such as performance.  

Similarly, each stage of transactive memory development may influence team 

effectiveness outcomes differently. As the Differentiation stage is concerned with 

structuring memory, understanding interdependencies, and interpersonal interactions, it 

should positively affect team member role clarity and psychological safety (Ilgen et al., 

2005). 

 Role clarity.  In order to manage their responsibilities and direct behavior toward 

individual and team goals, employees must possess a clear and accurate understanding of 

role expectations (Bandura, 1997; Carver & Scheier, 1998). Role clarity reflects the 

extent to which team members clearly understand what is expected of them (King & 

King, 1990) and is congruent with "cognitive representation processes" (Bandura, 1997: 

90) in which individuals picture how their role fits into team interactions and understand 

which behaviors are most appropriate for achieving these goals (Kahn, Wolfe, Quinn, 

Snoek, & Rosenthal, 1964). Role clarity is vital for effective interaction and planning and 

has been significantly linked to work performance (e.g., Jackson & Schuler, 1985) and 

organizational commitment (e.g., Ashforth & Saks, 1996; Bauer & Green, 1998). A lack 

of clarity can lead to misdirected or redundant effort and an inability to anticipate 

teammates’ actions (e.g., Miller & Jablin, 1991).  

 As team members share and request information about each other's domains of 

expertise and develop an understanding of how memory is structured within the team, 
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they should develop a clearer picture of their own role and how it fits into team 

interactions. Previous research (e.g., Ashford, 1986; Ashford & Cummings, 1983; 

Ashford & Tsui, 1991; Brown, Ganesan, & Challagalla, 2001; Morrison, 1993) has 

consistently linked such proactive information seeking to improved role clarity.  Once the 

memory structure and roles are clearly understood, team members will be better able to 

allocate and retrieve information in the later interactions. Therefore, I hypothesize that:  

Hypothesis 7:  Specialization cognitions will be positively related to team role 

clarity 

 Psychological safety. Closely related to interpersonal trust, psychological safety 

has been defined as a sense of confidence that other team members will not “embarrass, 

reject or punish someone for speaking up” and a “shared belief by team members that the 

team is safe for interpersonal risk-taking” (Edmondson, 1999: 354).  Without safety, 

employees may fear that proposing a new idea will lead to being attacked, ridiculed, or 

penalized.  In teams lacking safety, members tend to withhold unique information and 

points of view.  They do not seek help, admit errors or bring up concerns (Edmondson, 

1999). For that reason, psychological safety has been linked to team performance, 

learning and successful adaptation to change (e.g., Emery, Summers & Surak, 1996). 

Psychological safety is associated with the degree of participation of group members and 

facilitates the team’s ability to take appropriate actions to accomplish their task 

(Edmondson, 1999). 

 Ilgen et al. (2005) suggest that psychological safety develops simultaneously with 

transactive memory. As members of teams begin sharing information about their areas of 
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expertise and come to understand their roles in the distributed structure of expertise, they 

gain a sense of how they contribute to team processes. Psychological safety emerges 

through these early interactions between team members, as they reinforce each member’s 

value to the team's mission and the vital role their expertise plays in the team's cognitive 

structure.  Once safety develops, members will be able to confidently engage in future 

opinion and information sharing with the expectation that other members will welcome 

their contribution.  Therefore, I hypothesize that:  

Hypothesis 8: Specialization cognitions will be positively related to team 

psychological safety 

The Integration stage also results in specific outcomes related to the team's shift in 

focus to coordinating efforts towards performance and adaptation (Kozlowski et al., 

1999). Proximal outcomes such as behavioral integration and collective efficacy serve as 

indications of the team’s readiness to execute their tasks (Ilgen et al., 2005).  

 Behavioral integration. Hambrick (1994) proposed the concept of behavioral 

integration to capture the level of a team's collaborative behavior, quality of information 

exchange and emphasis on collective interaction.  This construct reflects the team's 

ability to integrate social and task-related processes and is defined as "the degree to 

which mutual and collective interaction exists within the group" (1994: 188). 

Behaviorally integrated teams develop an organized logic and basis for action which 

manifests itself through the sharing of information, resources, and decisions (Hambrick, 

1998). By encompassing mutually reinforcing social and task related processes, 

behavioral integration offers greater insight into a team's interrelated affective and 
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behavioral assimilation than examining each dimension separately (Siegel & Hambrick, 

1996).  

 Once team members have gained an understanding of roles and dependencies, 

behavioral integration can then develop through collective information exchange between 

team members (Hambrick, 1998). By utilizing their transactive memory system in the 

Integration stage, team members will be able to more effectively synchronize their 

knowledge and actions. The emergence of coordination and credibility of expertise will 

result in both a heightened recognition of effective social and task interactions, and lower 

levels of conflict (e.g., Hackman, 1991; Janz, Colquitt, & Noe, 1997), a primary cause of 

behavioral disintegration (Li & Hambrick, 2005).  Therefore, I hypothesize that: 

Hypothesis 9: a) Coordination and b) credibility cognitions will be positively 

related to team behavioral integration 

 Collective efficacy. Collective efficacy is defined as a groups' shared belief in its 

own ability to organize and execute courses of action (Bandura, 1997). Similar to the 

effects of self-efficacy in individuals, collective efficacy influences group effort and 

persistence toward a goal (Bandura, 1986).  While self-efficacy has been widely studied, 

there has been much less research examining antecedents and consequences of a team's 

collective efficacy (e.g., Chen & Bliese, 2002; Gully, Incalcaterra, Joshi, & Beaubien, 

2002; Zaccarro, Blair, Peterson, & Zazanis, 1995). Though individuals within a team 

hold personal efficacy beliefs, they also hold a separate set of perceptions about the entire 

team's ability to perform and overcome obstacles.  However, the degree to which these 

beliefs are shared will depend in part on the degree of interdependence and coordination 
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within the team (e.g., Gully et al., 2002).  Teams with high levels of knowledge 

interdependence and the ability to effectively coordinate their expertise will feel more 

confident in the team's ability to accomplish its goals. As Zaccaro et al. noted, a team's 

efficacy develops as "a sense of collective competence shared among members when 

allocating, coordinating, and integrating their resources" (1995: 309). While initial 

behaviors designed to develop memory structure are important for setting the stage for 

further interactions, it is the trust and displayed ability to coordinate efforts that leads to a 

team’s faith in its own ability (Gully et al., 2002). Therefore, I hypothesize that: 

Hypothesis 10: a) Coordination and b) credibility cognitions will be positively 

related to team collective efficacy 
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CHAPTER 4 

RESEARCH METHODOLOGY 

Sample 

 Participants included 360 students from several introductory management courses 

who were arrayed into 90 four-person teams.  Teams were randomly assigned to one of 

three reward conditions (i.e., cooperative, competitive, or hybrid), with 30 teams in each 

condition. In exchange for their participation, each participant earned class extra credit 

and was eligible for cash prizes ($160 per team or $40 per person) based on their 

individual or team performance. 

Task 

 Participants engaged in a modified version of the Distributed Dynamic Decision-

making (DDD) Simulation (see Miller, Young, Kleinman, & Serfaty, 1998).  The DDD is 

a computerized, dynamic command and control simulation requiring team members to 

monitor a geographic region and defend it against invasion from unfriendly tracks, which 

are radar representations of enemy forces moving through the region (see Figure 2).  

Depending on which reward structure a team operated under, the objective of the task is 

to maximize the number of individual or team points, which can be accomplished by 

identifying tracks, determining whether they are friendly or unfriendly, and, if unfriendly, 

keeping them out of the restricted zones by engaging them. However, to maximize their 

score, team members must make sure that they do not disable a friendly track or disable 

an unfriendly outside of the restricted zones.  
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FIGURE 2: The DDD Grid, Including Bases, Vehicles, and Targets 

                    

 

 Geographic region.  As shown in Figure 2, the geographic region is partitioned 

into four quadrants of equal size (one per team member).  In the center of the screen is a 4 

x 4 square designated as the "highly restricted zone" which is nested within a larger 12 x 

12 square called the "restricted zone."  Outside the restricted zone is neutral space.   

