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ABSTRACT 

 

 

CLARITY AND THE COLLECTIVE MIND: APPLYING AN INPUT-PROCESS-

OUTPUT PERSPECTIVE TO ROLE CLARITY AND SHARED MENTAL MODELS IN 

WORK TEAMS 
 

 

Scott Cassidy Advisor: 

University of Guelph, 2013 Professor David Stanley 

 

 

Although previous research has emphasized a need for shared mental models in work teams, 

work on the antecedents of mental model similarity lacks a theoretical consensus. Role clarity 

poses a theoretically meaningful but hitherto unexplored connection with shared mental models 

that could address divergent perspectives on shared mental model antecedents using an input-

process-output framework. The present study sought to test this idea by examining levels of 

mental model similarity under varying degrees of role clarity. Participants rated the similarity of 

task- and team-concepts while undergoing a series of low-fidelity networked simulations. This 

methodology was designed to test a likely antecedent of mental model similarity in a controlled 

environment, while also simulating core task features that may generalize to applied settings. 

The results suggested that role clarity positively affected team process, and that team process 

was positively related to task-related mental model similarity. Moreover, the results also 

suggested that role clarity, team process, and team-related mental model similarity increased 

over time, consistent with research in input-process-output relationships in a team environment. 
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INTRODUCTION 

Organizations increasingly rely on work teams (Salas & Fiore, 2004; Boies, Lvina & Martens, 

2010; Driskell, Radtke & Salas, 2003; Saunders & Ajuha, 2006), and a great deal of recent 

interest has been devoted to the use of teams in organizations (e.g., Stewart & Barrick, 2000; 

Hoegl & Parboteeah, 2006; Chiocchio & Essiembre, 2009; Hertel, 2011). Teamwork presents 

inherent complications because for many tasks teamwork requires team members to develop 

shared cognitive representations of the task and the team member abilities (shared mental 

models; Rouse & Morris, 1986). A number of researchers have highlighted shared mental 

models as an important consideration in managing work teams in a variety of settings (e.g., 

DeChurch & Mesmer-Magnus, 2010; Mathieu, Heffner, Goodwin, Cannon-Bowers & Salas, 

2000; Stout, Cannon-Bowers, Salas & Milanovich, 1999; Lim & Klein, 2006; Peterson, Mitchell, 

Thompson & Burr, 2000; Zhou & Wang, 2010). 

Despite this growing interest, there is no consensus in the literature on the theoretical 

reasons why shared mental models form. Previous studies have individually linked several 

antecedents with shared mental models empirically, including team composition, team size, and 

team acquisition mode (e.g., Cannon-Bowers, Salas & Converse, 1993; Klimoski & Mohammed, 

1994; Rentsch and Hall, 1994); however, these links have been made without the support of an 

overarching theoretical framework that explains the mechanism(s) by which mental model 

similarity is achieved. Role clarity, an established construct, possesses both theoretically 

plausible links with shared mental models and empirical links with many of the variables 

postulated as antecedents of mental model similarity (e.g., Jackson & Schuler, 1985; Bray & 

Brawley, 2002). Consequently, it may aptly explain shared mental model formation when looked 

at using the input-process-output model. By examining the relation between role clarity and 
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mental model similarity within the context of the input-process-output model, the present study 

works to posit and build on a theoretical rationale for mental model similarity that may help 

ground current empirical work on shared mental model antecedents within a larger applied 

framework. 

Mental Model Theory and Shared Mental Models 

A mental model is defined as "a mechanism whereby humans generate descriptions of system 

purpose and form, explanations of system functioning and observed system states, and 

predictions of future system states" (Rouse & Morris, 1986, p. 360). Specifically, mental models 

refer to organized knowledge frameworks that enable individuals to describe, explain and predict 

objects and events (Rouse & Morris, 1986; Norman, 1983). Such frameworks include both 

knowledge content and an understanding of the relations between individual knowledge 

components (Webber, Chen, Payne, Marsh & Zaccaro, 2000). For example, a mental model of 

basketball might include knowledge that there are teams, a score, a net, and a ball to be dribbled 

(knowledge content), as well as an understanding that throwing the ball through the other team's 

net increases you own team's score (relation between knowledge components). In this regard, 

mental models act as mediating mechanisms between objective reality and human perceptions 

thereof (Brunswik, 1956). 

Mental models are not strictly individual-level phenomena, and groups of individuals can 

theoretically develop shared mental models when working closely together. According to 

Cannon-Bowers, Salas, and Converse (1993), shared mental models refer to shared or 

overlapping knowledge held by team members about the task and team membership, which 

subsequently enables effective coordination and cooperation between team members (Cannon-
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Bowers et al., 1993; Klimoski and Mohamed 1994; Rouse and Morris 1986). Shared mental 

models are thought to fall into two distinct categories: task-related mental models and team-

related mental models, both of which include knowledge content and an understanding of the 

relations between knowledge components (Cooke, Salas, Cannon-Bowers & Stout, 2000; 

Klimoski & Mohamed, 1994; Rentsch & Hall, 1994). Task-related mental models encompass 

activities surrounding the execution of the task, whereas team-related mental models encompass 

activities necessary for effective cooperation between team members. Despite conceptual 

similarities, task- and team-related shared mental models are not highly correlated with one 

another, and are best understood as two distinct constructs (Mathieu, Heffner, Goodwin, Cannon-

Bowers & Salas, 2000). Returning to the example of a basketball team, team members would 

likely possess a working understanding of the objectives of the game, such as what the rules are 

and what they have to do to accrue points (task-related mental model), as well as a working 

understanding of the various positions and who holds them, and what basketball-related skills 

and abilities they and their team members have on the court (team-related mental model). The 

extent to which all of the team members agree on these working understandings of how 

basketball works and how their team works represents the "sharedness" of their task- and team-

related mental models. 

Relatively few studies have been conducted to uncover the antecedent conditions of 

mental model similarity (e.g., Rentsch & Klimoski, 2001; Xie, Zhu & Wang, 2009). The few 

studies that have been conducted in this area have posited a few possible antecedents, such as 

team composition, team membership acquisition mode, and team size (e.g., Cannon-Bowers, 

Salas & Converse, 1993; Klimoski and Mohammed, 1994; Rentsch and Hall, 1994). Although 

this work is quite valuable in itself, the lack of a larger theoretical framework has made a "black 
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box" of the process by which shared mental models form. In their review of the literature, 

Klimoski and Mohammed (1994) suggested that, despite growing interest in shared mental 

models, the construct required further theoretical work in order to justify its use.  

My goal is to contribute to this literature by grounding shared mental model formation 

within a larger theory that has seen use in the industrial-organizational psychology literature, and 

use this theory to investigate its formative process over time using an established antecedent 

variable that correlates with many of the predictors that have been previously examined 

individually. By doing so, I aim to posit a theoretical rationale for shared mental model 

formation that may help researchers interpret much of the "black box" ambiguity currently 

surrounding shared mental models. 

The Input-Process-Output Model as a Framework for Understanding Shared Mental Models 

The input-process-output (I-P-O) model is a well-established framework for establishing the path 

by which individual employees and work teams translate abilities and resources into work 

outputs, and may be useful for understanding the process of mental model similarity. According 

to the classic I-P-O model, inputs such as training or role clarity lead to processes such as 

communications or strategy formation, which ultimately lead to outputs such as team 

performance, job satisfaction, or team cohesion (Steiner, 1972; McGrath, 1984; Hackman, 1987). 

Work teams represent complex, adaptive systems that may not be adequately represented 

by a basic I-P-O  model (Moreland, 1996). Specifically, the I-P-O model implies a static and 

linear relation between inputs, process, and outputs (Hackman 1987, McGrath et al. 2000). To 

clarify, under the classic model, a team would be theorized to have a set level of "input" (e.g., 

information, training, role clarity, etc.) that led to a set level of "process" (e.g., communication, 



5 

information sharing) that lead to a set level of "outcome" (e.g., performance, satisfaction); this 

model leaves no room to account for possible changes in input, process, or output over the course 

of a task, or the possibility of cyclical effects. Recent work on the I-P-O model has posited a 

more cyclical, time-dependent model, often summarized as the input-mediator-output-input  

model (IMOI; Ilgen, Hollenbeck, Johnson, & Jundt, 2005). Under the IMOI model, inputs and 

processes still ultimately lead to outputs; however, the extra "input" further signifies the 

possibility of cyclical feedback due to the dynamic and interdependent nature of the team 

environment. Consequently, the model assumes that the amount of "input" that a team possesses 

may not be a static predictor of the team's process and, ultimately, outputs. Rather, that amount 

of input will predict initial process and output, but will itself increase over time as new 

information about the task is garnered, allowing for time-series effects on inputs, processes, and 

outputs over a given task's duration. 

Role Clarity: An Important Input 

Although I am unaware of any studies that have been conducted on the relation between role 

clarity and shared mental models, there is a theoretical link between them that warrants 

exploration, and role clarity may be helpful in explaining the formative process for shared mental 

models from an IMOI perspective. Role clarity is a well-established construct that has been the 

subject of nearly 1500 publications since the 1950s
1
. Role clarity refers to the extent to which 

                                                 

1
 This estimate was obtained by searching the PsycINFO database for all studies published since 

1950 using role clarity, role ambiguity, process-clarity or goal-clarity in the title or key words. 
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required information is communicated to, and understood by, an employee (Abramis, 1986). 

Low role clarity occurs when there is a discrepancy between the information available to and 

understood by the employee, and the information required to adequately perform his or her job 

(Ivanevich & Donnely, 1974). Low role clarity decreases productivity (Ivanevich & Donnely, 

1974), and encourages feedback-seeking behaviours to increase role clarity, which often distracts 

employees and teams from effectively performing their work. Conversely, high role clarity 

encourages more focussed, effective task-related communication that facilitates rather than 

hampers productivity (Ashford, 1986; Ashford & Cummings, 1983). Because low role clarity 

leads to feedback-seeking behaviours, role clarity is thought to increase as employees engage 

more in their work and gain novel information about their work tasks (Whittaker, Dahling & 

Levy, 2007). Because role clarity represents a state that is subject to change based on available 

information, it can be effectively manipulated in a lab setting by controlling the amount of 

information available to participants.  

 Confirmatory factor analysis has suggested that role clarity has a two-factor structure 

comprising of goal-clarity and process-clarity (Sawyer, 1992). Process-clarity encompasses 

knowledge surrounding one's rights, duties and responsibilities, whereas goal-clarity 

encompasses knowledge about the means and ends of the task (Sawyer, 1992). Both process- and 

goal-clarity function in a feedback loop environment, such that novel information from the task 

affords employees more knowledge about their roles, increasing clarity (Ashford, 1986; Ashford 

& Cummings, 1983; Whittaker, Dahling & Levy, 2007). Consequently, process- and goal-clarity 

scores should increase over time, as team members gain more task-relevant information over the 

course of the experimental trials, as long as they do not already have the requisite information 

required to effectively perform their tasks. Furthermore, because employees require a sufficient 
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amount of goal- and process-clarity to perform their tasks, they are likely to seek information 

only insofar as they perceive a deficit of information. Therefore, it follows that the time-

dependent effects of goal- and process-clarity will reach an asymptote once a sufficient level of 

clarity is reached. Statistically, a trend with an asymptote is represented as being at least partially 

quadratic in nature. Consequently, the effect of time on goal- and process- clarity should be at 

least partially quadratic. 

