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THE EMERGENCE OF SHARED MENTAL MODELS:

EXAMINING THE INTERSECTION OF THEIR CONTENT AND DEVELOPMENT

IN PROJECT TEAMS
Shared mental models may be the key to understanding how seemingly similar teams can have drastically different team performance, because they provide the cognitive foundation upon which team members can function as they complete their assigned task. In particular, shared mental models regarding the teamwork aspects of their collective life may be important. Herein I describe the shared mental model development process drawing from extant research in the areas of group development, information processing, and information sharing. I also detail the mental models necessary for effective teamwork among project team members, because the development process is dependent upon the content of the shared mental model being created. The paper concludes with an examination of the intersection between mental model content and shared mental model development as I prescribe the level of sharing for each mental model that will enhance team performance.
THE EMERGENCE OF SHARED MENTAL MODELS: 

EXAMINING THE INTERSECTION OF THEIR CONTENT AND DEVELOPMENT 

IN PROJECT TEAMS

Research on groups and teams abounds. Scholars are interested in all aspects of team life and study it using a variety of methods. The traditional models of teams and much of the research in this area focuses on the interactions occurring among team members, but often ignores the cognitive aspects of successful teamwork (Lembke & Wilson 1998). Similarly, many teams in practice don’t explicitly consider the cognitive processes underlying their collective activities as they jump into completing the task without first establishing a common understanding about their approach for working collectively. Dougherty’s (1992) investigation of product development teams provides a case in point. She found that when team members view information strictly from their respective functional perspectives, they might overlook, or ignore, information critical to the completion of the project. Further, team members who have this proclivity for viewing their environment through their own particular specialized paradigms are also inclined to limit the amount of interaction that occurs among members. Approaching projects in this manner hinders teams’ abilities to collaborate effectively and results in a reduced ability to generate innovative solutions. Alternatively, if teams are able to effectively collaborate and work collectively toward their common goals, they can attain higher levels of team performance (DeMatteo, Eby & Sundstrom 1998). Teams that achieve success in this manner put significant effort into developing protocols, or shared mental models (SMM), for working together (Katzenback & Smith 1999). Thus, studying SMM relating to teamwork may provide insight regarding why seemingly similar teams do not achieve the same results. The challenge for both research and practice is that we do not fully understand how an individual’s mental models (MM) become SMM, nor do we fully understand the way in which they optimally function. Thus, the aim of this research is to examine the SMM development process and the way in which SMM can be used successfully by project teams.

To accomplish this aim, I take both a descriptive and a prescriptive approach. I begin with a descriptive model of the SMM development process. Whether studying teams in the laboratory or in the field or developing a computational model of their behavior, scholars need a detailed understanding of the process being examined. My model of SMM development provides such detail for researchers interested in studying and/or modeling the cognitive aspects of collective behavior. Additionally, my model contributes to the extant research on team cognition by drawing together several bodies of literature, namely project teams, group development, information processing, and information sharing. Research on project teams guides the identification of the appropriate MM content requirements. Group development theory (e.g., Tuckman 1965) and information processing theory (e.g., Driver & Streufert 1969; Schroder, Driver, and Streufert 1967) complement each other. More specifically, the patterns identified in both research streams are parallel, indicating that information processing can be used to explicate the development of cognitive structures associated with teamwork. Moreover, other studies have proposed that information processing can occur at the group level (e.g., Corner, Kinicki & Keats 1994; Gibson 2001; Gruenfeld & Hollingshead 1993; Hinsz, Tindale & Vollrath 1997), however, none have specifically applied information processing to teamwork functions as is being done herein. Finally, research on information sharing (e.g., Wittenbaum & Stasser 1996) underscores the necessity of explicitly addressing teamwork in order to establish a working environment that is conducive to an open exchange of information. 

After presenting the descriptive model of SMM development, I prescribe how SMM can influence positively team performance. In particular, I extend our current understanding of SMM by clearly identifying what and how information may be shared among cross-functional team members. Evidence suggests that multiple MM exist simultaneously (Mathieu, Heffner, Goodwin, Salas & Cannon-Bowers 2000). Also, previous work has specified SMM content requirements for a given type of team (e.g., Cannon-Bowers, Salas & Converse 1993) and plausible ways information can be shared among team members (e.g., Cannon-Bowers & Salas 2001; Cooke, Salas, Cannon-Bowers & Stout 2000; Klimoski & Mohammed 1994; Mohammed & Dumville 2001). Logic suggests that the way in which information is shared will be dependent upon the type of information under consideration. For example, a commonly held understanding of the project being undertaken may be important, whereas the level of commun understanding regarding the specific details of each team members’ expertise (i.e., every team member understands electrical engineering principles) could be substantially lower. To my knowledge, the way in which content requirements and sharing intersect has not been fully elucidated. Thus, my research attempts to fill a gap in our current understanding by mapping the various ways in which information is shared among team members onto the specific MM contents required to successfully function as a project team.

By describing the SMM development process and predicting the ways in which SMM must be formed to influence team performance positively, I am also able to narrow a gap in the extant literature relating to the cognitive structures used by team members. To date, a minimal amount of research conducted in the area of SMM integrates extant research from related fields (Mohammed & Dumville 2001). In contrast, I include evidence from many veins of research similar to SMM, including group mind (e.g., Weick & Roberts 1993), interpretive schema (e.g., Bartunek 1984; Dougherty 1992), intersubjectivity (e.g., Eden, Jones, Sims & Smithin 1981), shared cognition (e.g., Cannon-Bowers & Salas 2001), shared meaning (e.g., Smircich 1983b), sociocognition (e.g., Gruenfeld & Hollingshead 1993), team mental models (e.g., Klimoski & Mohammed 1994), and transactive memory (e.g., Wegner 1987, 1995). By drawing together related research, I am able to present a more comprehensive view of team members’ cognitive structures.