 Bases and vehicles.  In terms of monitoring the geographic region, each team 

member has a home base of operations located in their quadrant with a detection ring that 

allows them to detect the presence or absence of tracks within its radius.  To detect tracks 

Restricted Zone 

Highly Restricted 
Zone 
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outside of their base's detection ring, team members must rely on their teammates or the 

vehicles located at their base. 

 Each team member was assigned four vehicles to defend the space (i.e., keep 

unfriendly tracks out of restricted areas). There are four different types of vehicles; (a) 

AWACS (surveillance planes), (b) tanks, (c) helicopters, and (d) jets. Assets vary on five 

capabilities: range of vision, speed, duration of operability, identification capacity, and 

power (see Table 1). Capabilities are distributed among the assets so that each has both 

strengths and weaknesses. For example, the AWACS has the greatest range of vision but 

no power to engage unfriendly tracks. Tanks, on the other hand, have the highest level of 

power but their range of vision is small and their speed is slow. While all vehicles can 

detect tracks, only the AWACS planes can identify tracks as friendly or enemy. 

TABLE 1: Summary of Vehicles  

 

Vehicles 

Duration 

(in min.) Speed Vision Power 

Identify 

Targets 
AWACS 6:00 Fast Very far None Yes 

Tank 8:00 Slow Very limited High (5) No 

Helicopter 4:00 Medium Limited Med (3) No 

Jet 2:00 Very fast Far Low (1) No 

Note: For vehicles: duration = amount of time a vehicle may stay away from base 
before refueling, speed = how fast the vehicle travels across the task screen, vision 
refers to the range of vision the vehicle has to see and/or identify targets, power =  the 
ability of the vehicle to engage enemy targets, identify targets = the ability to identify 
the power level and nature of targets.   

 

 Tracks.  When tracks enter a detection ring, they show up as unidentified.  Once 

the track is identified using an AWACS plane, a team member can engage it with a tank, 

helicopter or jet, depending on the power level of the track and the vehicle engaging it. If 
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the vehicle has the correct level of power, the target can be disabled.  In this study, teams 

faced four different types of tracks: E, F, G, H. Each track has either a power of 0 

(friendly), 1, 3, or 5 (see Table 2).   

TABLE 2: Summary of Targets 
 

Power Level Nature Targets (Training) 

 

Targets (Task) 

None (0) Friendly A E 

Low (1) Enemy B H 

Med (3) Enemy C G 

High (5) Enemy D F 

For targets: power = the level of power needed to successfully engage the target for both 
the experimental task and training sessions, nature = whether the target is friendly or 
enemy.  All targets move at the same speed. 
 
Procedure 

 Immediately after entering the laboratory, participants were randomly assigned to 

one of four computer stations (e.g., DM1, DM2, DM3, or DM4) within a four-person 

team.  They then completed a short questionnaire containing the need for cognition 

measure.  As shown in Figure 3, participants were then trained on the declarative and 

procedural knowledge necessary for successful task completion for approximately 30 

minutes. The training describes various aspects of the task, including the location of the 

bases, scoring, the functions of the various rings, the different vehicles, and the tracks. 

Participants then completed a 30-minute training task, where they learned how to launch 

and move vehicles, identify tracks, and attack targets without specific areas of expertise. 

During training, team members possessed very similar and completely overlapping roles 

and responsibilities. Each team member controlled one AWACS plane, one tank, one 
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helicopter, and one jet, and was aware that the A, B, C, and D tracks correspond to power 

0, 1, 3, and 5 (see Table 2), allowing them to perform the task without relying on their 

teammates.  

After training, each team was randomly assigned to one of the three reward 

conditions and performed a 30-minute experimental task with specific areas of expertise. 

For the experimental task, team members’ roles and responsibilities were distinct as each 

team member controlled one type of vehicle and is responsible for information about one 

type of track, which was different than in the training task. For example, DM2 was in 

charge of all four tanks and was the only one who could engage the F tracks (see Table 

2). At the beginning of the experimental task, team members were individually informed 

of the vehicles stationed at their base. They were also individually aware of the power 

level of one track that fell within their roles and responsibilities. 

The team engaged in the experimental task for 10 minutes, after which team 

members completed the transactive memory cognitions, behavioral integration, collective 

efficacy, role clarity and psychological safety measures.  No discussion was allowed 

during this break.  Teams then performed the remaining 20 minutes of the task. The 

manipulation checks, transactive memory cognitions, behavioral integration, collective 

efficacy, role clarity and psychological safety measures were again completed following 

the completion of the second 20-minute period.  Team performance and transactive 

memory behaviors were measured during the entire 30-minute task (see Figure 3).  
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FIGURE 3: Order of Procedures 

 

 

 

 

 

 

Measures 

Transactive memory behaviors. To measure transactive memory behaviors, I 

employed direct measures of verbal behavior based on the team members’ areas of 

expertise (see Ellis, 2006; Hollingshead 1998a; 1998b). Consistent with Ellis (2006), I 

used an additive index (i.e., sum) to represent directory updating, information allocation, 

and retrieval coordination at the team level (Chan, 1998). Directory updating occurs 

when team members share expertise with, or request expertise from, their teammates 

(e.g., “I’m DM2 and I have the tanks” or “Who knows what the E track is?”). Information 

allocation occurs when team members send information to the person with the correct 

track or vehicle specialty (e.g., “DM3, I have several G tracks in my restricted zone”). 

Retrieval coordination occurs when team members request information known to be part 

of someone’s track or vehicle specialty (e.g., “DM3, what is the G track again?”). The 

lead researcher and an experienced graduate student were in charge of coding. To ensure 

that the coding was accurate and consistent, both experimenters participated in a two-

hour training session, which included a review of the construct definitions for each 

dimension as well as the coding of several practice teams. Two experimenters coded 14 
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(16%) of the teams together. Cohen’s (1960) κ provided an index of interrater agreement. 

In this study, κ = .82 for directory updating, κ = .78 for information allocation, and κ = 

.72 for retrieval coordination, which indicated acceptable levels of agreement (see Landis 

& Koch, 1977). The remaining 76 teams were divided between the two experimenters. 

Transactive memory cognitions.  The cognitive manifestations of transactive 

memory were measured using the scale developed by Lewis (2003).  The scale contains 

15 items (5 items per dimension) designed to assess team member specialization (e.g., 

“Different team members are responsible for expertise in different areas”), credibility 

(e.g., “I trusted that other members’ knowledge about the project was credible”), and 

coordination (e.g., “Our team worked together in a well-coordinated fashion”).  Each 

item was scored on a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 

(strongly agree) and aggregated at the team level. For specialization, coefficient alpha 

reached .72, with an ICC(1) = .34 and ICC(2) = .76, supporting aggregation of 

individual-level responses (see Klein et al. 2000). For credibility, coefficient alpha 

reached .72, with an ICC(1) = .31 and ICC(2) = 68.  For coordination, coefficient alpha 

reached .75, with an ICC(1) = .31 and ICC(2) = .74.  

Psychological safety.  A team's psychological safety was measured using items 

from Edmondson's (1999) psychological safety scale. This scale contains five items 

designed to measure a team's feeling of interpersonal trust and willingness to take risks. 

Example items include "If you make a mistake on this team it is often held against you," 

and "Working within this team, my unique skills and talents are valued and utilized." 

Each item was scored on a 5-point Likert-type scale ranging from 1 (strongly disagree) to 
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5 (strongly agree) and aggregated at the team level. For this scale, coefficient alpha 

reached .71, with an ICC(1) = .26 and ICC(2) = .66 justifying aggregation. 

 Role clarity. A team’s role clarity was measured with five items from the Rizzo, 

House, and Lirtzman (1970) scale. This measure has been shown to have strong 

convergent and discriminant validity (Jackson & Schuler, 1985). Example items include 

“I know what my team responsibilities are,” and “I have a clear understanding of what 

has to be done.” Each item was scored on a 5-point Likert-type scale ranging from 1 

(strongly disagree) to 5 (strongly agree) and aggregated at the team level. For this scale, 

coefficient alpha reached .89, with an ICC(1) = .23 and ICC(2) = .69 justifying 

aggregation. 