Hypothesis 1a. Goal-clarity will increase over time for teams with low initial role clarity. 

Hypothesis 1b. The effect of time on goal-clarity will have a significant quadratic trend. 

Hypothesis 1c. Process-clarity will increase over time for teams with low initial role 

clarity. 

Hypothesis 1d. The effect of time on process-clarity will have a significant quadratic 

trend. 

Role Clarity and Team Process: Input to Process 

Role clarity is an established antecedent of a number of team-level process variables such as 

communication (Gerard, 1957), and team potency (Hu & Liden, 2011). These variables, among 

others, are generally subsumed under a broader latent construct called team process (Marks, 

Mathieu, & Zaccaro, 2001). Team process is best defined as a latent variable that encapsulates all 

of the conceptually similar but often behaviourally distinct actions that allow a team to translate 

work inputs, such as role clarity, into work outputs such as task performance or job satisfaction. 

In this regard, team process can be viewed as the overarching behavioural construct that 

represents the overall "process/mediator" element of the I-P-O and IMOI models.  
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 The specific actions that comprise team process across workplaces are likely as diverse as 

the workplaces themselves. Consequently, it is challenging and of limited value to attempt to list 

a single taxonomy of team process behaviours; however, these diverse behaviours are theorized 

to fall under three basic components: communications-, strategy-, and interpersonal processes. 

Communications processes refer to actions related to the execution of the task. Strategy 

processes refer to actions such as interpreting feedback and environmental information, setting 

goals, and planning future actions. Interpersonal processes refer to various socio-psychological 

aspects of teamwork, specifically in terms of showing dedication to the task and support for one's 

team members (Marks, Mathieu, & Zaccaro, 2001; Zhou & Wang, 2010). Although distinct, 

communications-, strategy-, and interpersonal processes are highly related. Consequently, team 

process is often measured as a single aggregated latent variable that contains all three 

components (Marks, Mathieu, & Zaccaro, 2001). 

 According to the I-P-O and IMOI models, information like that implied by having role 

clarity acts as an input, and enables a team to engage in effective team processes such as 

communications or strategy formation (Hackman, 1987; McGrath, 1984; Steiner, 1972). 

Consequently, teams whose members have high initial role clarity should engage in more 

effective team processes than teams with low role clarity. 

Hypothesis 2a. Teams with high initial role clarity will have higher ratings of team 

process effectiveness than teams with low initial role clarity. 

According to the more recent IMOI model, inputs are likely to change over time, leading to 

later consequent changes in processes. Given that role clarity is likely to increase when initially 

lacking (see Hypotheses 1a and 1c), team process should also increase over time, specifically for 

teams who lack initial role clarity. 
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Hypothesis 2b.Team process effectiveness ratings will increase over time for teams with 

low initial role clarity. 

Following the idea that team process effectiveness will increase because role clarity 

increases, it is likely that team process effectiveness will reach an asymptote once a sufficient 

level of role clarity is reached. Consequently, team process effectiveness should have a 

significant quadratic trend. 

Hypothesis 2c. The effect of time on team process effectiveness ratings will have a 

significant quadratic trend. 

Role Clarity and Mental Model Similarity: Input to Output 

Roles are important for group structure and functioning, and define the behaviours required of an 

individual member who occupies a certain position (Katz & Kahn, 1978; Bray & Brawley, 

2002). Specifically, a clear role prescribes individual behaviours that must be performed by an 

individual group member who occupies a certain position (Bray & Brawley, 2002), including 

both formally prescribed and informal roles and responsibilities (Mabry & Barnes, 1980). Teams 

often have both formal roles among individual team members that concern performance, as well 

as informal roles that emerge out of the development of social dynamics between team members 

(Bray & Brawley, 2002). 

Shared mental models enable effective team functioning through cognitive processes that 

allow team members to develop a shared definition of the task and team member requirements, 

including what must be accomplished and what team member's respective roles in doing so are 

(Cannon-Bowers, Salas & Converse, 1993). Having clear individual definitions of the means and 

ends of the task (goal-clarity), and clear explications of one's own roles and responsibilities 
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(process-clarity), should influence the ability of team members to settle on a shared definition of 

the task (task-related shared mental model) and on a shared definition of the team's composition 

and responsibilities (team-related shared mental model). Team members who have high role 

clarity should consequently develop more similar task- and team-related mental models. 

This process should still take place within a larger IMOI framework. Specifically, because 

role clarity is likely to increase over time when initially lacking, mental model similarity should 

similarly increase over time for teams that lack initial role clarity. Moreover, if task- and team-

related mental model similarity increases due to increases in role clarity, it is likely that both 

forms of mental model similarity will also reach an asymptote once a sufficient level of role 

clarity is reached. Consequently, both task- and team-related mental model similarity should 

have a significant quadratic trend. 

Hypothesis 3a. Teams with high initial role clarity will have more similar team-related 

mental models than teams with low initial role clarity. 

Hypothesis 3b. Team-related mental model similarity will increase over time for teams 

with low initial role clarity. 

Hypothesis 3c. The effect of time on team-related mental model similarity will have a 

significant quadratic trend. 

Hypothesis 3d. Teams with high initial role clarity will have more similar task-related 

mental models than teams with low initial role clarity.  

Hypothesis 3e. Task-related mental model similarity will increase over time for teams 

with low initial role clarity. 
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Hypothesis 3f. The effect of time on task-related mental model similarity will have a 

significant quadratic trend. 

Team Process and Mental Model Similarity: Process to Output 

Role clarity specifically refers to individual knowledge (i.e., the information team members have 

that makes their role either clear or ambiguous is specific to them), whereas shared mental 

models necessitate shared knowledge between team members. Because of this, a shared mental 

mode could only form from individual knowledge following some interpersonal behaviour 

process such as feedback-seeking or strategy formation, which would allow team members to 

share their knowledge. Consequently, in the present study, it is appropriate to construe mental 

model similarity as an output that likely requires some mediating process variable. Following the 

I-P-O and IMOI framework, team process should relate to task- and team-related mental model 

similarity, such that the greater the level of team process a team engages in, the more similar 

their members' team- and task-based mental models should be. 

Moreover, because role clarity is not expected to remain static but rather increase over 

time if it is initially lacking, it follows that mental model similarity should ultimately improve as 

increases in the role clarity "input" lead to increases in team process. As teams engage in greater 

levels of team process due to increases in role clarity, they should subsequently gain more of the 

"tools" they need to foster shared task- and team-related mental models. Consequently, teams 

with low initial role clarity should experience an increase in the relation between team process 

and mental model similarity over time. 

Hypothesis 4a. Team process will be positively related to team-related mental model 

similarity. 
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Hypothesis 4b. The relation between team process and team-related mental model 

similarity will increase over time for teams with low initial role clarity. 

Hypothesis 4c. Team process will be positively related to task-related mental model 

similarity. 

Hypothesis 4d. The relation between team process and task-related mental model 

similarity will increase over time for teams with low initial role clarity. 

Figure 1: Proposed Model 
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METHODS 

Participants 

202 student participants (63 percent female) comprising 101 dyadic teams were recruited. 

Participants were primarily drawn from the University's undergraduate subject pool, but were 

also recruited by visiting lectures on campus. Participants were compensated with course credit 

and entry into a draw to win $100.00. In addition, a $50.00 prize was offered to the highest 

performing team in either role clarity condition. This prize was advertised during recruitment to 

encourage participation in the study as well as provide an incentive to motivate participants to 

perform the task to the best of their abilities.  

Design 

All analyses were conducted at the team-level, and the majority of variables in the present study 

were collected at the team-level; all individual-level variables were aggregated to the team-level 

prior to analysis. The experiment followed a 2 (role clarity manipulation: between-team variable) 

x 4 (time: within-team variable) split-plot analysis of variance design. All within-team analyses 

were conducted using the Greenhouse-Geisser adjustment to control for sphericity violations. 

This design was used to examine the effect of the role clarity manipulation and time on five 

outcome measures for each team: goal-clarity, process-clarity, team process, team-based mental 

model similarity, and task-based mental model similarity.  

Team Task Details 

Participants completed four five-minute sessions of firefighting scenarios using Networked Fire 

Chief, a PC-based simulation tool (Omodei, Taronto & Wearing, 1999) in which participants 

work as a team to fight or contain simulated wildfires and protect various terrains using a variety 
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of resources with reactive and proactive strategies. Designed to provide a flexible and portable 

graphic tool for studying complex, group-level decision-making, Networked Fire Chief offers a 

computer-mediated environment that simulates core features of a complicated task to represent 

performance on it without requiring participants to undergo protracted training beforehand. Such 

simulations are an increasingly recognized method for studying team process and performance 

(e.g., Mathieu, Heffner, Goodwin, Salas & Cannon-Bowers, 2000; Weaver, Bowers, Salas & 

Cannon-Bowers, 1995; Cooke, Kiekel, Salas, Stout, Bowers & Cannon-Bowers, 2003). Short-

lived simulation tasks like Networked Fire Chief have been successfully used with small teams in 

past research to study shared task-related (e.g., Stout, Cannon-Bowers, Salas & Milanovich, 

1999; McComb, Kennedy, Perryman, Warner, & Letsky, 2010) and team-related (e.g., Marks, 

Zaccaro & Mathieu, 2000; Lim & Klein, 2006) mental models specifically, making it an 

appropriate task for the present study. 

In the current experiment, dyads worked together to control the spread of wild bush fires 

in a simulated microworld consisting of consumable areas that needed to be protected from the 

fire (e.g., forests), non-consumable areas that did not need to be protected (e.g., rocky 

outcroppings), resources that had to be strategically employed to combat fires (e.g., lakes), and 

appliances that could be used to harness resources (e.g., fire trucks). Participants were randomly 

assigned to one of two roles: a supervisory role that allowed the participant to see the entire map, 

as well as the direction and speed of the wind while preventing direct use of appliances 

("Supervisor"), or an operations role that allowed direct access to appliances while preventing a 

full view of the map and weather conditions ("Operations Manager"). 
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Procedure 

Both participants arrived independently at the lab, which was set up to look like a standard office 

environment, where they were met by the experimenter. The experimenter had both participants 

sign a consent form and fill out a basic demographic questionnaire, after which the experimenter 

used a draw to assign one participant to a "supervisor" role, and the other to an "operations 

manager" role. The experimenter then lead both participants to a separate meeting room in which 

there was a computer with the Networked Fire Chief simulation set up. The experimenter took 

the team through a standardized tutorial session that taught each team member the basic idea of 

the task, including the theme, basic objectives, how to play, the types or resources and appliances 

the team could use, and the value of respective terrain types.  

If the team had been assigned to the high clarity condition, each participant was then 

taken to a separate meeting room and individually briefed on their role as a supervisor or 

operations manager. This briefing included information on what their role entailed, their abilities 

respective to the other participant, and what was expected of them in their role. Participants 

whose teams had been assigned to the low clarity condition were not given this briefing. Both 

participants (in either condition) were then taken to a larger room with several computers set up, 

and assigned to their respective computer stations. Before beginning the simulation, each 

participant was asked to independently complete the role clarity questionnaire as a manipulation 

check (i.e., a baseline measurement). 

Following the manipulation check, each team completed four rounds of Networked Fire 

Chief. Each round lasted for five minutes. At the end of each round, each participant 

independently completed both the role clarity (i.e., process- and goal-clarity) and shared mental 
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model questionnaires. After the fourth and final scenario, the experimenter debriefed the team, 

and both participants left the lab.  