After a brief review of the MM and SMM research that is relevant to this work, I describe the MM content requirements for cross-functional project teams and introduce a model of SMM development that includes an explicit definition of sharing. I then shift to a prescriptive perspective as I elaborate the intersection between SMM contents and SMM development, which culminates in the formation of unique propositions for each MM. The paper concludes with a discussion of the implications of this research for academicians and practitioners.

SHARED MENTAL MODEL BACKGROUND

Humans create representations of their worlds that are simpler than the entities they represent (Johnson-Laird 1983) in order to reduce uncertainty in their lives (Klimoski & Mohammed 1994). These representations, which I call MM in this research, are cognitive structures that include specific types of knowledge humans use to describe, explain, and predict their surroundings (Rouse & Morris 1986). Uncertainty is reduced through a heuristic function that individuals use to classify and retrieve the most salient pieces of information about situations, objects, and environments from their MM (Cannon-Bowers et al. 1993). Additionally, by utilizing information that is categorically sorted and stored within their minds, humans can “run” many possible scenarios for a complex situation to ascertain various potential outcomes, in a manner similar to that of a computer simulation (Cannon-Bowers et al. 1993). This process of identifying potential outcomes further reduces uncertainty.

A collection of individuals working together as a team also need mental representations, or SMM, in order to effectively accomplish their assigned tasks. SMM are “knowledge [and belief] structures held by members of a team that enable them to form accurate explanations and expectations for the task, and in turn, to coordinate their actions and adapt their behavior to demands of [their unique domain]” (Cannon-Bowers et al. 1993: 228). These cognitive structures are expected to influence the way in which individuals cognitively process new information, both the content of what they process and the speed with which they are able to process it (Walsh 1995). Thus, by shifting their focus from the individual level to the team level, team members are better able to complete the project in a manner that is globally optimal for themselves, their teammates, and the organization.

As the definition of SMM above indicates, these representations are not held collectively at the team level, rather they are held at the individual level (Hill & Levenhagen 1995). At the onset of team activity, many team members may share common representations based on their experiences that have been common or shared (Bar-Tal 1990). As the team begins to interact, the individual MM evolve as the team undergoes a complex, iterative process (Donnellon, Gray & Bougon 1986; Hill & Levenhagen 1995) until they converge to a point that allows the team to function as a collective. Eden and his associates have observed convergence through the use of causal maps (e.g., Eden 1992; Eden, Ackermann & Cropper 1992; Eden et al. 1981). Other researchers have observed this convergence through the articulation and refinement of the language and structure used by team members (e.g., Cannon-Bowers et al. 1993; Hill & Levenhagen 1995). In order to establish team protocols, articulation and refinement are essential because team members need to understand and appreciate the differences among themselves (Mitchell 1986). 

Recent empirical work in this area provides evidence of the role SMM have in effective team functioning. Specifically, evidence indicates that the existence of SMM is useful in developing greater understanding among team members regarding each others’ needs and information requirements (Stout, Cannon-Bowers, Salas & Mile 1999), improving team performance (Marks et al. 2002; Marks Zaccaro & Mathieu 2000; Mathieu et al. 2000), minimizing the need for explicit communication and coordination in high stress situations (Entin & Serfaty 1999). Further, SMM can be enhanced through training (Marks et al. 2000; Marks et al. 2002; Smith-Jentsch, Campbell, Milanovich & Reynolds 2001). In sum, developing cognitive structures associated with teamwork can be manipulated to improve team performance.

SHARED MENTAL MODEL CONTENT REQUIREMENTS

Team members possess multiple MM simultaneously (Cannon-Bowers et al. 1993; Mathieu et al. 2000). Multiple models are necessary to make sense of the multi-faceted environment teams must confront. One dichotomy useful for dissecting the environment is the distinction between taskwork (i.e., functional job behaviors required to accomplish the assignment) and teamwork (i.e., the many collaborative processes required to maintain the team such as cooperation, communication, and interpersonal relationships) (McIntyre & Salas 1995). While both types of activities are necessary, teamwork is an often-overlooked aspect of team life that may be critical to a team’s ability to shift toward a team perspective. Thus, in this research, I focus on the SMM necessary for successful teamwork by identifying the cognitive structures that will guide team members through their collective activities. A set of MM relating to taskwork will also be necessary for successful team functioning, but identifying them is beyond the scope of this paper.

To determine the specific content of teamwork SMM, the domain of interest must first be identified, because MM are domain specific due to the unique requirements of various domains (Rouse & Morris 1986). When studying SMM among team members, the type of team being studied represents the domain of interest and, therefore, dictates the specific MM content that should be present within these structures. For example, Cannon-Bowers et al. (1993) delineated four MM teams need during tactical decision-making exercises in the military, namely the equipment model, the task model, the team interaction model, and the team model. Each model provides a unique aspect of the military team domain that is necessary for soldiers to function effectively in complex situations.

In this work, I focus on project teams. Project teams are unique in that their assignments are time-limited and non-repetitive (Cohen & Bailey 1997). This uniqueness characterizes their domain and dictates the content requirements. Additionally, individuals need to have cognitive structures regarding individual team members, the team, the organization, and the environment (Kraiger & Wenzel 1997). Thus, to fully represent the domain in which a project team must function, I propose six MM that are critical for effective teamwork (see Table 1). The first MM is the team membership model comprised of information about the expertise each team member brings to the team. Three MM are presented to represent the unique aspects of a team’s life that must be explicitly handled by the team: the project goals model, the project work allocation model, and the project team interaction model. Specifically, these models represent information regarding what needs to be accomplished, who will accomplish it, and how it will get accomplished, respectively. Although these three models relate to the team’s task, they are teamwork MM because they represent a baseline of knowledge necessary to guide the taskwork required to accomplish the assignment. The last two MM, the organizational climate and environmental context models, represent beliefs about the organization external to the team and the competitive environment external to the organization, respectively. Taken together, these six MM represent aspects of the team domain about which team members may be cognitively unified. Or, stated another way, these MM represent the information content about teamwork that must be shared. Sharing occurs differently for each MM. The process is dependent upon the specific content of the MM being developed. After a discussion of the generalized SMM development process, I more fully describe each MM presented here and prescribe the corresponding unification process of each.