 Need for cognition.  A team’s need for cognition was measured with the NCS 

short form developed and tested by Cacioppo et al. (1984). This scale contains 18 items 

measuring enjoyment and tendency to engage in effortful cognitive activity (e.g., "I really 

enjoy a task that involves coming up with new solutions to problems"). Studies have 

confirmed the high internal consistency of the scale (see Cacioppo et al., 1996 for a 

review). Each item was scored on a 5-point Likert-type scale ranging from 1 (strongly 

disagree) to 5 (strongly agree) and aggregated at the team level. For this scale, 

coefficient alpha reached .84, with an ICC(1) = .26 and ICC(2) = .68, justifying 

aggregation. 

Behavioral integration. Behavioral integration within a team was measured by 

four items adapted from Li and Hambrick (2005). Sample items include 

"Communications among team members can be best described as open and fluid." Each 



 

 

46 

item was scored on a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 

(strongly agree) and aggregated at the team level. For this scale, coefficient alpha 

reached .80, with an ICC(1) = .29 and ICC(2) = .72,  justifying aggregation. 

 Collective efficacy. A team's efficacy was measured with a seven-item scale 

adapted by Porter (2005) from Riggs and Knight's (1994) collective efficacy scale (e.g., 

“The members of this team have excellent task skills” and “This team is not able to 

perform as well as it should”). Each item was scored on a 5-point Likert-type scale 

ranging from 1 (strongly disagree) to 5 (strongly agree) and aggregated at the team level. 

For this scale, coefficient alpha reached .88, with an ICC(1) = .30 and ICC(2) = .73 

justifying aggregation. 

Manipulations 

 Reward structure. Teams were randomly assigned to one of three conditions. 

“Cooperative” teams operated under a cooperative reward structure, “Competitive” teams 

operated under a competitive reward structure, and "Hybrid" teams operated under a 

reward structure with both cooperative and competitive aspects. Teams with a 

cooperative reward structure were told that teams with the highest overall combined 

offensive and defensive score would receive a reward of $160, with the members sharing 

equally in the reward regardless of their individual contribution. Teams that operated 

under a competitive reward structure were told that top performing individuals would 

receive a reward of $40, regardless of how well the team performs as a whole. Teams that 

operated under a hybrid reward structure were told that their opportunity to win a cash 
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prize would be based on a combination of their individual offensive score and the team's 

defensive score, with the best individuals receiving a reward of $40.   
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CHAPTER 5  

RESULTS 

Manipulation Checks 

To examine the effectiveness of the reward manipulations, participants completed 

the three item competitive orientation scale (e.g., " During the task my teammates and I 

all had very different priorities”) and three item cooperative scale (e.g., " During the task 

my teammates and I worked together to improve all our scores") both adapted from 

Beersma et al. (2003).  Participants responded to each item on a scale from 1 (Not at all 

true) to 5 (Very true).  The competitive orientation scale evidenced a coefficient alpha of 

.77, while the cooperative scale had an alpha of .72.  Team members in the competitive 

condition (M = 2.76, SD = .68) reported higher levels of competitive orientation than 

team members in the cooperative ((M = 2.57, SD = .68); t(236) = -2.17, p < .05) or 

hybrid ((M = 2.53, SD = .69); t(236) = -2.54, p < .05) conditions.  There was no 

significant difference between the hybrid and cooperative team members in their 

competitive orientation (t(237) = .38, ns).  Similarly, team members in the competitive 

condition (M = 3.65, SD = .75) reported lower levels of cooperative orientation than 

members of teams in the cooperative ((M = 3.97, SD = .67); t(235) = 2.76, p < .01) or 

hybrid ((M = 3.86, SD = .69); t(236) = 2.24, p < .05) conditions. While the cooperative 

orientation was slightly higher for participants in the cooperative condition than the 

hybrid condition, the difference was non significant (t(237) = 1.55, ns). 

Together, these results were consistent with previous studies linking reward 

structure to team members’ cooperative or competitive orientation.  One result from these 
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manipulations checks that deserves further elaboration is the relative levels of 

competitive and cooperative orientations.  The mean response for teams’ cooperative 

orientation is about a full point higher than their competitive orientation, regardless of 

condition.  This contrast mirrors the findings of Beersma et al. (2003), and reflects the 

influence of the shared team identity of the members. Even in competitive reward 

conditions, team members still think of themselves as a team and tend to view the team 

task as a cooperative exercise. The effects of competitive reward structure act to reduce 

the cooperative orientation, not eliminate it. 

Tests of Hypotheses 

In order to test this model, I first used path analysis to examine the specific 

relationships between transactive memory behaviors and cognitions, as well as paths to 

the outcomes of each stage of development. I then tested the effects of reward structure 

on transactive memory using ANOVA.  Based on those results, I then conducted 

additional analyses to uncover relationships that were masked by the experimental 

conditions, and to more closely examine variables for which the hypothesized 

relationships were not significant. 

Path analysis was performed using EQS 6.1. Means, standard deviations, and 

intercorrelations among all the variables in the study are included in Table 3.  Path beta 

weights are presented in Figure 4. 
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TABLE 3: Means, Standard Deviations, and Intercorrelations Among Variables of 
Interest 

 

 

 Variable Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. Directory Updating (Diff) 11.75 3.62 --              

2. Specialization (Diff) 4.11 .35 .06 --             

3. Credibility (Diff) 4.19 .37 -.12 .30** --            

4. Coordination (Diff) 3.82 .44 -.01 .12 .65** --           

5. Role Clarity (Diff) 4.13 .33 -.05 .42** .37** .24* --          

6. Psychological Safety 
(Diff) 

3.87 .30 -.06 .36** .74** .58** .42** --         

7. Information Allocation 
(Int) 

2.72 1.77 .07 .12 .03 .26* .10 .10 --        

8. Retrieval Coordination 
(Int) 

.61 .80 .17 .05 -.23* -.13 -.11 -.15 .32** --       

9. Specialization (Int) 4.00 .24 -.02 .59** .10 -.11 .24* .19 .08 -.01 --      

10. Credibility (Int) 3.94 .27 -.19 .42** .26* .14 .31** .20 .05 -.17 .53** --     

11. Coordination (Int) 3.54 .47 -.08 .07 .18 .49** .13 .21* .49** .13 .41** .28* --    

12. Behavioral Integration 
(Int) 

3.65 .45 .03 .12 .14 .31** .41** .31** .19 .06 .12 .24* .38** --   

13. Collective Efficacy (Int) 3.30 .45 -.05 .01 .44** .52** .32** .49** .18 -.08 .01 .20 .44** .66** --  

14. Need for Cognition 3.43 .24 .27** .30** .22* .21* .37** .18 .04 -.20 .01 .27** .09 .01 .02 -- 

 
 

FIGURE 4: Path Analytic Results for Full Model and Complete Data Set 
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Given the size of the sample, I followed researchers’ recommendations (see Hoyle 

& Panter, 1995) and evaluated model fit using the chi-square, standardized root mean 

square residual (SRMR), Incremental Fit Index (IFI), and the Comparative Fit Index 

(CFI). Other indices (e.g., Goodness of- Fit Index, Adjusted Goodness-of-Fit Index, 

Normed Fit Index, Akaike Information Criterion) were not used because they tend to 

behave erratically and are less robust when sample sizes are small (see Hu & Bentler, 

1995). As shown in Table 4, the overall model had a χ2
(32) = 208.53, p < .01; CFI = .35; 

IFI = .38; and SRMR = .19,  indicating that the overall model demonstrated a poor fit.  

TABLE 4: Fit Indices for Tested Models 

 
 
 
 

 

 

 

 

The model proposed that within each stage transactive memory behaviors would 

lead to specific cognitive dimensions, which would in turn lead to specific behaviors and 

cognitions in the subsequent stage.  In the first stage, Differentiation, directory updating 

behaviors were hypothesized to positively affect the development of specialization 

cognitions. As shown in Figure 4, directory updating was not significantly correlated with 

specialization cognitions (γ = .06, ns).  Therefore, Hypothesis 1 was unsupported. 