Role Clarity Manipulation 

Low Clarity 

Participants in the low clarity condition were only given basic information with regards to the 

task and each team member's role in it. Specifically, both participants in the low clarity condition 

were told to save as much of the map as possible by putting out fires and treating terrain. Each 

participant was also told their title (i.e., supervisor or operations manager), but was not told how 

their role as a supervisor or operations manager differed from his or her team member's role. 

High Clarity 

Participants in the high clarity condition were given all the information low clarity teams 

received as well as additional information about both the task and their individual role. 

Specifically, both participants in the high clarity condition were also told what areas of the map 

top performers should save, as well as how treating the landscape differs from putting out fires, 

and how wind and weather conditions influence fire spread. Moreover, participants in the 

supervisor role were told that they are to instruct the operations manager about how to use 

resources and appliances and where the fires are, because the operations manager cannot see the 

entire map. The operations manager was told that he or she had direct access to resources, but 

had to rely on the supervisor's direction. 

Summary 

The role clarity manipulation was designed to encompass both the goal- and process-clarity 

facets of role clarity. Goal-clarity concerns the means and outcome goals of one's job  (Sawyer, 
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1992), and was manipulated by specifying the goal the team should strive to achieve. 

Conversely, process-clarity concerns the methods by which one performs his or her job (Sawyer, 

1992), and was manipulated by altering the amount of information participants received about 

their duties respective to those of their team member. Teams in the low clarity condition 

consequently were expected to experience lower goal-clarity as well as lower process-clarity 

than teams in the high clarity condition. 

Manipulation Check 

The effectiveness of the role clarity manipulation was assessed by comparing the baseline goal- 

and process-clarity scores of teams in the high versus low role clarity condition directly 

following the manipulation. This assessment was made using Sawyer's (1992) role clarity 

questionnaire, which encompasses both the goal- and process-clarity facets of role clarity 

(described below). Teams in the high clarity condition reported significantly higher goal-clarity 

(M = 6.95, SE = 0.09) than teams in the low clarity condition (M = 4.81, SE = 0.17), t(70.88) = 

11.05, p = .000, d = 2.24. Teams in the high clarity condition also reported significantly higher 

process-clarity (M = 6.28, SE = 0.14) than teams in the low clarity condition (M = 4.62, SE = 

0.22), t(83.01) = 6.43, p = .000, d = 1.30. Both effects were large by Cohen's (1988) standards. 

This suggests that the role clarity manipulation was successful in affecting both the goal- and 

process-clarity facets of the role clarity construct, ensuring that teams in the low clarity condition 

experienced some degree of clarity, but less than the clarity experienced by teams in the high 

clarity condition. 
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Measures 

Role Clarity 

Goal- and process-clarity were measured using a version of Sawyer's (1992) 10-item goal- and 

process-clarity scale that was adapted for use in the lab setting. Although most established 

instruments that measure role clarity and its facets are specifically designed for use in 

organizations (e.g., Sawyer, 1992; Rizzo, House & Lirtzman, 1970), researchers have 

successfully adapted the language and contextual inferences of these items for use in other 

settings as well (e.g., Bray & Brawley, 2002). Sawyer's measure was selected on the basis of 

measuring goal and process-clarity as separate constructs, instead of as a single variable. Sample 

items include "I am clear about the expected results of my work" (goal-clarity), and "I am clear 

about whether the procedures I use to complete the task are correct and proper" (process-clarity). 

All ratings were made on a 9-point Likert-type scale ranging from 0 (Not at all clear) to 8 (Very 

clear). Goal- and process-clarity were assessed following the role clarity manipulation as well as 

after each round of the simulation. 

Team Process Effectiveness 

Ratings of team process effectiveness were made by a team of trained raters after the study's 

completion. Raters watched video recordings of each team's session, and rated the team's team 

process using the 30-item version of the Marks, Mathieu & Zaccaro (2001) team process 

taxonomy, an overall measure of team process effectiveness that includes items for 

communications- strategy- and interpersonal processes. A sample item is "To what extent does 

our team actively work to develop an overall strategy to guide our team activities?" All items 

were rated on a 5-point Likert-type scale with responses ranging from 1 (Not at all) to 5 (To a 

very great extent)..  
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To ensure inter-rater reliability, all six raters underwent a standardized training session, 

after which each independently rated the same set of randomly selected videos. There was a ten 

percent overlap between raters' assignments in the total number of videos, a number that has 

been suggested and used in previous research (e.g., Ader, 1995; Potter & Ware, 1987). By rating 

common videos at both the beginning and end of the coding phase instead of only at the 

beginning or at the end, inter-rater reliability was assessed both initially and throughout the 

coding process to detect and prevent drift in reliability. Inter-rater reliability was assessed by 

examining the intraclass correlation coefficient (ICC(2)) of each coder's ratings (Bartko, 1976), 

which examines the stability of ratings across K raters (Bartko, 1976; Bliese, 2000; James, 1982). 

Intraclass correlation coefficients are an established method for assessing inter-rater reliability 

and agreement (Shrout & Fleiss, 1979; Eye & Mun, 2005), and were deemed an appropriate 

metric for this analysis. The intraclass correlation coefficients for team process ratings at time1 

(ICC(2) = .90), time2 (ICC(2) = .93), time3 (ICC(2) = .93),  and time4 (ICC(2) = .93) all 

exceeded Glick's (1982) recommendation of an ICC(2) value of .60 or higher, indicating strong 

inter-rater agreement.  

 Because team process is a conceptually meaningful latent variable (Marks, Mathieu, & 

Zaccaro, 2001), it is often measured with all three dimensions aggregated unless there is a reason 

to believe different dimensions will affect an outcome differently. Because none of the 

hypotheses in the present study posited a differential effect of role clarity on any particular team 

process dimension, or a differential relation between any team process dimension and either task- 

or team-related mental model similarity, the team process taxonomy was retained as an aggregate 

measure that included all three dimensions as a single scale. A principal components analysis 

was conducted on the scale at each measurement occasion to assess the number of components 
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that should be extracted using the Eignevalues of the raw data. The analysis extracted a single 

component at all four times, confirming the appropriateness of measuring team process as a 

single variable. The scree plot for the first measurement is presented in Figure 2. 

Figure 2: Time1 scree plot of team process component structure, with critical Eignevalues shown for 

the 50th and 95th percentile confidence intervals. 

 

Shared Mental Models 

Mental Models 

Participants' task- and team-based shared mental models were assessed using relatedness ratings. 

After each round of the Networked Fire Chief simulation, participants independently rated the 

perceived relatedness of five key task attributes and five key team attributes on a 9-point Likert-

type scale. Key task attributes were drawn from technical documentation and included: fire 
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fighting, fireproofing land, wind reporting, water management, and fire spotting. Key team 

attributes were drawn from Mathieu et al. (2000), and included: amount of information, quality 

of information, coordination of action, roles, and team spirit (Mathieu, Heffner, Goodwin, Salas 

& Cannon-Bowers, 2000).  

Relatedness ratings are a well-established method for measuring the content and structure 

of mental models, and have been previously used by several researchers (e.g., Marks, Sabella, 

Burke, & Zaccaro, 2002; Mathieu et al., 2000; Mathieu, Heffner, Goodwin, Cannon-Bowers & 

Salas, 2005; Stout, Cannon-Bowers, Salas & Milanovich, 1999). By having participants rate the 

perceived relatedness of critical components of the task and their role in it, relatedness ratings 

prompt respondents to consider the degree of association between distinct components of their 

task and team, effectively representing the associative networks of knowledge assumed in mental 

model theory (DeChurch & Mesmer-Magnus, 2010).  

Mental Model Similarity 

The level of similarity between participants' task- and team-based mental models was assessed 

using the quadratic assignment procedure (QAP), which provides an index of agreement between 

two equivalent matrices. In essence, QAP correlations calculate the Pearson correlation between 

the identical elements of two matrices and use those correlations produce a single overall 

correlation between the two matrices that ranges from -1.00 (complete disagreement) to 1.00 

(complete agreement).  

When comparing the similarity of matrices, ratings tend to be correlated across any given 

row or column and consequently violate assumptions of independent observations (Krackhardt, 

1987). These non-independent observations lead to lower residual ratings and an inaccurate 

standard error, which inflates subsequent p-values. To compensate for this, the quadratic 
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assignment procedure randomly permutes the data in each row and column of the matrices 

repeatedly, while keeping a constant permutation procedure across rows and columns. This 

procedure creates a sampling distribution of correlations that maintains any dependencies 

between the matrices' rows and columns while remaining consistent with the null hypothesis 

(Hubert & Schultz, 1976; Krackhardt, 1987). This distribution is used to calculate an accurate 

standard error and ensure the final correlations reported by the QAP procedure are accurate. 

QAP correlations have been successfully used in previous research to assess mental 

model similarity among team members (e.g., Mathieu, Heffner, Goodwin, Cannon-Bowers & 

Salas, 2000), and were deemed an appropriate measure to test the similarity between participants' 

task- and team-based mental models in the present study. All correlations were conducted using 

a network analysis program called UCINET (Borgatti, Everett, & Freeman, 1992). 
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RESULTS 

Data Aggregation 

All analyses were conducted at the team level, and the majority of variables collected were at the 

team-level; however, the goal- and process-clarity facets of the role clarity construct were 

collected at the individual-level, and needed to be aggregated to the team-level before data could 

be analyzed. To assess goal- and process-clarity at the team level, the average goal- and process-

clarity scores reported across team members in each of the 101 teams was calculated at each 

measurement occasion. The appropriateness of this aggregation was tested by examining the 

intraclass correlation coefficient (ICC(1)) of each team's goal- and process-clarity scores at each 

measurement occasion, which estimates the amount of variance in individual-level responses that 

can be explained by group-level properties (Bliese, 2000; James, 1982). Intraclass correlation 

coefficients are advantageous because they are not influenced by group size or by the number of 

groups (Bliese, 2000; Bliese & Halverson, 1998). Consequently, they are often used to test the 

appropriateness of data aggregation (e.g., Bartko, 1976; Shrout & Fleiss, 1979), and have been 

successfully used to test the appropriateness of aggregated goal- and process-clarity scores (e.g., 

Hu & Liden, 2011). All coefficients for both goal- and process-clarity scores exceeded James' 

(1982) recommendation of an ICC(1) value of .12 or higher, justifying aggregating goal- and 

process-clarity scores to the team-level. 

 The resulting reliability of the aggregated goal- and process-clarity scores was further 

assessed by examining the ICC(2) values of each team's aggregated goal- and process-clarity 

score at each measurement instance. The resulting ICC(2) values suggested only marginal 

appropriateness for aggregation (Glick, 1982; Klein et al., 2000); however, unlike ICC(1) values, 

ICC(2) values are influenced by group size, such that reliability is systematically underestimated 
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when using small groups (Bliese, 1998). Because these values were drawn from a dyad and were 

consequently subject to strong attenuation, the decision was made to use the aggregated variables 

based on their ICC(1) estimates, despite having low ICC(2) estimates. This decision is consistent 

with recommendations to make aggregation decisions based on a holistic assessment of both 

ICC(1) and ICC(2) values within the context of the specific analysis being conducted (Dixon & 

Cunningham, 2006). All ICC(1) and ICC(2) values are presented in Table 1. 

Table 1: ICC(1) and ICC(2) values for teams' goal- and process-clarity scores at each measurement 

occasion. 