INSERT TABLE 1 ABOUT HERE

SHARED MENTAL MODEL DEVELOPMENT

My model of the SMM development process is presented in Figure 1. The model is based on anecdotal evidence suggesting that successful teams put significant effort into developing protocols for working together as a team, such as an agreed upon approach for conducting the requisite work (Katzenbach & Smith 1999). Thus, as can be seen in the figure, teams begin their life cycle by focusing on teamwork. During this period, all team members proceed through the three phases of SMM development: orientation, differentiation, and integration. The six MM previously introduced proceed through this three-phase process in parallel, as depicted in Figure 2. Upon creation of the SMM relating to teamwork, team members then shift their focus to their assigned taskwork until a time when one or more teamwork SMM need revision. Taskwork may also require a unique set of SMM. But, as previously stated, a complete discussion of taskwork SMM is beyond the scope of this paper, yet the generalized three-phase process presented herein may also prove useful for understanding how taskwork SMM emerge. The following discussion provides further detail of the model presented in Figure 1 and concludes with a detailed examination of the three-phases of the SMM development process. 

INSERT FIGURES 1 AND 2 ABOUT HERE

Ensuring that team members explicitly focus on teamwork at the onset of team activity, as suggested in Figure 1, is critical for at least two reasons. First, many organizations provide the most support for team development early in the team’s life cycle (Druskat & Pescosolido 2002). Second, team members will develop protocols (implicitly or explicitly) for collective work (i.e., the teamwork phase of the team’s life cycle) (Smircich 1983b); moreover, they will develop them very quickly and sustain them for extended periods of time (Gersick 1988). Even when SMM occur implicitly as individual team members actively consider teamwork issues relevant to their own personal agendas, the phases proposed will still be relevant. The results, however, will be inconsistent across team members. Further, the accuracy and comprehensiveness of the resultant SMM may be questionable. Under these circumstances, team members need to actively think about teamwork at the beginning of their life cycle. 

Active thinking will expedite the process of SMM development and ensure the appropriate aspects of teamwork are considered. As their perspectives become integrated, or shared, the team members will shift from consciously considering MM content to unconsciously working with the structures they have created, with respect to teamwork. The shift will occur automatically as their familiarity with the MM content increases (Dutton 1993; Yoo & Kanawattanachai 2001). Upon completion of the integration phase of teamwork SMM development, the team members will then shift to completing the requisite taskwork by cognitively processing information using the cognitive structures they have developed. Periodically, however, teamwork maintenance may be required to accommodate changes in the circumstances surrounding the team (Smircich 1983a). Accordingly, a shift back to conscious thought about MM content will be necessary. The shift back to active thinking does not occur effortlessly, because individuals do not always perceive the need to shift to conscious thought (Beyer, Chattopadhyay, George, Glick & Pugliese 1997). Leader briefings and interaction training may be useful in aiding teams to make the necessary adaptations to their MM (Marks et al. 2000). Yet, individuals often lapse into automatic mode in stressful situations (i.e., feeling time pressure or experiencing a high information load) (Dutton 1993) or when they experience failure (Gersick & Hackman 1990). These types of situations, however, are precisely the times when a team could benefit the most from a shift to active thinking.

Evidence suggests six situations when switching from automatic to conscious cognitive mode may be beneficial when: (1) novel circumstances arise (Gersick & Hackman 1990; Louis & Sutton 1991), (2) discrepancies between expectations and reality arise (Louis & Sutton 1991), particularly when the discrepancy results in failure (Gersick & Hackman 1990), (3) deliberate initiatives are requested (Louis & Sutton 1991), (4) milestones are achieved (Gersick & Hackman 1990), (5) an intervention is performed (Gersick & Hackman 1990), or (6) a structural change occurs (Gersick & Hackman 1990). Any of these situations that transpire while the team is performing taskwork require that the team members pass back through the three phases of SMM development. Progressing through all of the phases is necessary, but the time required is expected to be reduced significantly as the SMM are only being modified. This feedback loop, shown in Figure 1, will help to overcome any “cognitive inertia” that often befalls individuals (Reger & Palmer 1996) and improve the overall accuracy of the SMM (Blickensderfer, Cannon-Bowers & Salas 1997). Further, when teams switch back to active thinking during one of these events, they can expect to realize higher performance than if they had continued functioning automatically (Waller 1999). 

The three phases of SMM development proposed herein stem from group development and information processing research. Whether the phases of group development are called forming, storming, and norming (Tuckman 1965); team finding, designing, and transforming (Uhl-Bien & Graen 1992); or some other variation found in the literature; the generalized process is basically the same (Tuckman & Jensen 1977). Members: (1) orient themselves to their unique domain; (2) create their own view of the situation, which may or may not be similar to their fellow team members’ views; and (3) allow their individual perspective to evolve into a team view. Likewise, information processing occurs when individuals differentiate among available alternatives and subsequently reconcile, or integrate, similarities and differences among the alternatives to determine a course of action (Driver & Streufert 1969; Schroder et al. 1967).

I employ an information processing perspective to specify the SMM development process, in order to clarify the manner in which cognitive structures evolve at each phase. This approach was selected because, “at the group level, information processing involves the degree to which information, ideas, or cognitive processes are shared . . .” (Hinsz et al. 1997: 43). Several researchers have investigated information processing at the group level. Much of this work, however, has more relevance for the information processing requirements of taskwork in general (e.g., Gibson 2001; Gruenfeld & Hollingshead 1993) or for specific types of tasks, such as strategic decision making (e.g., Corner et al. 1994; Ginsberg 1990) and problem solving (e.g., Larson & Christensen 1993). In contrast, I focus on information processing crucial for effective teamwork. The difference between information processing of teamwork is in the content. When teamwork is the focus, team members will process information about their unique domain in order to create a foundation upon which taskwork can be effectively accomplished.