Specialization cognitions in the Differentiation stage were then expected to positively 

 Model Chi 
square 

(df) 

Chi 
square 
statistic 

CFI IFI RMSR 

Full Model, Complete Data Set 32 208.53** .35 .38 .19 

Full Model, Reduced Data Set 32 125.77** .32 .39 .17 

Reduced Model, Reduced Data Set 15 70.23** .68 .75 .15 

Mediated Model, Reduced Data Set 3 16.06** .91 .92 .07 
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affect information allocation and retrieval coordination in the Integration stage. As shown 

in Figure 4, specialization cognitions were not significantly related to information 

allocation (β = .12, ns) or retrieval coordination (β = .05, ns).  Therefore, Hypothesis 2 

was unsupported. 

In the Integration stage, Hypothesis 3 proposed that information allocation in the 

Integration stage would positively affect credibility and coordination cognitions. As 

shown in Figure 4, information allocation was not significantly related to credibility (β = 

.11, ns), but was significantly related to coordination (β = .50, p < .01), partially 

supporting Hypothesis 3. Similarly, retrieval coordination in the Integration stage was 

expected to positively affect credibility and coordination cognitions. As shown in Figure 

4, retrieval coordination was not significantly related to either credibility (β = -.03, ns) or 

coordination (β = -.03, ns).  Therefore, Hypothesis 4 was unsupported. 

Regarding the outcomes of the Differentiation stage of development, I proposed 

that specialization cognitions would be positively related to both role clarity and 

psychological safety. As shown in Figure 4, specialization cognitions were positively 

related to role clarity (β = .42, p < .01) and psychological safety (β = .25, p < .05). 

Therefore, Hypotheses 7 and 8 were supported. 

In the Integration stage, I proposed that coordination and credibility cognitions 

would be positively related to team behavioral integration and collective efficacy. As 

shown in Figure 4, coordination cognitions were positively related to behavioral 

integration (β = .34, p < .01) and collective efficacy (β = .42, p < .01), explaining 14% 

and 19% of their respective variance. However, credibility was not related to either 
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behavioral integration (β = .16, ns) or collective efficacy (β = .09, ns). Therefore, 

Hypotheses 9 and 10 were partially supported. 

Regarding the proposed antecedents of transactive memory development, need for 

cognition was hypothesized to positively affect directory updating behaviors and 

specialization cognitions in the Differentiation stage. As shown in Figure 4, need for 

cognition significantly affected directory updating behaviors (γ = .25, p < .05) and 

specialization cognitions (γ =.34, p < .01) in the Differentiation stage. Therefore, 

Hypothesis 5 was supported. For the Integration stage, teams operating under cooperative 

and hybrid reward structures were hypothesized to evidence higher levels of information 

allocation behaviors and coordination cognitions compared to teams operating under a 

competitive reward structure.  To test Hypothesis 6, I conducted an ANOVA comparing 

the competitive reward condition with the cooperative and hybrid. As there were no 

significant differences between the hybrid and cooperative conditions in terms of 

information allocation (Hybrid: M = 3.63, SD = 1.42; Cooperative: M = 3.43, SD = 1.58; 

F(1,87) = .82, ns) or coordination (Hybrid: M = 3.73, SD = .46; Cooperative: M = 3.73, 

SD = .43; F(1,87) = 0.00, ns), these conditions were combined for comparison with the 

competitive structure.  Results indicated that the competitive reward structure resulted in 

significantly lower levels of information allocation (M = 1.20, SD = 1.22; F(1,88) = 52.2, 

p < .01) and coordination (M = 3.15, SD = .37; F(1,88) = 44.46, p < .01) in the 

Integration stage. Therefore Hypotheses 6 was supported. 
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Additional Analysis of Reward Effects 

Since the effects of the reward structure manipulation on informational allocation 

and coordination in the Integration stage were so strong, I conducted an additional 

ANOVA comparing the competitive rewards condition with the cooperative and hybrid 

conditions for other variables of interest. Results indicated that along with information 

allocation and coordination in the Integration stage, the competitive condition resulted in 

significantly lower levels of retrieval coordination in the Integration stage (M = .33, SD = 

.54) than the other two conditions (M = .75, SD = .88), (F(1,88) = 5.67, p < .05).  

From Hypotheses 2 through 4, these three key transactive memory development 

variables failed to exhibit the expected relationships. Because the effects of the reward 

conditions on the variables of information were robust, I believe that many of the 

developmental relationships between variables were masked by the suppression of 

transactive memory in the competitive structure, so I retested all the hypotheses (except 

6) using only the 60 teams from the cooperative and hybrid reward structures. 

Tests of Hypotheses with Reduced Data Set 

Means, standard deviations, and intercorrelations among all the variables in the 

reduced data set are included in Table 5.  Path beta weights are presented in Figure 5. As 

shown in Table 4, the overall model from the reduced data set had a χ2
(45) = 125.77, p < 

.01; CFI = .32; IFI = .39; and SRMR = .17,  indicating that the overall model continued to 

demonstrated a poor fit.  
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TABLE 5: Means, Standard Deviations, and Intercorrelations Among Variables of 
Interest for Reduced Data Set 

 

 Variable Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. Directory Updating (Diff) 11.98 3.58 --              

2. Specialization (Diff) 4.05 .35 .01 --             

3. Credibility (Diff) 4.20 .35 -.22 .27** --            

4. Coordination (Diff) 3.96 .30 -.13 .12 .64** --           

5. Role Clarity (Diff) 4.13 .36 -.04 .33* .36** .23 --          

6. Psychological Safety 
(Diff) 

3.89 .28 -.20 .30* .74** .57** .46** --         

7. Information Allocation 
(Int) 

3.48 1.50 .02 .30* .07 .01 .19 .16 --        

8. Retrieval Coordination 
(Int) 

1.41 .71 .10 -.02 -.28 -.16 -.06 -.19 .48** --       

9. Specialization (Int) 3.98 .24 -.10 .64** .08 .11 .25 .20 .31* .20 --      

10. Credibility (Int) 3.87 .26 -.23 .36** .22 .15 .22 .16 .27* -.03 .63** --     

11. Coordination (Int) 3.73 .36 -.08 .28* .12 29* .17 .19 .36** .01 .55** .52** --    

12. Behavioral Integration 
(Int) 

3.71 .43 .10 .08 .01 .24 .38** .26* .20 .14 .13 .14 .29* --   

13. Collective Efficacy (Int) 3.38 .45 -.04 -.06 .32* .35** .32* .42** .09 .03 .06 .09 .31* .68** --  

14. Need for Cognition 3.41 .24 .24* .27* .20 .21 .37** .27* .24 -.09 .23 .28* .07 .03 -.03 -- 

 

 
FIGURE 5: Path Analytic Results for Full Model with Reduced Data Set 

 

 

 

 

 

 

 

 

 

 

The model proposed that in the Differentiation stage, directory updating behaviors 

would positively affect the development of specialization cognitions. As shown in Figure 

5, directory updating was not significantly correlated with specialization cognitions (γ = 
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.01, ns).  Therefore, Hypothesis 1 remained unsupported. Specialization cognitions in the 

Differentiation stage were then expected to positively affect information allocation and 

retrieval coordination in the Integration stage. As shown in Figure 5, specialization 

cognitions were now significantly related to information allocation (β = .30, p < .05), but 

not retrieval coordination (β = .05, ns).  Therefore, Hypothesis 2 was partially supported. 

In the Integration stage, Hypothesis 3 proposed that information allocation in the 

Integration stage would positively affect credibility and coordination cognitions. As 

shown in Figure 5, information allocation was significantly related to credibility (β = .31, 

p < .05) and coordination (β = .37, p < .01), providing support for Hypothesis 3. 

Similarly, retrieval coordination was expected to positively affect credibility and 

coordination cognitions. As shown in Figure 5, retrieval coordination was not 

significantly related to credibility (β = -.03, ns) or coordination (β = -.03, ns).  Therefore, 

Hypothesis 4 was unsupported.  

Regarding the proposed antecedents of transactive memory development, need for 

cognition was hypothesized to positively affect directory updating behaviors and 

specialization cognitions in the Differentiation stage. As shown in Figure 5, need for 

cognition significantly affected directory updating behaviors (γ = .23, p < .05) and 

specialization cognitions (γ =.28, p < .05) in the Differentiation stage. Therefore, 

Hypothesis 5 was supported. 