Method of Analysis 

Two 2 (role clarity) x 5 (time) analysis of variance tests were used to assess the effect of the role 

clarity manipulation and time on goal-clarity and process-clarity. Three 2 (role clarity) x 4 (time) 

analysis of variance tests were used to assess the effect of the role clarity manipulation and time 

on team process effectiveness, team-related mental model similarity, and task-related mental 

model similarity. Effect sizes for all analyses were interpreted using Cohen's (1988) guidelines. 

According to these guidelines, a d-value of .20 is considered a small effect, a d-value .50 is 

considered a medium-sized effect, and a d-value of.80 is considered a large effect. Similarity, a 

partial η2
 of.01 is considered small effect, a partial η2

 .06 is considered a medium-sized effect, 

and a partial η2
 of.14 or greater is considered a large effect. A Bonferroni adjustment was used 
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to compensate for the increase in Type-I error incurred by conducting five separate ANOVAs, in 

which the standard critical p-value for significance (.05) was divided by five. Consequently, only 

p-values of .01 or smaller were considered statistically significant in these analyses. 

The relation between team process and task- and team-related mental model similarity over 

time was assessed using the Pearson zero-order correlations between team process and task- and 

team-related mental model similarity at each measurement occasion. To assess the significance 

of any change in these correlations over time, Steiger's (1980) approach to comparing 

correlations was used; in this approach, a z-score is calculated using two correlations of interest. 

The correlations between all variables used in either of the two correlations being compared are 

then used to estimate standard error, and the z-score is assessed in terms of significance. A 

Bonferroni adjustment was used to compensate for the increase in Type-I error incurred by 

conducting six separate z-score comparisons, in which the standard critical p-value for 

significance (.05) was divided by six. Consequently, only p-values of .0083 or smaller were 

considered significant. 

Role Clarity as a Function of the Role Clarity Manipulation and Time 

Role Clarity: Goal-Clarity 

Hypothesis 1a (Goal-clarity will increase over time for teams with low initial role clarity) was 

tested by examining the interaction between time and the role clarity manipulation on team's 

goal-clarity ratings. Means and standard errors are presented in Table 2. There was a significant 

medium-sized interaction between time and the role clarity manipulation on goal-clarity scores 
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F(2.54, 251.54) = 10.71, p = .000, partial η2
 = .10 (see Figure 3

2
). Specifically, goal-clarity 

scores did not significantly vary as a function of time for teams in the high clarity condition F(4, 

396) = 1.96, p = .10, but did vary as a function of time for teams in the low clarity condition F(4, 

396) = 31.38, p = .000. The impact of time on goal-clarity in the low role clarity condition was 

examined using a series of Tukey's honestly significant difference (HSD) tests. Teams in the low 

clarity condition reported significantly higher goal-clarity scores after the first (M = 5.37, SE = 

0.22), q(5, 396) = 5.34, p = .002, d = 0.41 and second rounds of the simulation (M = 5.65, SE = 

0.21), q(5, 396) = 8.04,  p = .000, d = 0.62  relative to the baseline measure taken directly after 

the manipulation (M = 4.81, SE = 0.17). Moreover, these teams reported significantly higher 

goal-clarity scores after both the third (M = 6.19, SE = 0.20), q(5, 396) = 5.16, p = .002, d = 0.37 

and fourth rounds, (M = 6.26, SE = 0.20), q(5, 396) = 5.88, p = .000, d = 0.41 of the simulation 

relative to the second round of the simulation. These findings suggest that goal-clarity did not 

significantly change for high clarity teams, but did change as a function of time for low clarity 

teams. Specifically, goal-clarity scores increased as a function of time for teams in the low 

clarity condition.  

  

                                                 

2
 Unless otherwise indicated, the Y-axis on each figure is scaled to fit the range of the data 

collected, which may or may not match the range of possible response options. 
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Table 2: Mean (M) and standard error (SE) values for goal- and process-clarity scores for teams at 

each measurement instance. 

 Baseline Time1 Time2 Time3 Time4 

 M SE M SE M SE M SE M SE 

High Clarity Condition 

Goal Clarity 6.95 0.09 6.85 0.10 6.97 0.12 7.16 0.09 7.19 0.11 

Process Clarity 6.28 0.14 6.32 0.14 6.13 0.17 6.50 0.17 6.48 0.16 

Low Clarity Condition 

Goal Clarity 4.81 0.17 5.37 0.22 5.34 0.21 6.19 0.20 6.26 0.20 

Process Clarity 4.62 0.22 4.97 0.16 4.65 0.21 5.29 0.22 5.38 0.22 

 

The significant time by role clarity manipulation interaction was also explored by 

examining the difference between teams in the high and low clarity conditions at each time. 

Teams in the high clarity condition reported significantly higher goal-clarity than teams in the 

low clarity condition during the baseline measure taken directly after the manipulation F(1, 

225.61) = 92.56, p = .000, d = 1.71, as well as after the first F(1, 225.61) = 44.44, p = .000, d = 

1.19, second F(1, 225.61) = 35.13, p = .000, d = 1.06, third F(1, 225.61) = 19.24, p = .000, d = 

0.78, and fourth rounds of the simulation F(1, 225.61) = 17.30, p = .000, d = 0.74. This finding 

further suggests that teams in the high clarity condition experienced greater goal-clarity than 

teams in the low clarity condition across all measurement occasions. It is also worth noting that 

the effect size decreased after each round of the simulation, ultimately decreasing from a large to 

a medium-sized effect. This finding suggests that, over time, teams in the low clarity condition 

were approximating the clarity realized by teams in the high clarity condition. Thus, Hypothesis 

1a was supported. 
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Figure 3: Role Clarity: Goal-clarity scores over time for teams in the high and low role clarity 

conditions. 

 

There was also a large significant main effect of time on goal-clarity scores F(2.54, 

251.54) = 23.51, p = .000, partial η2
 = .19, which was also examined using a series of Tukey's 

HSD tests. Teams reported higher goal-clarity after the second round of the simulation (M = 6.33 

SE = 0.14) relative to after the baseline measure (M = 5.91 SE = 0.14), q(5, 396) = 5.55, p = .001, 

d = 0.73. Teams also reported higher goal-clarity after the third round (M = 6.69 SE = 0.12), 

relative to after the first round (M = 6.13 SE = 0.14), q(5, 396) = 4.84, p = .006, d = 0.99, as well 

as after the third q(5, 396) = 4.84, p = .006, d = 0.64, and fourth rounds (M = 6.74 SE = 0.12), 

q(5, 396) = 5.50, p = .001, d = 0.73, relative to after the second round. These findings suggest 

goal-clarity increased as a function of time generally; however, the significant interaction 
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between time and the role clarity manipulation qualifies this effect, and suggests this was only 

the case for teams in the low clarity condition. 

There was also a significant large main effect of the role clarity manipulation on goal-

clarity scores F(1, 99) = 59.41, p = .000, partial η2
 = . 38, such that teams in the high clarity 

condition (M = 7.02, SE = 0.09) reported significantly higher goal-clarity than teams in the low 

clarity condition (M = 5.65, SE = 0.16). This finding suggests that, overall, teams in the high 

clarity condition experienced greater goal-clarity than teams in the low clarity condition. 

Because the pattern of the main effect remained consistent across time (i.e., teams in the high 

clarity condition reported greater goal-clarity than teams in the low clarity condition at every 

measurement instance), this main effect was not qualified by the significant interaction between 

time and the role clarity manipulation. 

Hypothesis 1b (The effect of time on goal-clarity will have a significant quadratic trend) 

was tested by examining the trend of goal-clarity scores over time. A trend analysis of the data 

suggested that the linear trend described the data F(1, 99) = 20.88, p = .000, partial η2
 = 0.17, 

whereas a quadratic trend did not F(1, 99) = 3.01, p = .08, partial η2
 = 0.03. This finding 

suggests that goal-clarity increased at a linear rate. Taken within the context of the decreasing 

differences between the high and low clarity teams, this finding supports the idea that teams in 

the high clarity condition maintained an initial level of goal-clarity, whereas team in the low 

clarity condition gained goal-clarity at a steady, linear rate, towards approximating the initial 

clarity experienced in the high clarity condition. Thus, Hypothesis 1b was not supported. 
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Role Clarity: Process-Clarity.  

Hypothesis 1c (Process-clarity will increase over time for teams with low initial role 

clarity) was tested by examining the interaction between time and the role clarity manipulation 

on team's process-clarity ratings. Means and standard errors are presented in Table 2. The 

interaction between time and the role clarity manipulation on process-clarity scores was small 

and non-significant, F(1.85, 192.56) = 1.70, p = .19, partial η2
 = 0.02, which suggests that the 

effect of time on process-clarity was the same for teams in both the high and low clarity 

condition. Thus, Hypothesis 1c was not supported.  

There was, however, a medium-sized significant main effect of time on process-clarity 

scores F(1.95, 192.56) = 8.72, p  = .000,  partial η2
 = .08 (see Figure 4). Teams reported 

significantly higher process-clarity scores after the third (M = 5.91, SE = 0.15), q(5, 396) = 5.28, 

p = .000, d = 0.29 and fourth rounds of the simulation (M = 5.94, SE = 0.15), q(5, 396) = 5.66, p 

= .000, d = 0.31  relative to the baseline measure (M = 5.47, SE = 0.15). Moreover, teams 

reported significantly higher process-clarity scores after both the third q(5, 396) = 5.96, p = .000, 

d = 0.33 and fourth rounds, q(5, 396) = 6.33, p = .000, d = 0.39 of the simulation relative to the 

second round of the simulation (M = 5.41, SE = 0.13). The difference in process-clarity between 

the baseline measure and first round (M = 5.66, SE = 0.15), q(5, 396) = 0.08, p = .99, d = 0.28, 

baseline measure and second round q(5, 396) = -0.68, p = 99, d = 0.08, and first and second 

round q(5, 396) = -3.01, p = .21, d = 0.36, were all non-significant. This suggests that process-

clarity scores increased as a function of time for teams in both the high clarity and low clarity 

conditions. goal-clarity, however, this increase did not occur until later in the simulation.  
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Figure 4: Role Clarity: Process-clarity marginal mean scores over time. 

 

The role clarity manipulation also had a large significant main effect on process-clarity 

scores F(1, 99) = 41.55, p = .000, partial η2
 = .30, such that teams in the high clarity condition 

(M = 6.34, SE = 0.14) reported higher process-clarity than teams in the low clarity condition (M 

= 4.98, SE = 0.16; See Figure 5). This finding suggests that, across measurement occasions, 

teams in the high clarity condition continued to experience greater process-clarity than teams in 

the low clarity condition. 
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Figure 5: Role Clarity: Process-clarity marginal mean scores for teams in the high and low clarity 

conditions 

 

Hypothesis 1d (The effect of time on process-clarity will have a significant quadratic 

trend) was tested by examining the trend of process-clarity scores over time. A trend analysis 

suggested that a linear trend fit the data F(1, 99) = 9.49, p = .002, partial η2
 = 0.09, whereas a 

quadratic trend did not F(1, 99) = 1.82, p = 0.18, partial η2
 = 0.02, suggesting that process-

clarity also increased at a linear rate. This finding supports the idea that teams in both the high 

and low clarity conditions gained process-clarity at a steady, linear rate, with teams in the high 

clarity condition experiencing greater clarity than teams in the low clarity condition at all 

measurement instances. Thus, Hypothesis 1d was not supported. 
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Team Process as a Function of the Role Clarity Manipulation and Time 

Hypothesis 2a (Teams with high initial role clarity will have higher ratings of team process 

effectiveness than teams with low initial role clarity) was tested by examining the main effect of 

the role clarity manipulation on team process effectiveness ratings. Means and standard errors 

are presented in Table 3. The role clarity manipulation had a large main effect on team process 

ratings F(1, 92) = 21.45, p = .000, partial η2 
= 0.19, such that teams in the high clarity condition 

(M = 3.31, SE = 0.13) received higher team process ratings than teams in the low clarity 

condition (M = 2.56, SE = 0.10; See Figure 7). This finding further suggests that teams in the 

high clarity condition engaged in greater team process than teams in the low clarity condition 

throughout the simulation. Thus, Hypothesis 2a was supported. 