As can be seen in Figure 1, SMM development phases are orientation, differentiation, and integration. These phases represent a bottom-up, or emergent, process (Kozlowski & Klein 2000). The process begins at the onset of team activity when each individual team member has a unique, independent view of the team, its assignment, and its context. The team members then begin to orient themselves to the team situation. Orientation is retained from the research on group development to represent the phase where the team members collect information about their unique domain that will be used to create SMM. Differentiation and integration stem primarily from information processing (Driver & Streufert 1969; Schroder et al. 1967). Organization theory employing this terminology is also drawn upon (e.g., Lawrence & Lorsch 1967, 1969). 

Differentiation occurs as team members interpret their situation in the second phase of group development. From an information processing perspective, interpretation occurs as team members sort through information they have collected. This sorting process allows them to differentiate among their fellow team members’ knowledge and beliefs. It also represents the phase of SMM development where team members shift from individual-level MM to team-level MM. As a result, the MM held by individual team members depict the heterogeneous set of individuals comprising the team. As with the process described in organization theory, differentiation is necessary in order to handle complexity, which in the case of MM is the complexity of the information being stored.

In the integration phase of SMM development, the individual team members’ MM remain at the team level, but the heterogeneous view of the team created during differentiation is transformed into a representation of the collective views of the homogeneous group. Thus, integration can be viewed as a transformational process (Dansereau, Yammarino & Kohles 1999). Specifically, this process takes place as the team members integrate their perspectives of the team by identifying and strengthening the interrelationships among themselves in order to achieve unity of effort. I do not intend to imply that all team members will hold an identical set of MM at the conclusion of the integration phase. Rather, the degree of integration (i.e., the strength of the interrelationships that are developed among team members) must be carefully considered. Evidence from organization theory indicates that when the degree of integration matches the environmental uncertainty being experienced by the organization, performance will be high (Lawrence & Lorsch 1967). Similarly, in this research, team performance may be enhanced when the appropriate degree of integration is achieved. In this case, however, the appropriate degree of integration is dependent upon the MM content, as I will discuss in a later section. 

As shown in Figure 2, all necessary MM (e.g., team membership, project goals, organizational climate) can be developed simultaneously, although the progression may occur at different speeds for each one. The speed may be dependent, in part, upon the amount of previously held knowledge team members possess that is applicable to the current situation. For example, if a majority of team members have worked together on previous projects, logic suggests that the time required for establishing SMM will be much shorter than the time required for a set of individuals with no previous experience working together. Additionally, the information processed for one MM may influence the development cycle of others. As such, while the development phases are thought to occur linearly, new information attained regarding one MM may have ramifications for other MM. The team may need to regress to an earlier phase and revise the affected MM(s), accordingly. The dotted arrows in Figures 1 and 2 allow for this iterative process to occur. In the following paragraphs, the three phases of SMM development are elaborated.

Orientation 

The orientation phase of SMM development occurs at the individual level as team members provide and collect information among themselves. Thus, this initial phase of SMM development can be described as a collective induction process, where ideas, knowledge, and strategy are disseminated among all members (McNeese 2000). The MM content requirements guide the process. The information exchange that occurs, however, requires more than just an exchange of words. Team members need to understand the way in which their teammates interpret the words (Dougherty 1992) and the significance other team members attach to the discovered differences among themselves (Smircich & Chesser 1981). 

This phase may be the most critical for SMM development, because the pooling of unshared information is the motivation for assembling teams (Wittenbaum & Stasser 1996). Yet, individuals have a proclivity for discussing only knowledge that is commonly held by all members of the team (Stasser, Stewart & Wittenbaum 1995; Stasser, Taylor & Hanna 1989). If only shared knowledge is discussed, however, the proclaimed benefits of cross-functionality will not be realized (Mohammed & Dumville 2001; Wittenbaum & Stasser 1996). Through the collective induction process that transpires during orientation, the team will increase the amount of commonly held information and establish the credibility of the individual team members, thereby creating an atmosphere where information sharing can thrive during taskwork (Wittenbaum & Stasser 1996). In sum, the team members must make a concerted effort to ensure that the amount and type of information collected clearly depicts the team’s unique domain, because the information collected during orientation will be the basis for the rest of the SMM development process and for the way in which the team members collaborate throughout the team’s life cycle.

Differentiation  

Differentiation occurs when the information collected about each team member is cognitively organized into a storage and retrieval system. It also represents the phase of SMM development where team members shift their thinking about the team, its assignment, and its context from themselves as individual team members to the complement of individuals comprising the team. In other words, the focal unit shifts from the individual to the team. Differentiation denotes the cognitive activities necessary for the team members to consolidate the information regarding themselves and their teammates collected during orientation. The resultant knowledge and belief structures (one for each MM being developed) represent the team members’ individual impressions of the team for the particular MM under development. These structures serve as a baseline from which the transformation into SMM can occur during the integration phase. 

I posit that the process of differentiation described herein is analogous to creating a transactive memory system, which is a cooperative memory system for encoding, storing, and retrieving information (Wegner 1987, 1995). In a transactive memory system, individuals hold their own unique knowledge about a particular situation and a directory of the knowledge held by their teammates about the same situation. In this manner, members of the team share the storage responsibilities of critical information among themselves, thereby creating meta-knowledge of who knows what on the team (Yoo & Kanawattanachai 2001). A married couple provides a simple example of a dyadic transactive memory system; for instance, the husband does not have to learn how to program the VCR because he knows that his wife possesses the knowledge necessary to complete the task for him. To my knowledge, inquiry in this area has explored only expertise as the type of knowledge stored in a transactive memory system (e.g., Levine & Moreland 1999; Lewis, Kinnett & Gillis 2001). In this research, I generalize the concept of the transactive memory system to include any type of knowledge or belief structure, particularly those relevant to team building. For example, team members may create an indexing system of how other members interpret the team’s goals or what they believe about the way in which the organization supports the team. Thus, the transactive memory system provides a means of encoding and storing information relevant to the SMM under development. 