Regarding the outcomes of the Differentiation stage of development, I proposed 

that specialization cognitions would be positively related to role clarity and psychological 

safety. As shown in Figure 5, specialization cognitions were positively related to role 



 

 

57 

clarity (β = .33, p < .05) and psychological safety (β = .30, p < .05). Therefore, 

Hypotheses 7 and 8 were supported. 

In the Integration stage, I proposed that coordination and credibility cognitions 

would be positively related to team behavioral integration and collective efficacy. As 

shown in Figure 5, coordination cognitions were positively related to behavioral 

integration (β = .29, p < .05) and collective efficacy (β = .36, p < .01), explaining 8% and 

10% of their respective variance. However, credibility was not related to either 

behavioral integration (β = .01, ns) or collective efficacy (β = -.09, ns). Therefore, 

Hypotheses 9 and 10 were partially supported. 

 Because a large number of proposed paths were non-significant, I explored the 

possibility of testing a more parsimonious model which focuses on the significant 

relationships between variables of interest.  The resulting model with path weights is 

shown in Figure 6. 

FIGURE 6: Path Analytic Results for Reduced Model with Reduced Data Set 
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As shown in Table 4, this reduced model had a χ2
(15) = 70.23, p < .01; CFI = .68; 

IFI = .75; and SRMR = .15, indicating that the reduced model demonstrated a better, but 

still poor, fit.  

Mediation Analyses 

While the model (see Figure 1) suggests that information allocation partially 

mediates the effects of specialization in the Differentiation stage on coordination and 

credibility in the Integration stage, it was not formally hypothesized.  Therefore, based on 

the relationships found in testing Hypotheses 2 and 3 in the reduced data set, I conducted 

additional analyses to test the possible partial mediating role of information allocation in 

explaining the effects of specialization on coordination and credibility. As described in 

Baron and Kenny (1986), several steps are necessary to demonstrate mediation. First, the 

independent variable must significantly predict the dependant variables. As shown in 

Table 5, specialization in the Differentiation stage significantly predicted coordination (r 

= .28, p < .05) and credibility (r = .36, p < .05) in the Integration stage. Second, the 

independent variable must significantly predict the mediator. As shown in Table 5, 

specialization in the Differentiation stage was positively related information allocation 

behaviors in the Integration stage (r = .30, p < .05), satisfying the second requirement. 

Third, in the presence of the mediating variable, the relationship between the independent 

and dependent variables must become significantly reduced (Baron & Kenny, 1986; 

Kenny, Kashy, & Bolger, 1998). Using Sobel’s (1982) test, in the presence of 

information allocation behaviors, the effects of specialization on coordination was 

significantly reduced (Z = 1.98, p < .05), but not the effects on credibility (Z = 1.16, ns).  
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Therefore, the partial mediating role of information allocation in explaining the effects of 

specialization on coordination was supported. 

Based on the preceding mediation tests, I then focused the path analysis more 

narrowly to test the path from specialization to information allocation to coordination.  

The path analytic results indicated that the indirect path was significant (β = .36, p < .05) 

with all indices falling within acceptable ranges (CFI = .91, IFI = .92, and SRMR = .07; 

see Table 4). In addition, delta chi-square comparing the hypothesized model with the 

unmediated model indicated a significantly better fit (∆χ2(2) = 13.28, p < .01) for the 

mediated model.  

Additional Analyses 

While there is little support for the overall model as hypothesized, there is some 

evidence for the temporal progression of cognition and behaviors over two stages. In 

order to provide additional support for the contention that each stage (i.e., Differentiation 

and Integration) was associated with unique behaviors, cognitive development and 

outcomes, I compared the mean levels of each construct of interest for both stages.  As 

shown in Table 6, directory updating behaviors occurred primarily in the Differentiation 

stage (t(59) = 12.01, p < .01), while information allocation and retrieval coordination 

occurred at significantly higher levels in the Integration stage (t(59)  = 4.68, p < .01; t(59)  = 

2.87, p < .01). Also consistent with the model, the level of specialization did not change 

significantly between stages (t(59) = 1.69, ns), while the degree of coordination (t(59)  = 

3.78, p < .01) and credibility (t(59)  = 5.44, p < .01) were both significantly lower in the 

Integration stage. These results suggest that transactive memory behaviors do tend to 
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occur in specific stages and that specialization perceptions more fully develop earlier than 

coordination and credibility, which require extended interactions. 

TABLE 6: Means of Variables of Interest in Each Development Stage 

 
 

 

 

 

 

 

However, given the early occurrence of directory updating, the lack of 

relationship between directory updating behaviors and specialization cognitions in the 

Differentiation stage was unexpected. It is also unexpected that directory updating 

behaviors would have a negative (though not significant) relationship with credibility, 

coordination and psychological safety (see Table 5).  These results suggest that at high 

levels directory updating may have a negative relationship with effective team 

functioning.  Therefore, to investigate the potential for a non-linear effect for directory 

updating, I performed a series of exploratory analyses. 

First, I tested the possibility of a curvilinear effect on specialization by adding the 

square of directory updating to a regression. The results of the squared term were also 

non-significant (β = .13, ns).  Since the minimum number of directory updating behaviors 

necessary to reveal all team member’ areas of expertise is 8 (each of the 4 team members 

possessed one vehicle and one piece of target information), I then tested directory 

 Differentiation Integration 

Directory Updating 11.98 2.84 

Information Allocation 1.63 3.48 

Retrieval Coordination .23 1.41 

Specialization 4.05 3.98 

Credibility 4.20 3.87 

Coordination 3.96 3.73 

Role Clarity 4.13 4.12 

Psychological Safety 3.89 3.80 

Behavioral Integration 3.84 3.71 

Collective Efficacy 3.65 3.38 
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updating multiple times as step functions using different valuations around a base of 8.  

All permutations were non significant (the highest r = .02, ns).  I also tested the 

possibility of an inverted U, where teams displaying between 6 and 10 directory updating 

behaviors were coded as a 1 and all other responses as -1.  The relationship was slightly 

stronger (r = .06), but still non-significant.  I tested several variations of this model, each 

with similar or weaker results. 

Finally, I explored the possibility that directory updating behaviors were not 

normally distributed.  First, I examined the frequency histogram. As shown in Figure 7, 

the distribution of directory updating behaviors appears to conform to the assumption of 

normality.  Next, I calculated the Shapiro-Wilk statistic (Shapiro & Wilk, 1965), which 

tests whether a sample is from a normally distributed population.  For directory updating 

behaviors, W(60) = .98, p = .43, rejecting the hypothesis that these data are not from a 

normal distribution. Together, these analyses support the assumption of normality. 

FIGURE 7: Distribution of Directory Updating Behaviors in the Differentiation Stage 
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I also tested information allocation and retrieval coordination for normality.  

While information allocation appears to be close to normal, W(60) = .95, p > .05, retrieval 

coordination does not W(60) = .78, p < .01.  Therefore, I transformed retrieval 

coordination using the square root of the count and examined its hypothesized 

relationships with specialization, coordination and credibility.  While the relationship 

with specialization became slightly stronger (r = .23), it was still not significant.  The 

correlations with coordination and credibility remained essentially unchanged. 

In contrast to the significant relationships between coordination and its 

hypothesized antecedents and outcomes, credibility did not exhibit any of the 

hypothesized relationships.  One explanation might lie in the focus of this study on the 

early stages of team interaction.  As shown in Table 6, credibility was very high initially 

in the Differentiation stage (M = 4.20 out of 5), with a relatively low standard deviation 

(SD = .35).  Though the mean level of credibility dropped as the team gained some 

experience working together, the level remained very high (M = 3.87) and the standard 

deviation became even smaller (SD = .26).  This skewing and low variance may explain 

the lack of significant relationships with credibility and behavioral integration and 

collective efficacy. 

I also examined the findings related to need for cognition more closely.  Although 

researchers (e.g., Cacioppo et al., 1996) have found that general intelligence, “g,” is not 

significantly related to need for cognition, similar arguments may be made for the effects 

of intelligence on information seeking behaviors in the Differentiation stage.  Using team 

member SAT scores as a proxy for g (e.g., Foti & Hauenstein, 2007), I examined its 
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relationship with need for cognition, as well as the other behaviors and cognitive states in 

this study.  Results indicated that need for cognition and g were not significantly related 

(r = .08), nor was g related to any of the variables of interest in this study.  Although it is 

possible that more intelligent teams may be better able to coordinate expertise, such 

results may have been suppressed by random assignment or by the restricted range of the 

SAT scores (M = 1153, SD = 64), with all team scores falling between 1050 and 1233.  