Table 3: Mean (M) and standard error (SE) values for team process effectiveness scores for teams at 

each measurement instance. 

 Time1 Time2 Time3 Time4 

 M SE M SE M SE M SE 

High Clarity 3.02 0.11 3.24 0.13 3.46 0.14 3.53 0.15 

Low Clarity 2.14 0.09 2.50 0.10 2.72 0.11 2.88 0.13 

 

Hypothesis 2b (Team process effectiveness ratings will increase over time for teams with 

low initial role clarity) was tested by examining the interaction between time and the role clarity 

manipulation on team's team process effectiveness ratings. There was a small, non-significant 

interaction between the role clarity manipulation and time on team process ratings F(1.76, 

161.95) = 2.13, p = .13, partial η2 
= 0.02, indicating that the effect of time on team process 
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ratings did not vary depending on the team's placement in the high or low clarity condition. 

Thus, Hypothesis 2b was not supported.  

Figure 6: Team Processes marginal mean scores over time. 

 

There was, however, a large significant main effect of time on team process ratings 

F(1.76, 161.95) = 75.94, p = .000, partial η2 
= 0.45 (See Figure 6). Specifically, teams received 

higher team process ratings after the second round (M = 2.88, SE = 0.08) relative to after the first 

round (M = 2.59, SE = 0.08), q(4, 276) = 9.62, p = .000, d = 3.15, and after the third round (M = 

3.10, SE = 0.09) relative to after the second round q(4, 276) = 7.16, p = .000, d = 2.34. The 

difference in team process ratings was non-significant after the fourth round (M = 3.21, SE = 
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0.10) relative to after the third round q(4, 276) = 3.65, p = .05, d = 1.20.These findings suggest 

that teams in both the high and low clarity conditions engaged in greater team process over time, 

although this effect may have reached an asymptote by the final round of the simulation. 

Figure 7: Team process marginal mean scores for teams in the high and low clarity conditions 

 

Hypothesis 2c (The effect of time on team process effectiveness ratings will have a 

significant quadratic trend) was tested by examining the trend of team process effectiveness 

scores over time.  A trend analysis of the data suggested that both a linear F(1, 92) = 101.45, p = 

.000, partial η2
 = 0.52, and quadratic trend fit the data F(1, 92) = 16.30, p = .000, partial η2

 = 

0.15. The presence of a significant linear and quadratic trend suggests that team process 



36 

increased at a fairly linear rate, although likely reached an asymptote later in the experiment, 

leading to a slight curve in the trend. Thus, Hypothesis 2c was supported. 

Mental Model Similarity as a Function of the Role Clarity Manipulation and Time 

Team-Related Mental Model Similarity 

Hypothesis 3a (Teams with high initial role clarity will have more similar team-related mental 

models than teams with low initial role clarity) was tested by examining the main effect of the 

role clarity manipulation on team's team-related mental model similarity ratings. Means and 

standard errors are presented in Table 4. The main effect of role clarity on team-related mental 

model similarity was small and non-significant F(1, 99) = 4.59, p = .04, partial η2
 = 0.04, 

suggesting that teams in the high clarity condition did not necessarily settle on more similar 

team-related mental models than teams in the low clarity condition. Thus, Hypothesis 3a was not 

supported. 

Table 4: Mean (M) and standard error (SE) values for team-related mental model similarity ratings 

for teams at each measurement instance. 

 

 Time1 Time2 Time3 Time4 

 M SE M SE M SE M SE 

High Clarity .04 0.06 .27 0.06 .28 0.07 .26 0.06 

Low Clarity -.03 0.06 .12 0.05 .03 0.05 .17 0.05 

 

 

Hypothesis 3b (Team-related mental model similarity will increase over time for teams 

with low initial role clarity) was tested by examining the interaction between time and the role 
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clarity manipulation on team's team-related mental model similarity ratings. The interaction 

between the role clarity manipulation and time on teams' team-related mental model similarity 

was small and non-significant F(2.44, 241.39) = 1.86, p = .15, partial η2 
= 0.02, indicating that 

the effect of time on team-based mental model similarity did not vary depending on the team's 

placement in the high or low clarity condition. Thus, Hypothesis 3b was not supported. 

There was, however, a medium-sized significant main effect of time on team-related 

mental model similarity F(2.44, 241.39) = 10.70, p = .000, partial η2
 = 0.10 (See Figure 8), 

which was further examined using a series of Tukey's HSD tests. Teams reported more similar 

mental models after the second (M = 0.20, SE = .04), q(4, 297) = 6.64, p = .000, d = 1.62, third 

(M = 0.16, SE = .04), q(4, 297) = 5.25, p = .001, d = 1.28, and fourth rounds of the simulation (M 

= 0.22, SE = .04), q(4, 297) = 7.19, p = .000, d = 1.75 relative to after the first round (M = 0.01, 

SE = .04).  The differences in mental model similarity between the second and third q(4, 297) = -

1.39, p = .76, d = 0.33, second and fourth q(4, 297) 0.55, ns, d = 0.13, and third and fourth 

rounds of the simulation q(4, 297) = 1.93, p = .98, d = 0.47 were non-significant. These findings 

suggest that team-related mental model similarity increased as a function of time at a roughly 

equal rate for teams in both the high and low clarity conditions, but may have reached an 

asymptote after the second round of the simulation.  
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Figure 8: Team-related mental model similarity marginal means over time. 

 

Hypothesis 3c (The effect of time on team-related mental model similarity will have a 

significant quadratic trend) was tested by examining the trend of team-related mental model 

similarity ratings over time.  A trend analysis indicated good fit from both a linear F(1, 99) = 

14.74, p = .000, partial η2
 = 0.13, and quadratic trend F(1, 99) = 6.25, p = .01, partial η2

 = 0.06, 

indicating that team-related mental model similarity likely increased at a fairly linear rate until 

reaching an asymptote. Thus, Hypothesis 3c was supported. 

Task-Related Mental Model Similarity 

Hypothesis 3d (Teams with high initial role clarity will have more similar task-related mental 

models than teams with low initial role clarity) was tested by examining the main effect of the 
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role clarity manipulation on team's task-related mental model similarity ratings. Means and 

standard errors are presented in Table 5. There was a small non-significant main effect of the 

role clarity manipulation on task-related mental model similarity F(1, 99) = 3.15, p = .079, 

partial η2
 = 0.03, which suggest that the role clarity manipulation was not directly related to 

teams' task-related mental model similarity. Thus, Hypothesis 3d was not supported. 

Table 5: Mean (M) and standard error (SE) values for task-related mental model similarity ratings 

for teams at each measurement instance. 

 Time1 Time2 Time3 Time4 

 M SE M SE M SE M SE 

High Clarity .32 0.05 .44 0.08 .31 0.05 .39 0.04 

Low Clarity .30 0.05 .28 0.05 .30 0.05 .25 0.04 

 

Hypothesis 3e (Task-related mental model similarity will increase over time for teams 

with low initial role clarity) was tested by examining the interaction between time and the role 

clarity manipulation on team's task-related mental model similarity ratings. The interaction 

between the role clarity manipulation and time on teams' task-related mental model similarity 

was small and non-significant F(2.46, 243.91) = 1.25, p = .29, partial η2
 = 0.01, suggesting that 

the effect of time on task-based mental model similarity did not vary depending on the team's 

placement in the high or low clarity condition. Thus, Hypothesis 3e was also not supported. 

The main effect of time in predicting teams' task-related mental model similarity was also 

small and non-significant F(2.46, 243.91) = 0.56, p = .61, partial η2 
= 0.01, suggesting that the 

level of similarity between team members' task-related mental models did not change as a 

function of time for teams in either the high or low clarity condition. 
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Hypothesis 3f (The effect of time on task-related mental model similarity will have a 

significant quadratic trend) was tested by examining the trend of task-related mental model 

similarity ratings over time. The trend analysis indicated that neither a quadratic F(1, 99) = 0.33, 

p = .57, partial η2
 = 0.00 or a cubic trend described the data F(1, 99) = 1.12, p = .29, partial η2

 = 

0.01, suggesting that the lack of a significant effect of time on task-related mental model 

similarity was not likely due to the masking effect of a non-linear trend. Thus, Hypothesis 3f was 

also not supported. 

Team Process and Mental Model Similarity 

Team-Related Mental Model Similarity 

Hypothesis 4a (Team process effectiveness will be positively related to team-related mental 

model similarity) was tested by examining the Pearson correlations between team process 

effectiveness and team-related mental model similarity at each measurement occasion (see Table 

6).  The relation between team process effectiveness and team-related mental model similarity 

was non-significant at all measurement occasions. Thus, Hypothesis 4a was not supported. 
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Table 6: Correlations between team process and mental model similarity. 

 

Hypothesis 4b (The relation between team process and team-related mental model 

similarity will increase for teams with low initial role clarity) was tested by comparing the 

magnitude of the correlations between team process effectiveness and team-related mental model 

similarity ratings at each measurement occasion.  

For teams in the low clarity condition, team process effectiveness was not significantly 

correlated with team-related mental model similarity at any measurement occasion. Moreover, 

the relation between team process effectiveness and team-related mental model similarity did not 

significantly change between the first and second rounds z(46) = 0.05, p = .96, second and third 

rounds z(46) = 0.77, p = .44, or third and fourth rounds of the simulation z(46) = 0.72, p = .47.  

For teams in the high clarity condition, team process effectiveness was also not 

significantly correlated with team-related mental model similarity at any measurement occasion. 

Moreover, there was no significant difference in the correlation between team process 
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effectiveness and team-related mental model similarity between the first and second rounds z(48) 

= 0.35, p = .72, second and third rounds z(48) = 0.93, p = .35, or third and fourth rounds of the 

simulation z(48) = 0.36 p = .72. This finding suggests that team process effectiveness and team-

related mental model similarity did not change in relatedness for teams in either the high or low 

clarity conditions. Thus, Hypothesis 4b was not supported. 

The relation between team process effectiveness and team-related mental model similarity 

for teams across both conditions did not significantly change between the first and second rounds 

of the simulation z(94) = 0.07, p = .95, between the second and third rounds of the simulation 

z(94) = 0.54, p = .59, or between the third and fourth rounds of the simulation z(94) = 1.78, p = 

.07. These findings suggest that there was not a significant relation between team process 

effectiveness and team-related mental model similarity during the experiment, and that team 

process and team-related shared mental models did not become more related over time. 