During the differentiation phase, team members create a transactive memory system that includes a directory for each MM being developed. At the end of this phase, team members will view the team as a set of individuals who may, or may not, have a shared understanding about the team. Moreover, they possess organized information that can be used to evaluate the motivations and abilities of team members and to identify any performance limitations of the team (Uhl-Bien & Graen 1992). The results of such an assessment will help to identify the next step(s) toward SMM development. Specifically, team members may be required to follow a recursive loop back into the orientation phase to collect more information. Alternatively, they may proceed directly into the integration phase where differences among team members’ transactive memory systems can be reconciled. 

Integration  

In the final phase of SMM development, individual transactive memory systems representing the heterogeneous views of the team are transformed into SMM. The transformation occurs as team members interact and explicitly focus on the MM being created. Interaction may encompass any collaborative techniques (e.g., discussions, negotiations, observations) required to achieve a unified view of the team. The result of integration is a reconciliation of the various perspectives into functioning mental representations that allow team members to collaborate effectively. This final phase of SMM development is complete when the team feels that it has achieved a degree of integration that will allow it to successfully conduct its requisite taskwork. The degree of integration, however, must be carefully considered before proceeding on to taskwork. Indeed, the ability of the team to perform may be hindered when information is highly integrated among team members, because the scope of information considered by the team will be limited (Corner et al. 1994; Walsh 1995). Alternatively, if information is not adequately integrated, the team members may not work toward the collective good. I posit that the optimal degree of integration will be dependent upon SMM content and the way in which the information is shared. 

One criticism of SMM research is that it does not offer adequate explanation regarding the way in which knowledge and beliefs must be shared in order to successfully approach and accomplish assigned projects (Cannon-Bowers & Salas 2001). The definition of “shared” could indicate that knowledge and belief structures are held in common or divided among team members (Cannon-Bowers & Salas 2001; Cooke et al. 2000; Klimoski and Mohammed 1994; Mohammed and Dumville 2001). Regardless of definition, the amount of sharing can be represented on a continuum. Figure 3 depicts how these two definitions of sharing correspond to integration. In the following paragraphs, this correspondence is elucidated. 

INSERT FIGURE 3 ABOUT HERE

If knowledge and belief structures are held in common, the degree of sharing is determined by examining the level of detail commonly held among team members is of interest. SMM development is complete when the structures reach a level of commonality that allow the team to successfully proceed with their taskwork. Commonality could range from being compatible, where the level of detail shared among team members is very low, to being identical, where the level of detail shared is very high. Further, the level of detail required could be somewhere intermediate between compatible and identical, which I will refer to in this work as overlapping. Compatible structures indicate that the team members integrate very little of the specific knowledge and beliefs they hold. In cases where compatible structures are preferred, the details, which are not shared, should not impact how the team collaborates. Conversely, identical knowledge and beliefs require that most, if not all, team members hold similar, highly detailed individual MM regarding a common phenomenon or situation. Truly identical structures are an impracticality because of the difficulty in creating them. Yet, they represent the most extreme case of sharing and certain MM may approach this endpoint on the commonality continuum as I will discuss later. Finally, overlapping knowledge implies that some level of detail shared among team members regarding cognitive aspects of the team’s circumstances must exist. The precise level of detail is dependent upon the content of the knowledge or belief structure.

Alternatively, knowledge structures may be divided among the team members. Division is only discussed for knowledge structures, because distributing a belief among a group of people is impractical. Under these circumstances, knowledge is distributed throughout the team. Distribution implies that the team’s knowledge is stored in dispersed locations (i.e., with various team members) and the team’s collective memory is made up of the memory of the individuals and the processes of communication that occur among team members (Wegner 1987, 1995). In this case, SMM development is complete when the team agree upon an equitable distribution of knowledge. Equitable distribution occurs when the knowledge is allocated in a manner that optimally utilizes the resources available to and within the collective.

As can be seen in Figure 3, when sharing means to have in common, the continuum ranges from compatible knowledge to identical knowledge. When sharing means to divide the opposing endpoints are a single individual holding all the information and an equitable distribution of information. MM content dictates the appropriate level of integration, and the corresponding manner in which knowledge or belief structures may be shared. If low levels of integration are appropriate then information will either be compatible or held by one individual, whereas when high levels of integration are necessary team members will either hold identical content in their structures or have a mutually agreed upon equitable distribution of content. At a midlevel of integration, the level of sharing will be represented at a point along the appropriate continuum. In the following section, I shift to a more prescriptive perspective as I attempt to make a case for the appropriate levels of integration that will enhance teamwork on project teams.

SMM DEVELOPMENT x SMM CONTENTS

Individuals will develop their multiple MM simultaneously. The way in which they develop, however, will vary depending on the MM content. For instance, while Marks and colleagues (2002) found that a common understanding of the coordination processes to be used is important, they speculate that explicit detail regarding other aspects of teamwork, such as expertise, will not improve team effectiveness. In the ensuing discussion, I offer propositions for each teamwork MM regarding the type of the information that should be shared and the corresponding level of the sharing recommended to enhance team performance.

Team Membership

By definition, cross-functional project teams are comprised of individuals representing a number of different functional areas, because team effectiveness can be enhanced when teams are staffed with individuals possessing diverse knowledge and skills (Eisenhardt & Tabrizi 1995). To realize the potential benefits of assembling cross-functional teams, “individuals must have mutually recognized and complementary domains of expertise” (Mohammed & Dumville 2001: 93). Further, the right complement of individuals is imperative (Larson & LaFasto 1989). The process of creating the team membership SMM, therefore, requires that team members recognize the specialized qualifications their fellow team members will contribute to taskwork and the cooperative team environment. The team members can then use the SMM to determine if the right complement of team members has been assigned to the team.