Because of the lack of findings, I did not include g in the analyses as a control variable.     
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CHAPTER 6 

DISCUSSION 

Transactive memory has gained significant attention in the organizational 

literature as it promises to provide an avenue for understanding how teams of diverse 

experts can integrate their knowledge to perform complex tasks (e.g., Hollingshead, 

2001; Ilgen et al., 2005; Lewis, 2003).  However, we still know very little about the 

construct itself.  Thus far, attempts to examine transactive memory in groups and teams 

have focused narrowly on either the social psychological view, studying the construct 

through team member behaviors, or the organizational management perspective, 

examining its cognitive manifestations. However, no research has attempted to bridge 

these views to better understand the emergence of transactive memory through the 

relationships between behaviors and cognitive states. 

Therefore, the primary purpose of this study was to propose and test a model of 

transactive memory development that integrates the behavioral and cognitive approaches.  

Drawing on transactive memory theory, Ilgen et al.’s (2005) IMOI model of mediating 

states, and Kozlowski et al.’s (1999) theory of team compilation, I tested a two-stage 

model in which the cognitive dimensions of transactive memory emerge through specific 

transactive memory behaviors. While results failed to support the model as a whole, some 

evidence supports the presence of two stages of transactive memory emergence and the 

order of development between behaviors and cognitive dimensions.  Additionally, results 

support the view that the three dimensions of transactive memory cognition are not 
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simply latent manifestations of an underlying construct. Finally, transactive memory 

behaviors mediated some relationships between cognitive dimensions.  

A second purpose of this study was to identify individual and organizational 

factors that influence the developmental process at each stage.  Specifically, I proposed 

that team members' need for cognition, or tendency to carry out and enjoy effortful 

cognitive activities, would positively affect the degree to which they engage in directory 

updating behaviors in the Differentiation stage, and that team reward structure would 

influence information allocation and coordination in the Integration stage.  Results 

supported these hypotheses. Need for cognition positively affected both directory 

updating behaviors and specialization development in the Differentiation stage and 

cooperative and hybrid rewards lead to significantly higher levels of information 

allocation and coordination in the Integration stage compared to competitive structures.   

A final purpose was to identify outcomes of each stage of transactive memory 

development.  Results partially supported the hypotheses.  In the Differentiation stage, 

specialization was related to both role clarity and psychological safety.  In the Integration 

stage, coordination was significantly related to both behavioral integration and collective 

efficacy. 

Theoretical Implications 

The non-significant relationships and poor overall fit of the model raise a number 

of questions about the theoretical arguments and methodological approaches in this study.  

While the peripheral hypotheses in the model held up well, particularly those related to 

relationships with the antecedents and outcomes of each stage, the core of the model and 
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its primary focus fell short. Specifically, I found little support for the proposition that the 

development of specialization would emerge from domain related communications and in 

turn influence the exchange of expertise.  Only information allocation played its expected 

role.  While there are a number of possible methodological explanations, which I detail in 

the limitations, it is also possible that transactive memory behaviors and cognitions do 

not coexist in the manner I specified.  For example, directory updating, as described by 

Wegner and others, may not act to explicate the boundaries of team member expertise.  It 

may be that only specific facets of the construct serve that role, or that detailed 

knowledge of member domains emerges over time through both formal and informal 

communications between members.   

Regarding the transactional behaviors that emerge from the development of the 

team’s memory structure, there are significant concerns regarding the degree of overlap 

between behaviors and cognitions. For example, while information allocation was found 

to lead to the recognition of expertise coordination, it is unclear if that behavior is how 

expertise is generally coordinated or whether this dependence is an artifact of the 

experimental design. Although it failed to evidence a relationship with coordination in 

this study, in organizational teams where sub-tasks are performed separately, retrieval 

coordination may actually be the primary mechanism for integrating expertise.  

However, this study does provide evidence that both the behavioral and cognitive 

dimensions of transactive memory are aggregate rather than latent contracts, as originally 

suggested by Wegner (1987). As expected, transactive memory behaviors do not each 

reflect the manifestation of transactive memory and occur at different points in a team’s 
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development.  Specifically, directory updating occurred much earlier than either 

information allocation or retrieval coordination.  For the cognitive dimensions, the 

uniqueness of the three dimensions was demonstrated by both the timing of their 

emergence and their disparate relationships with other variables. For example, 

specialization both preceded and influenced the subsequent development of coordination 

and credibility.  Also, in the Differentiation stage, specialization was related to 

credibility, but not to coordination; only in the Integration stage were all three dimensions 

intercorrelated.  Providing further evidence, each of the dimensions was affected by 

different antecedents. Need for cognition only influenced specialization in the 

Differentiation stage, while reward structure only influenced coordination in the 

Integration stage. Similarly, each dimension was related to different stage outcomes.  For 

example, coordination was the only dimension related to either behavioral integration or 

collective efficacy in the Integration stage.  These results are more consistent with an 

aggregate view, in which constructs exist at the same level as their dimensions and are 

viewed as an algebraic composite of the dimensions.  This is an important distinction 

when examining the effects of transactive memory cognitions on emergent states and 

process, as it may be more appropriate for researchers to focus attention on specific 

dimensions of interest rather than the construct as a whole. 

These results also have implications for placing transactive memory within extant 

models of team process and performance. Marks, Mathieu, and Zaccaro’s (2001) 

recurring phase model of team processes proposes that team action processes transform 

team inputs into outputs during repeated cycles of performance and transitional episodes, 
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eventually influencing distal outcomes such as performance.  This model expressly omits 

emergent cognitive states, suggesting that they serve as inputs and proximal outcomes but 

“do not represent team interaction or team actions that lead towards outcomes” and “are 

not processes in and of themselves, because they do not describe the nature of member 

interaction” (2001: 358).  Because it exists as both a behavior and emergent state, the 

potential place for transactive memory within such a model is unclear. Behaviors such as 

information allocation and retrieval coordination fit into Marks et al.’s model as an action 

process, as they serve to assist team members in performing their tasks, while the 

cognitive dimensions do not.  Additionally, unlike other action processes such as team 

monitoring or backing up behavior, transactive memory behaviors such as information 

allocation must be preceded by the emergence of a cognitive state (specialization). Such 

complex dependencies belie the simple taxonomy proposed by Marks et al. and raise 

questions about its theoretical breadth. 

The multifaceted view of transactive memory presented in this study fits better 

within Ilgen et al.’s (2005) IMOI model of team performance, in which Ilgen and his co-

authors argue that mediating states and processes collectively serve the same role in 

explaining the conversion of inputs into team outputs through cycles of development.  

Supporting Ilgen et al.’s model, transactive memory behaviors and cognitions in this 

study developed in tandem with other key developmental states such as psychological 

safety and role clarity, and lead to the emergence of collective efficacy and behavioral 

integration through repeated interaction.     
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The relationships between specific transactive memory dimensions and stage 

outcomes may also have implications for understanding the role of transactive memory in 

team learning and adaptation.  For example, psychological safety has been identified as a 

critical team learning state (Edmondson, 1990), as team members who feel safe are 

unafraid to admit errors, allowing the team as a whole to benefit from their experience. 

Coupled with the information processing structure implicit in transactive memory 

development, teams that effectively utilize their distributed expertise may also be better 

able to collectively learn and apply new information (e.g., Burke, Stagl, Salas, Pierce & 

Kendall, 2006; Reagans, Argote & Brooks, 2005).  In cases when teams must adapt to 

communication losses or staffing shortages, however, the relationship between 

specialization and role clarity suggests a darker alternative in which teams which rely on 

implicit coordination mechanisms may be less capable of successfully adapting (e.g., 

Rico, Sanchez-Manzanares, & Gibson, 2008). The role identity associated with well 

defined memory structures may lead team members to focus too closely on their own 

responsibilities and fail to take note and respond to demands being neglected by missing 

or unreachable team members. In such cases, a strong degree of specialization may 

actually hinder team performance. 