Task-Related Mental Model Similarity  

Hypothesis 4c (Team process effectiveness will be positively related to task-related mental 

model similarity) was tested by examining the Pearson correlations between team process 

effectiveness and task-related mental model similarity at each measurement occasion. The 

relation between team process effectiveness and task-related mental model similarity was non-

significant after the first, second, and third rounds of the simulation. There was, however, a 

significant positive relation between team process effectiveness and task-related mental model 

similarity after the fourth round of the simulation r(94) = .27, p = .009. Thus, Hypothesis 4c was 

supported. 

Hypothesis 4d (The relation between team process and task-related mental model 

similarity will increase for teams with low initial role clarity) was tested by comparing the 
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magnitude of the correlations between team process effectiveness and team-related mental model 

similarity ratings at each measurement occasion.  

 For teams in the low clarity condition, team process effectiveness was not significantly 

correlated with task-related mental model similarity at any measurement occasion. Moreover, 

there was no significant difference in the correlation between team process effectiveness and 

task-related mental model similarity between the first and second rounds z(46) = 0.39, p = .70, 

second and third rounds z(46) = 0.82, p = .41, or between the third and fourth rounds of the 

simulation z(46) = 0.80, p = .42. 

For teams in the high clarity condition, team process effectiveness was also not 

significantly correlated with task-related mental model similarity at any measurement occasion. 

Moreover, there was no significant difference in the correlation between team process 

effectiveness and task-related mental model similarity between the first and second rounds z(48) 

= 0.23, p = .82, second and third rounds z(48) = 0.40, p = .68, or third and fourth rounds of the 

simulation z(48) = 1.89 p = .06. This finding suggests that team process effectiveness and team-

related mental model similarity did not change in relatedness for teams in either the high or low 

clarity conditions. Thus, Hypothesis 4d was not supported. 

That said, the relation between team process effectiveness and task-related mental model 

similarity did appear to change over time, generally. The correlation between team process 

effectiveness and task-related mental model similarity did not significantly change between the 

first and second round z(94) = 0.71, p = .48, or second and third round of the simulation z(94) = 

0.49, p = .62; however, it did significantly increase between the third and fourth rounds of the 

simulation z(94) = 2.65, p = .008. This finding suggests that team process effectiveness and task-
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related mental model similarity may have become more similar over the course of the simulation, 

and were significantly related to one another by the end of the simulation.  

 



45 

DISCUSSION 

Overview 

The results of the present study support the idea that role clarity may act as an antecedent of team 

process, and offer some limited support for the idea that team process in turn may act as an 

antecedent of task-related mental model similarity, given an adequate period of time for team 

members to work together. In addition, the results suggested that role clarity, team process, and 

team-related mental model similarity may increase as a function of time, though could see 

diminishing returns as teams continue to work together for longer periods of time, highlighting 

the dynamic nature of the team environment. A summary of all supported hypotheses is 

presented in Figure 9. 

Figure 9: Proposed model with supported hypotheses noted (*) 
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Role Clarity: Goal- and Process-Clarity 

There was a significant main effect of time on both goal- and process-clarity, such that the more 

time a team spent working on a task together, the greater the goal- and process-clarity they 

reported. These findings come with a few caveats, however. First, the significant interaction 

between time and the role clarity manipulation on subsequent goal-clarity scores suggests that 

goal-clarity scores may only continue to increase as a function of time for teams with lower 

initial role clarity, consistent with Hypothesis 1a; in the present study, time did not significantly 

affect goal-clarity scores for teams in the high clarity condition. This idea is confirmed by the 

significant simple main effect of the role clarity manipulation on subsequent goal-clarity scores 

over time; although teams in the high clarity condition reported greater goal-clarity than teams in 

the low clarity condition at every measurement occasion, the effect size became smaller during 

later measurement occasions. This finding suggests that there may be a finite amount of useful 

information teams can learn about a given task that would improve their goal-clarity, supporting 

the idea of there being an asymptote of sufficient goal-clarity that a team will reach. Because of 

this, teams that are not given adequate direction about the nature of their task may eventually 

achieve the same level of goal-clarity as teams with adequate instruction. 

Conversely, there was a non-significant interaction between the role clarity manipulation 

and time on teams' process-clarity scores, contrary to Hypothesis 1b. This finding suggests that 

process-clarity may continue to increase at roughly the same rate for teams who have or do not 

have adequate instruction. This idea is supported by the significant main effect of the role clarity 

manipulation on subsequent process-clarity, which suggests that, across all measurement 

occasions, teams in the high clarity condition may see higher process-clarity than teams in the 
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low clarity condition. This finding may be an indication that teams won't stop learning how to 

work together effectively, and may not reach an asymptote of process-clarity, at least over short 

interaction periods. Consequently, a team that is not given adequate instruction about the roles of 

team members and how to structure their efforts  may gain process-clarity as they learn to work 

together; however, they may not achieve the same level of process-clarity as a team that had 

adequate instruction.  

Moreover, in the present study, process-clarity scores did not begin to significantly 

increase until the third round of the simulation, suggesting that team members may only begin to 

make conclusions about their roles in a team after either adequate instruction, as evidenced 

above, or by being exposed to the task for a long enough period of time. These findings must be 

interpreted within the context of a short-term team interaction, however, and may not generalize 

to more long-term team interactions. 

Team Process 

There was a significant main effect of the role clarity manipulation on team process effectiveness 

ratings, such that teams in the high clarity condition received higher team process effectiveness 

ratings than teams in the low clarity condition, consistent with Hypothesis 2a. This finding 

suggests that teams that have adequate instruction about the task and team member roles may 

engage in more effective team process behaviours than teams that are not given such instruction. 

In addition, there was also a significant main effect of time on team process, suggesting that 

given time to work together, teams may learn to engage in more effective team processes 

behaviours.  

Contrary to Hypothesis 2b, the interaction between time and the role clarity manipulation 

on team process was non-significant, suggesting that team process improves over time at the 
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same rate for teams that either have or do not have adequate instruction. This finding suggests 

that teams that are not given adequate instruction could improve in terms of team process over 

time, but may not engage in the same degree of team process as a team with adequate instruction. 

Again, however, this finding must be interpreted within the context of a relatively brief 

interaction period.  

Team-related Mental Model Similarity 

The significant main effect of time on team-related mental model similarity suggests that team-

related shared mental models may emerge as a function of time, such that the more time a team 

spends working on a task together, the more similar team members' team-related mental models 

become. Interestingly, there was a non-significant interaction between time and the role clarity 

manipulation as well as non-significant main effect of role clarity on team's team-related mental 

model similarity, contrary to Hypotheses 3a and 3b. Taken within the context of the significant 

main effect of time, these findings suggest that team-related mental models may become more 

similar at a roughly equal rate for teams in both the high and low clarity condition, and that 

initial role clarity may not determine a team's team-related mental model similarity. This finding 

suggests that the members of a team may converge on a mental model of each member's abilities, 

preference, and responsibilities through exposure to one another within the context of a team 

work task, with or without individual role clarity. It is worth noting, however, that the aggregated 

goal- and process-clarity ratings had low ICC(2) values, and it is possible that these non-

significant findings may be due to reliability issues in the sample's self-reported goal- and 

process-clarity scores, which may have reduced the statistical power of any analyses involving 

them. 
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The non-significant correlations between team process effectiveness and team-related 

mental model similarity add an interesting dimension to this finding, and suggest that team-

related shared mental models might not emerge through effective team processes, contrary to 

Hypotheses 4a, and 4b. This contrasts with the finding that team-related mental model similarity 

did seem to increase over time, and suggests that individual team members may develop a shared 

mental model of their team's structure and one another's roles just by working with one another 

for a period of time. The team members may not require their team to function effectively to 

form this model.  

Task-related Mental Model Similarity 

There was a significant positive correlation between team process effectiveness and task-related 

mental model similarity, although this only occurred  after the fourth and final round of 

simulation. This finding may be an indication that task-related shared mental models could 

emerge through effective team processes when team members are given enough time to engage 

in team process, supporting Hypotheses 4c. Given that many team tasks are complex, 

multifaceted, and require a high degree of coordination, it makes sense that team members would 

likely have to learn to effectively communicate, strategize, and support one another before they 

can develop a coordinated shared mental model of the task that encompasses the team's 

"understanding" of the best way to approach it. Given role clarity's causal effect on team process 

and its lack of a significant effect on task-related mental model similarity, this finding suggests 

that simply understanding the task and one's role may only task-related shared mental models 

insofar as it fosters the team's ability to first engage ineffective team processes. This idea is 

further supported by the finding that role clarity affected team process at all measurement 

occasions, suggesting it had an immediate effect. Conversely, team process was only related to 
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task-related mental model similarity late in the simulation, suggesting that the effect may have 

only took place once the team had developed the sufficient team processes to allow it. That said, 

although this idea theoretically plausible, the experiment ended after the fourth round, and the 

relatedness of team process and task-related mental model similarity could not be assessed 

further. Subsequent observations of this relation would allow such conclusion to be made with 

greater confidence. 

Unlike with team-related mental model similarity, the main effect of time on task-related 

mental model similarity was non-significant. Moreover, the main effect of the role clarity 

manipulation and interaction effect between time and the role clarity manipulation on task-

related mental model similarity were also non-significant, contrary to Hypotheses 3d and 3e. 

These findings suggest that task-related shared mental models may not emerge as a function of 

time, and may only emerge though effective team processes. This is in keeping with the idea that 

task-related mental models concern the means and ends of the task being accomplished, whereas 

team-related mental models concern the process by which a team functions. Team members are 

likely to gain some understanding of each other's abilities, needs, and preferences through 

exposure to one another in a team environment; they are, however, less likely to gain an 

understanding of how to complete a complex task simply by being exposed to it without 

explicitly seeking feedback about the task and communicating about it. Moreover, having 

individual role clarity may not be enough for a team to converge on a single task-related mental 

model; instead, they may need to engage in effective team process with their team members. 

Once again, however, any non-significant correlations in these analyses (such as those at earlier 

measurement occasions) must be interpreted within the context of the sample's low ICC(2) 

ratings on the goal- and process clarity scales, which may have attenuated the actual level of 
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relatedness between role clarity and mental model similarity and, subsequently, reduced the 

power of the test. 

Limitations and Future Directions 

The respective duties and roles of the supervisor versus operations manager player remained 

constant across the entire task (i.e., in every round of the simulation the supervisor was the only 

player who could see the wind and fire warnings, whereas the operations manager was the only 

player who could move the appliances); however, each round of the simulation was designed to 

emphasize a different aspect of the overall set of knowledge, skills, and abilities required for 

Networked Fire Chief. This was done to encourage participants to avoid falsely converging on an 

oversimplified mental model and instead form a complete mental model of the task that took all 

relevant aspects of Networked Fire Chief into account and encourage prioritization between 

them. For example, the second round of the simulation emphasized reactive measures and water 

management by limiting the availability of appliances that could use preventative measures and 

employing fast-moving appliances with limited water capacity. Conversely, the third round of 

the simulation emphasized prevention and weather forecasting by limiting the availability of 

water reserves to refill appliances while providing an abundance of appliances that could use 

preventative measures, whose effectiveness were heavily dependent on properly forecasting 

where fires would spread using the wind.  

Because there were only four rounds in total, participants may have had difficulty 

developing a cohesive task-related mental model for the simulation that included not only 

information that firefighting, fire prevention, wind forecasting, and water management were 

aspects of the task, but also the circumstances under which each aspect was most appropriate to 
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use. This could explain the non-significant effect of role clarity and time on task-related mental 

model similarity and subsequent need for effective team process to foster task-related shared 

mental models. Future research should be conducted to examine the trajectory of task-related 

shared mental model development for tasks of varying complexity, to better estimate how long it 

takes to develop a task-related shared mental model for tasks of a given complexity. 