The identification of expertise does not require a detailed understanding of all the knowledge each individual possesses, because, if too many details are shared, the team may arrive at incorrect decisions that will go unchallenged (Cannon-Bowers et al. 1993). Instead, team members need to have general knowledge of the qualifications (e.g., technical and/or team expertise) and relevant personality characteristics (e.g., dependable) that characterize each individual team member. I, therefore, make the following propositions to identify the recommended content of the individual team member’s MM regarding team membership and the way in which that content should be shared among team members, respectively.

Proposition 1a: 
An individual’s team membership mental model contains general knowledge about the contributions each member can make to the team.

Proposition 1b: 
Team performance will be enhanced when knowledge regarding the team membership mental model is minimally integrated, and therefore, held in common near the compatible end of the continuum.

Project Goals

Teams should be given a “clear mission” elaborated through an “explicit, measurable project charter” (Clark & Wheelwright 1993: 537). The charter is comprised of the specific project goals that identify the scope of, and expectations for, the completed project. They are established to elaborate the team’s purpose for existence. A good set of goals allows teams to conduct more purposeful interactions that lead to high levels of performance (Janz, Colquitt & Noe 1997). While in theory this scenario is true, two issues arise in implementation. First, individuals assigned to the team arrive with individual goals and functional goals that may be in conflict with the team goals (Uhl-Bien & Graen 1992). Each individual also has a unique interpretation of the goals based on their functional paradigms (Dougherty 1992). To overcome these issues, SMM must be developed through explicit discussions of the project goals (Katzenbach & Smith 1999) that lead to a clear, common understanding of them (Larson & LaFasto 1989). Specific goals combined with explicit discussions about the meaning and intent of them imply that teams are most effective when the team members develop identical MM regarding project goals, as put forward in the following propositions. 

Proposition 2a: 
An individual’s project goals mental model contains specific knowledge about the scope of, and expectations for, the project.

Proposition 2b: 
Team performance will be enhanced when knowledge regarding the project goals mental model is highly integrated, and therefore, held in common near the identical end of the continuum.

Project Work Allocation

Creating the project work allocation SMM requires the mutually agreed upon, equitable distribution of all project work among the individual team members. The project work will consist of functionally specific tasks and project administration tasks that need to be completed. Project work allocation MM consist of a directory of how work is divided among the team members. In other words, no single individual knows all the specific tasks required for project completion. Rather, all team members understand the general activities that are required an how these activities are interrelated. An equitable, rather than equal, division is recommended, because the number of tasks requiring functional expertise may not be equal for all functions. Team members should, therefore, distribute the workload in a manner that optimally utilizes the team’s capability in general and the specialized skills of each team member in particular.

Explicit assignment of project work is necessary, but not sufficient for SMM development, because, as with project goals, team members will view their work through their functional paradigms, which may be dissimilar to the paradigms of their teammates (Dougherty 1992). Through discussions regarding the assignments, a shared understanding of how the work is divided among the team members and how each team member interprets his/her assignment will result. A shared understanding is necessary, because the advantages of using a team to complete the project cannot be achieved unless the members know how work is distributed among themselves (Wittenbaum & Stasser 1996). Further, an explicit understanding of the work distribution helps to avoid wasted effort and ineffective solutions that may occur when the division of labor is unclear (Hackman 1983). In sum, when the SMM regarding project work allocation has emerged, team members will understand their specific expected contributions and how those contributions are interrelated with the work allocated to their teammates. This discussion suggests these propositions. 

Proposition 3a: 
An individual’s project work allocation mental model contains detailed knowledge of his/her required contribution and the corresponding interrelations among all team members’ contributions.

Proposition 3b: 
Team performance will be enhanced when knowledge regarding the project work allocation mental model should be highly integrated, and therefore, represent a mutually agreed upon, equitable distribution of the project work on the continuum.

Project Team Interaction

Teams must interact to complete the requisite taskwork. Throughout their life cycle teams will need to collaborate through a variety of interaction modes, such as communication (Foushee & Helmreich 1988; Gladstein 1984; Kraemer & Pinsonneault 1990; McGrath 1964; Salas, Cannon-Bowers & Blickensderfer 1993), coordination (Foushee & Helmreich 1988; Salas et al. 1993), decision-making (Kraemer & Pinsonneault 1990; Salas et al. 1993), and interpersonal processes (Kraemer & Pinsonneault 1990; McGrath 1964). Evidence has shown that these interaction processes are antecedents to effective team performance (Ancona & Caldwell 1992; Gladstein 1984; Vinokur-Kaplan 1995).

Many teams often base their collaborative activities on unspoken assumptions regarding how activities will be synchronized (Wittenbaum & Stasser 1996). This tacit collaboration may be based on previous team experience. Yet, the approaches used for previous projects may be ineffective because the collaboration modes selected must fit with the unique circumstances of the project team (Larson & LaFasto 1989; Shaw 1961). As such, the team needs to develop a shared understanding of the approach they will use as they work together to complete their assignment (Katzenbach & Smith 1999). Agreeing on the exact protocols to be used throughout the team’s life cycle is impractical. Evidence suggests, however, that the team members need to agree upon the types of interaction that will be effective for the specific project (Marks et al. 2002). Therefore, an intermediate degree of detail regarding team interaction commonly held by all team members is thought to be the most useful for effective performance. In summary, I make the following propositions.

Proposition 4a:
An individual’s project team interaction mental model contains knowledge of how team members plan to collaborate.

Proposition 4b: 
Team performance will be enhanced when knowledge regarding the project team interaction mental model is moderately integrated, and therefore, held in common on the overlapping portion of the continuum.