Finally, this study adds to the literature on rewards structures in teams.  Previous 

research has focused on the tradeoffs between cooperative and competitive structures 

(e.g., Beersma et al., 2003; Ezzamel &Willmott, 1998), finding that cooperative 

incentives benefit interdependent team performance through a willingness to share 

information with teammates (Johnson et al., 2006).  This study more fully explores the 
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effects of rewards structure on team member motivation and interaction by examining the 

effects on information allocation.  Information allocation differs from a simple 

willingness to make information available as it requires both an awareness of other team 

members’ specific domains of knowledge and an active assignment of information to the 

team member that can best use it.  Cooperatively oriented rewards do more than motivate 

members to attend to their team duties (Chen & Kanfer, 2006); they also foster an active 

understanding of team knowledge structures and the provision of specific help to other 

team members who can best contribute to team goals. 

Managerial Implications 

By explicating two distinct stages of transactive memory development, these 

findings provide managers with guidelines to identify the points at which certain 

interventions are best applied.  For example, certain types of skills training or leader 

briefings may be most beneficial before team members begin working together and 

specialization has emerged with roles becoming fixed (e.g., Marks, Zaccaro & Mathieu, 

2000).  Similarly, strategy and planning sessions (e.g., Mathieu & Schulze, 2006) may 

only be useful once team members fully comprehend the structure of the team’s 

transactive memory and can use that understanding to more effectively utilize their 

expertise.  

Second, understanding how transactive memory develops within the team allows 

managers to better compose and structure teams to maximize the potential benefits of 

transactive memory processes in development and, ultimately, performance.  These 

findings identify factors that can be manipulated to influence transactive memory 
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development in different stages. For example, teams composed of members who are high 

in need for cognition evidenced higher levels of specialization in the Differentiation stage 

and higher levels of credibility in the Integration stage.  For teams relying on high levels 

of memory differentiation, staffing teams with greater levels of this need may enhance 

performance.  

The findings regarding reward structure are even more promising, and more easily 

applied.  In this study, cooperative and hybrid rewards resulted in significantly higher 

levels of transactive memory coordination and information allocation, suggesting that 

competitive structures may be disastrous for interdependent teams relying on distributed 

expertise.  However, hybrid structures, in which team members are rewarded for both 

their individual contributions and the team’s overall performance, were just as effective 

at encouraging transactive memory development as simple cooperative plans.  Since 

hybrid rewards may also benefit teams by reducing social loafing (e.g., Johnson et al., 

2006) and increasing fairness perceptions (e.g., Wageman, 1995), the utilization of such 

structures may provide multiple benefits to team development and viability. 

Finally, these results help provide a framework for assessing teams with poor 

performance.  When team members are unable to perform effectively, it may be 

otherwise difficult to pinpoint when the root cause occurred.  This model suggests that if 

the team’s differentiated memory is not effectively utilized it may not simply be due to a 

lack of trust between team members or barriers to team communication, but rather a 

failure of the team to adequately update their directories and understand the team's initial 

memory structure in the Differentiation stage.  
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Limitations and Directions for Future Research 

There are also a number of limitations to this research. First, the teams addressed 

by this model are most similar to self-managed action or project teams, where members 

are brought together for a relatively short period of time and possess distinct areas of 

expertise. Examples of such teams include surgery teams, rescue units, cockpit crews, 

military units, engineering teams, and programming teams (see Sundstrom, 1999).  While 

Sundstrom notes that these types of teams are increasingly common, transactive memory 

may develop differently in teams with different degrees of expertise differentiation or 

interdependence. For example, in teams with redundant or overlapping areas of expertise, 

domain identification behaviors would need to be more repetitive and in-depth as team 

members must fully understand where the boundaries of each member's domain lie. 

Information sharing behaviors would then need to be addressed to multiple team 

members who possess related areas of knowledge to ensure the correct information is 

stored and able to be retrieved.  Such redundancy of effort may lead to increased errors 

and reduce effective communications. However, the slack resources within such teams 

may buffer the potentially negative effects of resource shortages. Future research would 

benefit from examining the potential benefits and hindrances of team structure to 

transactive memory development. 

For many types of teams, transactive memory development may not be necessary, 

or even beneficial.  For example, creative teams which capitalize on informational and 

experiential diversity rather than stratified domains of expertise may actually be 

constrained in their ability to build on, combine and critically improve each other’s ideas 
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through open interaction (Amabile, Conti, Coon, Lazenby, & Herron, 1996).  

Additionally, many organizational “teams” are such in name only, lacking task and goal 

interdependence, and are considered collectives primarily for structural and supervisory 

purposes (e.g., departments).  In such groups, members may never need to access each 

other’s areas of knowledge. However, researchers have suggested that a form of 

transactive memory may exist at the organizational level (Brandon & Hollingshead, 

2004), in which employees who do not work closely together may still utilize their 

knowledge of the areas of expertise of co-workers in different functional areas to 

streamline organizational controls, and increase divisional capabilities by accessing 

external linkages (e.g., Jansen, Van Den Bosch, & Volberda, 2005).  

Second, this study focuses on the initial development of transactive memory 

through early team interactions. A transactive system may develop more fully, and allow 

for eventual transfer to other tasks, as teams engage in multiple performance and 

feedback cycles (Lewis et al., 2005).  Additionally, in more mature teams, directory 

updating behaviors should be rarer and specialization perceptions relatively static.  

However, it is unclear whether perceptions of coordination and credibility become fixed 

early in a team’s development, or are based on proximal experiences and continuously 

evolve. Credibility in particular may be highly dependant on consistency, and violations 

of competence-based trust related to team member expertise may have even greater 

implications for teams with longer tenure.  Future research would benefit from examining 

the implications to the team’s transactive memory system from errors in expertise related 
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communication, and identifying strategies to recover credibility when such a violation 

occurs (e.g., Kim, Dirks, Cooper, & Ferrin, 2006).   

This study also relies on teams with stable membership.  Teams with changing 

membership through turnover may need to reallocate responsibility for information as 

new members join, or deal with the loss of previously stored knowledge when members 

leave. A potential avenue for future research lies in examining whether and how the 

teams with distributed expertise “redevelop” a new transactive memory system, or 

whether team members’ attempt to shoehorn new members into existing structures (e.g., 

Lewis, Belliveau, Herndon & Keller, 2007).  

Fourth, the lack of relationship between directory updating and specialization, 

retrieval coordination and credibility, and credibility and behavioral integration/collective 

efficacy raises questions about the utility of the experimental procedures in examining 

information exchange and trust development.  Because the areas of expertise were limited 

in scope, the need for repeated announcements of each members’ area of expertise or 

queries about specific member’s knowledge may have been restricted.  Repeated attempts 

to update member directories may have resulted more from a lack of task commitment 

and comprehension than features of the task.  Additionally, the open nature of the 

experimental room may have reduced the need for team members to make requests for 

information to only specific team members, allowing them instead to “call out” to the 

entire team for information. The task design may have also affected perceptions of 

credibility, perhaps explaining some of the lack of relationship with behavioral 

integration and collective efficacy.  Because areas of expertise were assigned by the 
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experimental procedures, credibility may have reflected more team members’ faith in the 

experimental design than in their teammates’ knowledge, reducing the variability in the 

measure. 

Finally, this study relied on a computerized command and control simulation 

rather than organizational teams. While Humphrey, Hollenbeck, Ilgen, and Moon note 

that simulations such as the DDD “bridge the gap between field operations (applied 

research) and university-based theoretical research” (2004: 201) and “allow for an 

increase in the level of mundane realism while increasing the level of experimental rigor” 

(2004: 202), it is possible that a different task may have offered a better opportunity to 

test the hypothesized relationships between behaviors and cognitions.  For example, a 

task that requires team members to gather specific pieces of information from each other 

to complete multiple sub-tasks might be more useful in providing adequate opportunities 

for retrieval coordination. Similarly, a task with a provision for storing all member 

communications through an email or message system might help rule out the possibility 

that retrieval coordination behaviors were suppressed by the ability to “call out” to all 

team members instead of routing requests to specific teammates.  Future research 

examining the relationships proposed in this model might benefit from an alternate task 

that offers the potential to exclude the experimental confounds of the study and better test 

the model’s theoretical rationale. 