It is also worth noting that the present study examined mental models strictly in terms of 

similarity, and did not examine mental model accuracy. To do this, however, one would require a 

task in which there exists a single "correct" approach to completion that employees could form a 

mental model around. In the Networked Fire Chief simulation, as with many jobs, there were a 

number of plausible alternative approaches to the task that could equally lead to positive 

outcomes, precluding the existence of a single "accurate" mental model for teams to converge 

on. It is possible that a team could converge on an inaccurate task- or team-related mental model; 

however, the tasks in which mental model similarity are most critical for success are often tasks 

where coordination is emphasized and in which there are multiple plausible approaches to task 

completion (Mathieu, Heffner, Goodwin, Cannon-Bowers & Salas, 2000). Consequently, a team 

that converges on a suboptimal strategy is still likely to outperform an uncoordinated team in 

which some members have an accurate understanding of the "best" way to complete the task. 

Because of this, it is likely that mental model similarity will remain a more useful and 

meaningful variable to examine in organizational contexts rather than mental model accuracy.  

Some questions could be raised as to the generalizeability of the present study's findings. First, 

the study employed a student sample in which participants were only recruited for a single 

session with no reason to believe they would work with their partner again. That said, many 

organizations employ temporary project teams in which team members work together for 
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temporary individual projects (e.g., Ginnett, 1990). Consequently, examining a temporary team 

is appropriate for this type of analysis. The Networked Fire Chief simulation could also be 

questioned for its generalizeability to organizational settings. Although the task surrounded a 

computer game-based simulation, Networked Fire Chief was characterized by being fast-paced, 

ambiguous, and highly interdependent, mimicking the defining aspects of actual jobs in which 

shared mental models are important for success (Mathieu, Heffner, Goodwin, Cannon-Bowers & 

Salas, 2000). Consequently, the results of the present study may generalize to the growing 

number of short-lived project teams in many applied settings.. 

Implications for Research 

The present study makes several important contributions to understanding the temporal basis of 

mental models and team process, and emphasizes the need for time-series and longitudinal 

designs in studying these variables, supporting a line of burgeoning research that has posited a 

time-dependent basis to team cognition and process variables (e.g., McComb, Kennedy, 

Perryman, Warner, & Letsky, 2010; Mathieu, Heffner, Goodwin, Salas, & Canon-Bowers, 2000; 

Dutton, 1993; Yoo & Kanawattanachai, 2001). This line of thinking should be applied to future 

work on mental models and their antecedents and outcomes. For instance, in the present study, 

role clarity was shown to be a strong antecedent of team process effectiveness. In addition, both 

the goal- and process-clarity dimensions of role clarity increased as a function of time, but in 

such a way that teams with low initial role clarity would not "catch up" and gain the same level 

of process-clarity as teams with high initial role clarity.  

This raises the possibility that subsequent increases in goal- and process-clarity over time 

may affect the trajectory of team process and, subsequently, mental model similarity. Based on 



54 

the present study's findings, a team with high role clarity would likely have engaged in more 

effective team processes than a team with low clarity would have, and would likely develop 

more similar task- and team-based mental models thereafter; however, after enough time had 

passed, a high clarity team would also report greater process-clarity than a low clarity team. 

Following this logic, could the disparity between high clarity and low clarity teams in terms of 

team process and mental model similarity actually increase later in the team's lifecycle due to the 

higher process-clarity experienced later by high clarity teams? In the present study, process-

clarity only began to increase after an adequate period of being exposed to the task had elapsed, 

which was quite late in the simulation. Future research should examine these variables over 

longer periods of time to examine changes to the proposed relationships, which may help to 

clarify the linear or quadratic trends in role clarity and, consequently, whether a team that lacked 

clarity could "catch up" to a team with greater clarity if given a longer interaction period. 

In addition, the non-significant findings surrounding the effect of time and role clarity on 

task-related mental model similarity suggest an interesting avenue for future work on mental 

models. Because different aspects of the overall skill set required for Networked Fire Chief were 

emphasized during each round of the simulation, participants' burgeoning mental models may 

have been challenged, forcing them to actively re-evaluate their understanding of the task as they 

worked to develop an overall task-related mental model. Consequently, the trajectory of mental 

model development may have been characterized by "peaks and valleys". This idea raises 

interesting possibilities for future mental model research. Is mental model convergence 

characterized by automatic pattern formation through repetition and reinforcement, or are 

individuals agentic in seeking out new mental models when they realize that there is a demand to 

change their working style? If the latter approach is possible, can this occur at the team-level for 
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a team that already has a shared mental model, or would all team members need to develop new 

individual mental models and converge on them as a team later? The majority of mental model 

research has focussed on shared mental models as a single measure after a task is complete (e.g., 

Edwards, Day, Arthur, & Bell, 2006; Levesque, Wilson, & Wholey, 2001; Mathieu, Heffner, 

Goodwin, Cannon-Bowers, & Salas, 2005), affording only limited attention to the process of 

mental model and shared mental model formation (McComb, Kennedy, Perryman, Warner, & 

Letsky, 2010). Future research should examine the role that the individual (and team) plays in 

actively seeking out and fostering mental models and shared mental models.   

Implications for Management 

Because work teams can transcend organizational boundaries and promote open communication 

between employees (Van den Bosch, Volberda & De Boer, 1999; Boudreau, Loch, Robey & 

Straub, 1998), many organizations rely on them to meet the demands of an increasingly 

multifaceted and fast-paced working world (Boies, Lvina & Martens, 2010; Salas & Fiore, 2004; 

Driskell, Radtke & Salas, 2003). For some time, researchers have suggested that developing 

shared mental models among team members promotes coordination (Rouse & Morris, 1986), and 

there is a sizable and growing demand to foster shared mental models in organizations, a notion 

that has been reiterated among professionals in such varied areas as business policy (Reger & 

Huff, 1993; Floyd & Wooldridge, 1992), organizational behaviour (Fiol, 1993;  Innami, 1992), 

and human resource management (Cannon-Bowers & Salas, 1990; Kraiger, 1993). 

Previous research on shared mental models has lacked an overarching theoretical 

framework to clarify its formative process, leading to disagreement on how to best foster shared 

mental models in work teams. At least two different approaches have been suggested: either 
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through assigning people with pre-existing cognitive similarities to a team, or by fostering an 

environment of open communication and feedback-seeking to encourage convergence. These 

differing perspectives have important implications for managers of work teams. If the former 

process is more viable, then the best method for promoting mental model similarity occurs 

during hiring and team assignment, specifically by creating teams of cognitively homogeneous 

employees who will "think on the same page". Conversely, if the latter approach is more viable, 

then the best method for promoting mental model similarity occurs during training and task 

execution, specifically by establishing clear and open communications channels and promoting 

information-sharing among team members. 

The results of the present study offer greater support for the latter perspective. High 

clarity teams began the task with more information at the individual level, but did not have 

significantly more similar task- and team-related mental models; however, team-related mental 

models became more similar over time. Further, during the later stages of the experiment, task-

related mental model similarity may have increased in relation to the level of team process that 

the team engaged in, consistent with the idea that shared mental models may represent a viable 

output from an I-P-O or IMOI perspective. Both of these findings support the latter perspective 

in that mental models seemed to grow more similar due to teams actually working together. This 

suggests that the most effective way to foster shared mental models may be to provide team 

members with the infrastructure and resources they need to develop effective team processes and 

coordinate their actions as a team. 
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Conclusion 

The mental model literature has been making important segues into organizational science in 

recent years (e.g., DeChurch & Mesmer-Magnus, 2010; Mathieu, Heffner, Goodwin, Cannon-

Bowers & Salas, 2000; Stout, Cannon-Bowers, Salas & Milanovich, 1999). Its inception into the 

literature, however, has been met with some degree of doubt as to its validity and usefulness as 

an applied construct. Klimoski and Mohammed's (1994) review posited that, despite growing 

interest in shared mental models, the construct requires further conceptual work to establish its 

relevance and justify its use in the industrial-organizational literature. By examining mental 

model similarity within the context of role clarity, an established construct, through an I-P-O 

perspective the present study may help to reduce the "black box" mysticism surrounding shared 

mental models and promote its place a theoretically meaningful construct.  

The present study specifically extends the burgeoning mental model literature in at least 

two ways. First, this study works to reconcile cognitive and industrial-organizational psychology 

constructs by establishing a causal link between role clarity, a well-established construct in 

industrial-organizational psychology, and shared mental models, a cognitive psychology 

construct with uneasy footing in the organizational sciences (Klimoski & Mohammed, 1994). 

Second, by making this connection the study furthers the work of previous researchers who have 

posited empirical antecedent variables (e.g., team composition, team membership acquisition 

mode, team size) for mental model similarity without an overarching theoretical framework 

(Klimoski & Mohammed, 1994). Because role clarity shares empirical links with many of the 

variables postulated as shared of mental model antecedents (e.g., Jackson & Schuler, 1985; Bray 

& Brawley, 2002) and acts as a viable input from an I-P-O perspective, it could serve as an 

explanation for why these variables promote mental model similarity theoretically. 
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As the workplace becomes more ambiguous, interdependent, and focussed on collective 

effort, the need for high-functioning work teams will only continue to grow. By establishing the 

antecedents for, and trajectory by which team members learn to think and act as a team, 

industrial-organizational psychologists can make a crucial, practicable, and timely contribution 

to the science behind effectively managing the modern organization. 
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APPENDIX A: ROLE CLARITY MEASURE 

 

Instructions 
 
Please indicate how clear each of the following aspects of your role (supervisor/operations 
manager) were while completing this scenario, using the following 9-point scale.  
 
 

0 1 2 3 4 5 6 7 8 

Not at all Clear  Very Clear 
 

 
My duties and responsibilities. 

0 1 2 3 4 5 6 7 8 

The goals and objectives of the task. 
0 1 2 3 4 5 6 7 8 

How my role influenced or will influence the role of the other player. 
0 1 2 3 4 5 6 7 8 

The expected results of my role. 
0 1 2 3 4 5 6 7 8 

What aspects of my role are most important for success on the task. 
0 1 2 3 4 5 6 7 8 

Which aspects of my role are the most important to focus on. 
0 1 2 3 4 5 6 7 8 

How to prioritize the aspects of the task. 
0 1 2 3 4 5 6 7 8 

How to determine the appropriate procedures depending on the situation the team is in. 
0 1 2 3 4 5 6 7 8 

Whether the procedures I use to complete the task are correct and proper. 
0 1 2 3 4 5 6 7 8 

Considering all the aspects of the task, I am confident I know the best way to approach the task. 
0 1 2 3 4 5 6 7 8 
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APPENDIX B: SHARED MENTAL MODEL MEASURE 

 
Team _____        Measure _____ 
 Supervisor  
 Operations  
 
Instructions 
 
Please indicate how related you felt each of the following task aspects were to each other on 

this scenario using the following 9-point scale.  
 
 
-4 -3 -2 -1 0 1 2 3 4 

Negatively Related  Positively Related 
 
 
A positive relationship means that, when one aspect increases, the other aspect also 

increases (e.g., more studying = better grades). A negative relationship means that when one 
aspect increases, the other aspect decreases (e.g. more speed = less accuracy). 