Belief Structures

Belief structures represent the way individuals interpret the world. Recently, researchers have called for including belief structures, in addition to the more traditional knowledge structures, when studying SMM (e.g., Cannon-Bowers & Salas 2001; Mohammed, Klimoski & Rentsch 2000). The inclusion of belief structures is important because compatible views of the environment are thought to strongly influence knowledge accumulation and use (Mohammed et al. 2000) and to aid the decision making process (Cannon-Bowers & Salas 2001). Additionally, belief structures may influence the level of heed individuals have for project work, where heedfulness requires individuals to have “dispositions to act with attentiveness, alertness, and care” regarding collaborative activities (Weick & Roberts 1993: 374). When the members share a belief that their project has significance for themselves and their organization, they can be expected to engage in heedful interrelating. Further, they can expect to experience less conflict among teammates (Druskat & Pescosolido 2002). Specifically, belief structures about the organizational climate and the environmental context are thought to be critical to the team’s ability to effectively perform.

Upper management must create an organizational climate that encourages and fosters collaborative activity (Dougherty 1992). They can provide support in a variety of ways, such as by conveying distinct goals (Brown & Eisenhardt 1995; Lynn, Reilly & Akgün 2000), creating policies and procedures about teams (Katzenbach & Smith 1999), providing financial and political resources (Brown & Eisenhardt 1995; Denison, Hart & Kahn 1996; Katzenbach & Smith 1999), and rewarding behavior at the team level (Denison et al. 1996). Team members need to feel that the team is supported by the organization in order to pay heed to the project and, thereby, perform at the highest levels (Druskat & Pescosolido 2002).

In addition to their beliefs about the organizational climate, team members’ beliefs about the environmental context in which the team is functioning will also play a role in team collective behavior. Environmental events influence the way individuals behave because they provide new perspectives that must be considered (Bartunek 1984). When an organization is facing significant competitive pressure, the employees must believe in the crisis and act accordingly. Two specific examples of organizations whose employees responded to fears of bankruptcy by creating products that revived their companies are Ford Motor Company, through their development of the Taurus and Sable, and Caterpillar, through their resurgence in the global earth-moving equipment industry (Mueller, McKinley, Mone & Barker 2001). While a crisis may not always be imminent, it provides an extreme example of how the competitive environment plays a role in employees’ attitudes toward their assigned project.

Even if the team members do not have extensive commonality in their SMM regarding their beliefs about the organizational climate and the environmental context, they can still function as a collective (Langfield-Smith 1992). In fact, evidence indicates that team members do not have to hold identical belief structures; instead, the belief structures they hold must be consistent in their behavioral implications (Donnellon et al. 1986). Under these conditions, team members may have different reasons for undertaking particular actions, but will appear to be performing in an organized manner. For instance, one team member may believe that a successful project will result in the team receiving a bonus while another may see the success as an opportunity for promotion. Both work diligently toward success even though their underlying motivations are different. Thus, to ensure the team members are working together for the good of the team, belief MM need to be commonly held with a compatible degree of detail, as forwarded in the following propositions.

Proposition 5a: 
An individual’s organizational climate mental model contains beliefs about the way in which the organization values a team’s work.

Proposition 5b: 
Team performance will be enhanced when beliefs regarding the organizational climate mental model are minimally integrated, and therefore, held in common near the compatible end of the continuum.

Proposition 6a:
An individual’s environmental context mental model contains beliefs about the way in which the assigned project will directly impact the organization’s position in its competitive environment.

Proposition 6b: 
Team performance will be enhanced when beliefs regarding the environmental context mental model are minimally integrated, and therefore, held in common near the compatible end of the continuum.

DISCUSSION AND IMPLICATIONS

This research was undertaken in an effort to better understand how seemingly similar teams can have very dissimilar outcomes. Anecdotal evidence suggests that one reason may be the level of effort the team puts into developing protocols for working together (Katzenback & Smith 1999). Stated another way, SMM regarding the way in which the team is going to function as a collective may be critical to the overall effectiveness of a team. In fact, several benefits may result from this approach. First, the creation of MM is expedited, in contrast to the time required for MM to occur naturally over time. Second, the content of the MM can be manipulated through focused attention on the elements necessary for successful team performance. A final benefit resulting from explicit conversations regarding teamwork is the improved consistency among the cognitive structures of the team members, which indicates that they hold SMM. Together, these benefits result in a solid foundation upon which taskwork can be done more effectively.

To realize these benefits, SMM need to be better understood. Specifically, an understanding is needed regarding how they develop, their contents, and the relationship between the development process and their contents. In this paper, I have attempted to address these needs by describing the SMM development process and predicting the specific way in which the SMM content for project teams becomes “shared.” In doing so, I have contributed to the current understanding of SMM in two distinct ways. First, to my knowledge, the SMM development process has not been explicated previously, particularly in the level of detail herein. This effort has been facilitated by a wide range of previous research including studies of project teams, information processing, group development, and information sharing, as well as by many research streams associated with understanding collective cognition (e.g., group mind, shared cognition, shared/team mental models, sociocognition, transactive memory). Using such a diverse base of extant knowledge allowed for a more complete view of the SMM development process. Second, while, numerous researchers have attempted to define shared in the context of shared cognition/SMM (e.g., Cannon-Bowers & Salas 2001; Cooke et al. 2000; Mohammed & Dumville 2001), I am unaware of any other research that prescribes how different contents should be shared among team members. Awareness of this intersection is critical, because it pinpoints when the development process should stop. If SMM become overdeveloped, groupthink may occur, whereas underdeveloped SMM may result in teams with no focus and competing efforts. Thus, explicating the point at which an optimal level of sharing can be reached is a vital contribution.