 

 

76 

APPENDIX A 

QUESTIONNAIRE AND COMMUNICATION MEASURES  

 

Pre-Task Questionnaire 

For each of the statements below, please indicate to what extent the statement is 
characteristic of you.  
 
 
           a            b            c            d            e 
    Strongly          Disagree           Neutral             Agree            Strongly 
    Disagree                                                                                   Agree 
 

Need for cognition 

1. I prefer complex to simple problems. 

2. I like to have the responsibility of handling a situation that requires a lot of thinking. 

3. Thinking is not my idea of fun. 

4. I would rather do something that requires little thought than something that is sure to 
challenge my thinking abilities. 

 
5. I try to anticipate and avoid situations where there is a likely chance I will have to 

think in depth about something. 
 
6. I find satisfaction in deliberating hard and for long hours. 

7. I only think as hard as I have to. 

8. I prefer to think about small, daily projects to long-term ones. 

9. I like tasks that require little thought once I've learned them. 

10. The idea of relying on thought to make my way to the top appeals to me. 

11. I really enjoy a task that involves coming up with new solutions to problems. 

12. Learning new ways to think doesn't excite me very much. 

13. I prefer my life to be filled with puzzles that I must solve. 

14. The notion of thinking abstractly is appealing to me. 
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15. I would prefer a task that is intellectual, difficult, and important to one that is 
somewhat important but does not require much thought. 

 
16. I feel relief rather than satisfaction after completing a task that required a lot of 

mental effort. 
 
17. It's enough for me that something gets the job done; I don't care how or why it works. 

18. I usually end up deliberating about issues even when they do not affect me 

personally. 

Mid-Task Questionnaire 

The following questions relate to your appraisal of how your team works together and the 
environment within the team. Please indicate your agreement with each statement using 
the scale below. 
 
 
 
           a            b            c            d            e 
    Strongly          Disagree           Neutral             Agree            Strongly 
    Disagree                                                                                   Agree 
 

Transactive memory cognitions 

19. Each team member had specialized knowledge of some aspect of our task. 
 

20. I had knowledge about an aspect of the project that no other team member had. 
 
21. Different team members were responsible for expertise in different areas. 
 
22. The specialized knowledge of several different team members was needed to 

complete the task. 
 
23. I know which team members have expertise in specific areas. 
 
24. I was comfortable accepting procedural suggestions from other team members. 
 
25. I trusted that other members’ knowledge about the task was credible (believable). 
 
26. I was confident relying on the information that other team members brought to the 

task. 
 
27. When other members gave information, I wanted to double-check it for myself. 
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28. I did not have much faith in other members’ “expertise.” 
 
29. Our team worked together in a well-coordinated fashion. 
 
30. Our team had very few misunderstandings about what to do. 
 
31. Our team needed to backtrack and start over a lot. 
 
32. We accomplished the task smoothly and efficiently. 
 
33. There was much confusion about how we would accomplish the task.  
 
Psychological safety 

34. If you make mistakes in this team, it is often held against you. 
 
35. Members of this team are able to bring up problems and tough issues.  
 
36. People on this team sometimes reject others for being different. 
 
37. It is safe to take a risk on this team. 
 

38. It is difficult to ask other members of this team for help. 
 
39. No one on this team would deliberately act in a way that undermines my efforts. 
 
40. Working with members of this team, my unique skills and talents are valued and 

utilized. 
 
Role clarity 

41. I know what my team responsibilities are 
 
42. Clear goals and objectives exist for my job 
 
43. I know that I have divided my time up properly 
 
44. I know exactly what is expected of me 
 
45. I have a clear understanding of what has to be done 
 

Post-Task Questionnaire 

The following questions relate to your appraisal of how your team works together and the 
environment within the team. Please indicate your agreement with each statement using 
the scale below. 
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           a            b            c            d            e 
    Strongly          Disagree           Neutral             Agree            Strongly 
    Disagree                                                                                   Agree 
 
Manipulation checks 

46. During the task I was competing with the others in my team 
 
47. During the task I focused on helping my teammates clear targets from their quadrants 
 
48. During the task my teammates and I all had very different priorities 
 
49. During the task it was important to achieve as many points as possible as a team 
 
50. During the task I was too busy with my own responsibilities to help my teammates 
 
51. During the task my teammates and I worked together to improve all our scores 
 
Transactive memory cognitions 

52. Each team member had specialized knowledge of some aspect of our task. 
 

53. I had knowledge about an aspect of the project that no other team member had. 
 
54. Different team members were responsible for expertise in different areas. 
 
55. The specialized knowledge of several different team members was needed to 

complete the task. 
 
56. I know which team members have expertise in specific areas. 
 
57. I was comfortable accepting procedural suggestions from other team members. 
 
58. I trusted that other members’ knowledge about the task was credible (believable). 
 
59. I was confident relying on the information that other team members brought to the 

task. 
 
60. When other members gave information, I wanted to double-check it for myself. 
 

61. I did not have much faith in other members’ “expertise.” 
 
62. Our team worked together in a well-coordinated fashion. 
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63. Our team had very few misunderstandings about what to do. 
 
64. Our team needed to backtrack and start over a lot. 
 
65. We accomplished the task smoothly and efficiently. 
 
66. There was much confusion about how we would accomplish the task.  
 
Psychological safety 

67. If you make mistakes in this team, it is often held against you. 
 

68. Members of this team are able to bring up problems and tough issues. 
 
69. People on this team sometimes reject others for being different. 
 
70. It is safe to take a risk on this team. 
 

71. It is difficult to ask other members of this team for help. 
 
72. No one on this team would deliberately act in a way that undermines my efforts. 
 
73. Working with members of this team, my unique skills and talents are valued and 

utilized. 
 

 
 

 a            b            c            d            e 
Strongly          Disagree           Neutral             Agree            Strongly 

     Disagree                                                                                   Agree 
 

Behavioral integration 

74. All the team members have a voice in major decisions affecting the team 
 
75. Communications among team members can be best described as open and fluid 
 
76. When major decisions are made affecting the whole team, team members  

collectively exchange their points of view 
 
77. Team members frequently share their experience and expertise 

 

Role clarity 

78. I know what my team responsibilities are 
 
79. Clear goals and objectives exist for my job 
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80. I know that I have divided my time up properly 
 
81. I know exactly what is expected of me 
 
82. I have a clear understanding of what has to be done 
 
Collective efficacy 

83. The team I am in has above average ability 
 
84. This team is poor compared to other teams performing the same task 
 
85. This team is not able to perform as well as it should 
 
86. The members of this team have excellent task skills 
 
87. Some members of this team should be removed due to lack of ability 
 
88. This team is not very effective 
 
89. Some members of this team cannot do their jobs well 
 
Demographic questions. 
90.  Gender 
 a.  Female 
 b.  Male    
  
91.  Age   
 a.  18-19  
 b.  20        
 c.  21        
 d.  22        
 e.  Over 22 
 
92.  Ethnicity 
 a.  African-American  
 b.  Asian / Asian-American     
 c.  Caucasian               
 d.  Hispanic / Latino      
 e.  Other                      
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COMMUNICATION CODING SHEET 
 
 

Coder:    Date/time:                                      Team#:    
 
 
Time          DM1[Red]        DM2[Purple]      DM3[Green]        DM4[Yellow] 

       [                 ]     [         ]      [      ]           [                         ] 
 
 
1-10 
 
 

    

 
10-15 
 
 

    

 
15-20 
 
 

    

 
20-25 
 
 

    

 
25-30 
 
 

    

 
 

Transactive Memory 
Directory Updating 
SE- sharing information about one’s own target or 
vehicle specialty (e.g., “I’m DM2 and I have the tanks.”) 
RE- requesting information about someone else’s target 
or vehicle specialty (e.g., “Who knows what the E target 
is?”) 
Information Allocation 
IA- allocating information to the person with the correct 
target or vehicle specialty (e.g., “DM3, I have several G 
targets in my restricted zone”) 
Retrieval Coordination 
RC- requesting information that is known to be part of 
someone’s target or vehicle specialty (e.g., “DM3, what 
is the G target again?”) 
 

 

E  0               DM1  AWACS 
F  5               DM2  Tanks 
G  3              DM3  Helicopters 
H  1              DM4  Jets 
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