Besides advancing our current understanding of SMM, explicating the SMM development process and the relationship between it and the content requirements for project teams creates a foundation for future inquiry. For instance, researchers wishing to create a computational model of team cognition can use the detailed view of the development process to accurately portray human cognitive interaction. The model can then be used to test the propositions relating the level of sharing for each MM to team performance. Also, extensive research is needed to confirm and extend the ideas presented herein. Preliminary evidence suggests that SMM positively impact team performance (e.g., Marks et al. 2000; Marks et al. 2002; Mathieu et al. 2000; Stout et al 1999) and that more than one MM can function at a given time (Mathieu et al. 2000). These studies have focused on very specific applications and measured SMM accordingly. The results of these studies need to be replicated and extended for a variety of team tasks completed under differing circumstances. A second extension relates to the identification of multiple MM in use concurrently. Mathieu et al. differentiated between task and team SMM. Future research needs to focus on distinguishing among multiple MM working simultaneously and determining the way in which information is shared in each.

Researchers may also find SMM a useful tool when studying other types of teams. Consider self-managed work teams (SMWT), which, like project teams, are frequently used by organizations. Case study research has found that SMWT are more productive and make better decisions than workers in a more traditional setting (Yeatts & Hyten 1998). As with project teams, however, quantitative evidence is mixed (Cohen, Ledford & Spreitzer 1996). For example, the impact of SMWT on behavioral outcomes (e.g., absenteeism), attitudinal outcomes (e.g., quality of work life) and performance outcomes (e.g., productivity) has been inconsistent across studies (Cohen & Bailey 1997). These differences may be due to the way in which the team members view their team and if these views are shared. Hence, SMM may offer some useful guidance for future research. The SMM development process described herein can be expected to be the same regardless of team domain. The domain change, however, requires revisiting the SMM content requirements. Following the research of Kraiger and Wenzel (1997), we can identify a sample of the necessary MM relating to the individual team members, the team, the organization, and the environment for successful SMWT functioning. As with project teams, a complete understanding of the individual team members, particularly their skill levels, is necessary. Whereas the focus of a project team would be on the technical expertise of the team member, in the SMWT domain, interpersonal, management, and decision-making skills may be more relevant (Yeatts & Hyten 1998). With respect to the team, a detailed understanding of the work content, structure, and allocation are necessary (Yeatts & Hyten 1998), because team members may be called upon to fill in for or help each other at various times. The level of empowerment (Cohen et al. 1996) and adequacy of training (Cohen et al. 1996; Yeatts & Hyten 1998) are organizational elements about which teams must share beliefs. Finally, the role of the environment external to the organization may be relevant. For example, the demand for the product or service the team provides may influence the number of hours SMWT are working. If the team members do not share a belief about the need to work the scheduled hours, absenteeism and turnover may rise, causing a hardship for the remaining team members and limiting their ability to perform effectively (Cohen & Bailey 1997). These content requirements exemplify the MM that need to be identified when researching in the SMWT domain.

In addition to making its own contribution to the literature, this research clearly extends several current theoretical streams. To demonstrate these extensions, I describe two examples of the complementary nature of my research. Beginning with sensemaking, Weick’s (1995) research highlights processes that individuals and organizations use to make sense of their worlds. SMM can aid in the making of sense by acting as a lens through which individuals can view situations that require sensemaking. Conduct dependent upon the conduct of others is often a time when sensemaking processes must be invoked. Such interdependent conduct is at the heart of cross-functional project team activity. If the team has developed SMM as described in this article, the act of sensemaking may be enhanced. For instance, SMM may aid team members as they identify cues that will help to focus the individuals as they work to make sense. Further, as members enact sensible environments in anticipation of future activities, they can use their SMM to frame their enactment. In this manner, future activity relating to the team will be constrained by the enacted realities that are based on the shared understanding inherent in SMM. Other sensemaking processes (e.g., driven by plausibility rather than accuracy) may be enhanced through the exploitation of SMM in a similar manner. 

A second theoretical stream that may benefit from my research is process consultation. Schein describes the difficulty associated with process consultation as a situation where “both parties must learn about each other while at the same time creating a safe environment for the client to tell his or her story” (1999: 40). As with project teams, these conditions require the development of mutual acceptance so that participants can give and receive help. Further, a shared understanding regarding client/consultant collaboration, such as relevant expertise, the problem, interaction protocols, the organization culture and environmental context, are needed. Thus, the SMM development process described herein may provide insight into the cognitive structures necessary for process consultation. Specifically, the orientation and differentiation phases represent the time required to exchange information and create cognitive structures of this information, respectively. These structures are then useful as the client and consultant develop a common understanding of the problem and how it can best be solved. In other words, their respective structures are integrated and SMM evolve. Without this integration phase, the client/ consultant exchange will simply become another shelved consultant’s report because it will not or cannot work within the organization. In other words, consultation, rather than process consultation, occurred.

The discussion thus far has focused on the way in which my research can be of use to scholars. The practitioner community may also find a number of useful strategies. In particular, managers in organizations using cross-functional project teams may find that an understanding of SMM content requirements and the development process will aid in improving team effectiveness. For instance, knowledge of the specific MM contents and the need to actively think about these issues may be communicated to new cross-functional project teams to help them focus their attention on teamwork issues. Further, leaders may encourage team members to spend time, albeit a small percentage of their collective time, on developing SMM so they create a solid foundation upon which taskwork can be accomplished more expeditiously. Also, trainers focused on improving teamwork may find this research useful as they devise new training programs. 

In conclusion, researchers and practitioners interested in learning more about how teams can function more effectively may find value in this work. Regardless of the type of team, exploring the cognitive aspects of teamwork, through SMM, may provide insight into how team members can make the necessary shift in their perspectives from the individual to the team. Further, increasing our understanding of the cognitive structures necessary for effective teamwork may facilitate the development of theoretical explanations for the respective success and failure of seemingly similar teams. 
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TABLE 1  

Multiple mental models in a project team domain

	Determinants
	Mental Models

	Individual
	Team Membership

	Team
	Project Goals

	
	Project Work Allocation

	
	Project Team Interaction

	Organization
	Organizational Climate

	Environment
	Environmental Context


FIGURE 1

A model of shared mental models development and maintenance


FIGURE 2

Simultaneous Development of Multiple Shared Mental Models


FIGURE 3

The relationship between integration and sharing
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