 

 Putting 
out Fires 

Fireproofing 
Land 

Forecasting 
the Wind 

Managing 
your Water 

Spotting 
Fires 

Putting out Fires      
Fireproofing Land      
Forecasting the Wind      
Managing your Water      
Spotting Fires      

 

 Amount of 
Shared Info. 

Quality of 
Shared Info. 

Coordinating 
Actions 

Member 
Roles 

Team Spirit 
Enthusiasm 

Amount of Shared Info.      
Quality of Shared Info.      
Coordinating Actions      
Member Roles      
Team Spirit/Enthusiasm      
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APPENDIX C: TEAM PROCESS EFFECTIVENESS MEASURE 

 

 

Transition Processes 

To what extent does our team actively work to ….. 

1= Not at all 

2= Very Little 

3= To Some Extent 

4= To a Great Extent 

5= To a Very Great Extent 

 

Mission Analysis 

*1. Identify our main tasks? 

*2. Identify the key challenges that we expect to face? 

*3. Determine the resources that we need to be successful? 

4. Develop a shared understanding of our purpose or mission? 

5. Understand the needs of our primary stakeholders (e.g., customers, top management, 

other organizational units)? 

 

Goal Specification 

*1. Set goals for the team? 

*2. Ensure that everyone on our team clearly understands our goals? 

*3. Link our goals with the strategic direction of the organization? 

4. Prioritize our goals? 

5. Set specific timelines for each of our goals? 

 

Strategy Formulation & Planning 

*1. Develop an overall strategy to guide our team activities? 

*2. Prepare contingency (“if-then”) plans to deal with uncertain situations? 

*3. Know when to stick with a given working plan, and when to adopt a different one? 

4. Periodically re-evaluate the quality of our working plans? 

5. Specify the sequence in which work products should be accomplished? 

 

* Indicates items for short form. 
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Action Processes 

 

To what extent does our team actively work to ….. 

1= Not at all 

2= Very Little 

3= To Some Extent 

4= To a Great Extent 

5= To a Very Great Extent 

 

Monitoring Progress Toward Goals 

*1 Regularly monitor how well we are meeting our team goals? 

*2. Use clearly defined metrics to assess our progress? 

*3. Seek timely feedback from stakeholders (e.g., customers, top management, other 

organizational units) about how well we are meeting our goals? 

4. Know whether we are on pace for meeting our goals? 

5. Let team members know when we have accomplished our goals? 

 

Resource and Systems Monitoring 

*1. Monitor and manage our resources (e.g., financial, equipment, etc.)? 

*2. Monitor important aspects of our work environment (e.g., inventories, equipment and 

process operations, information flows)? 

*3. Monitor events and conditions outside the team that influence our operations? 

4. Ensure the team has access to the right information to perform well? 

5. Manage our personnel resources? 

 

Team Monitoring and Backup 

*1. Develop standards for acceptable team member performance? 

*2. Balance the workload among our team members? 

*3. Assist each other when help is needed? 

4. Inform team members if their work does not meet standards? 

5. Seek to understand each other’s strengths and weaknesses? 

 

Coordination 

*1. Communicate well with each other? 

*2. Smoothly integrate our work efforts? 

*3. Coordinate our activities with one another? 

4. Re-establish coordination when things go wrong? 

5. Have work products ready when others need them? 

* Indicates items for short form. 
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Interpersonal Processes 

 

To what extent does our team actively work to ….. 

1= Not at all 

2= Very Little 

3= To Some Extent 

4= To a Great Extent 

5= To a Very Great Extent 

 

Conflict Management 

*1. Deal with personal conflicts in fair and equitable ways? 

*2. Show respect for one another? 

*3. Maintain group harmony? 

4. Work hard to minimize dysfunctional conflict among members? 

5. Encourage healthy debate and exchange of ideas? 

 

Motivating & Confidence Building 

*1. Take pride in our accomplishments? 

*2. Develop confidence in our team’s ability to perform well? 

*3. Encourage each other to perform our very best? 

4. Stay motivated, even when things are difficult? 

5. Reward performance achievement among team members? 

 

Affect Management 

*1. Share a sense of togetherness and cohesion? 

*2. Manage stress? 

*3. Keep a good emotional balance in the team? 

4. Keep each other from getting overly emotional or frustrated? 

5. Maintain positive work attitudes?  
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APPENDIX D: PARTICIPANT INFORMATION FORM 

 
Instructions: Please select the appropriate responses and fill in the blanks. 

 

Educational Information 

Major/Area of Study: __________________  

 

Please indicate if you are currently: 

 In first year of study         

 In second year of study           

 In third year of study 

 In fourth year of study         

 In fifth (or higher) year of study         
 

 
Role Information 

 

Please indicate if you were assigned to: 

 Supervisor position         

 Operations manager position           
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APPENDIX E: PARTICIPANT CONSENT FORM 

 

CONSENT TO PARTICIPATE IN RESEARCH 
 

Role clarity as a predictor of mental model convergence in work teams 

 

You are asked to participate in a research study conducted by Scott Cassidy, B.A. and 

David Stanley, PhD., from the psychology department at the University of Guelph. The 

results of this study will be used to fulfill the requirements for Scott Cassidy’s Master's 

thesis project. 

 

If you have any questions or concerns about the research, please feel free to contact either 

Scott Cassidy (519-265-3320) or Dr. David Stanley (519-821-4120, ext. 58590). 

 

PURPOSE OF THE STUDY 
 

Organizations increasingly rely on work teams, and many complicated jobs are now 

accomplished by small teams of individual employees. There is still some questions surrounding 

how team members approach tasks as a unit. This study is meant to address that. We intend to 

see the processes by which student teams approach a work simulation task. 

 

PROCEDURES 
 

If you volunteer to participate in this study, we would ask you to do the following things: 
 

Participants will be assigned to a supervisor or operations manager role in a two-participant 

action team, and will go through a series of four forest fire fighting scenarios together.  First, 

participants will be trained on how to use the computer simulation software employed in this 

study. Participants will be asked to complete a questionnaire about the training. 

 

Next, participants teams will work together through four fire fighting scenarios using the 

simulation software. Participants will have to communicate and work together to save a 

simulated map from simulated fires. Each scenario will last approximately five minutes. All four 

sessions will be recorded, specifically in terms of audio and video recording. 

 

After each of the four scenarios, participants will be asked to complete a questionnaire about 

several aspects of the task and their team members. After that task, participants will also be 

asked to give a verbal description on the nature of the scenario tasks. 

 

POTENTIAL RISKS AND DISCOMFORTS 

 

This study requires participants to take part in a fast-paced, competitive group task that involves 

a high degree of communication. It is possible that participants may feel pressured to perform 
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well on the task. Introverted or shy participants may also feel uncomfortable engaging in the 

degree of communication required for successful performance. Participants may also experience 

fatigue as a result of participating in the task 

 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 

 This study allows participants to see how psychological research is conducted at the University 

of Guelph, and learn about how industrial psychology approaches real world work-related issues.  

 

Broadly, this study is meant to address questions about how teams function, and could have a 

significant impact on the ongoing debate between researchers who are currently studying the 

team processes.  

 

PAYMENT FOR PARTICIPATION 
 

Each participant will receive a 1.0% course credit bonus, to be applied to their final introductory 

psychology grade. In addition, participation in the study will be rewarded with a chance to win 

$50.00 (1/25 chance of winning), to be awarded to each member of the highest performing team  

 

CONFIDENTIALITY 

 

Every effort will be made to ensure confidentiality of any identifying information that is 

obtained in connection with this study. 

 

Every reasonable effort will be made to ensure the confidentiality of participants' data. Each  

participant will be assigned a random code that cannot be traced to their identity; this code will 

be used to code all survey response data. In order to identify and contact the winners of the 

$50.00 prize, however, team performance data will separately be recorded using participant 

names; these records will be destroyed after the winners have been contacted. In addition, 

recorded audio and video images of participants will identify individual participants; all efforts 

will be made to ensure the security of these records. All analyses will be reported at the team 

level. 

 

Electronic records of all data that can be linked to individual participants (video, audio, etc.) data 

will be stored on a secure University server in a locked location on campus. Other data that 

cannot be linked to individual participants (survey results, etc.) may also be kept on the 

investigator's computer, which is encrypted, password protected, and in a locked location that is 

only accessible by the investigator. All paper records of data will be destroyed after the study's 

conclusion.  

 

 

 

 

PARTICIPATION AND WITHDRAWAL 
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You can choose whether to be in this study or not.  If you volunteer to be in this study, you 

may withdraw at any time without consequences of any kind.  You may exercise the option 

of removing your data from the study.  You may also refuse to answer any questions you 

don’t want to answer and still remain in the study. 
 

RIGHTS OF RESEARCH PARTICIPANTS 

 

You may withdraw your consent at any time and discontinue participation without penalty.  

You are not waiving any legal claims, rights or remedies because of your participation in 

this research study.  This study has been reviewed and received ethics clearance through 

the University of Guelph Research Ethics Board. If you have questions regarding your 

rights as a research participant, contact: 
 

Research Ethics Coordinator             Telephone: (519) 824-4120, ext. 56606 

University of Guelph    E-mail: sauld@uoguelph.ca 

437 University Centre   Fax: (519) 821-5236 

Guelph, ON   N1G 2W1 

 

 

SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
 

I have read the information provided for the study “Role clarity as a predictor of mental 

model convergence in work teams” as described herein.  My questions have been answered 

to my satisfaction, and I agree to participate in this study.  I have been given a copy of this 

form. 

 

 ______________________________________ 

 Name of Participant (please print) 

 

 _____________________________________  ______________ 

 Signature of Participant     Date 

 

 

 SIGNATURE OF WITNESS 

 

 ______________________________________ 

 Name of Witness (please print) 

 

 ______________________________________  _________________ 

 Signature of Witness      Date 
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APPENDIX F: PARTICIPANT DEBRIEFING FORM 

 

Dear research participant, 

 

The purpose of the current research was to examine how the members of teams use the 

information they're given to coordinate and perform team-based tasks.  Previous research shows 

that the members of high performing teams tend to develop shared cognitive understandings of 

the task and their teammates, which allows the team to perform as a cohesive unit. 

 

These cognitive understandings are thought to form through the clarity of information team 

members have. A clear idea of the task and team membership allows team members, as both 

individuals and as a collective team, to monitor the team's performance and its flow of 

information in order to adjust the team's approach to tasks and maximize its performance. 

 

In keeping with this idea, the present study was designed to control the information you received 

about your role in a work simulation task by assigning your team to a high or low degree of 

clarity. We then related what you did with that information to how your team approached the 

simulation, as well as your team's performance in the simulation. 

 

If you would like to learn more about this topic, please refer to the following articles: 

 

Mathieu, J. E., Heffner, T. S., Goodwin, G. E., Salas, E., & Cannon-Bowers, J. A. (2000). The 

Influence of Shared Mental Models on Team Process and Performance. Journal of Applied 

Psychology, 85, 273-283. 

 

Cooke, N. J., Kiekel, P. A., Salas, E., Stout, R., Bowers, C., & Cannon-Bowers, J. A. (2000) 

Measuring team knowledge: A window to the cognitive underpinnings of team performance. 

Group Dynamics: Theory, Research and Practice, 7, 179-199. 

 

Thank you again for participating in our study.  Your cooperation was greatly appreciated.  This 

letter is yours to keep. To obtain a copy of the study results, or if you have any questions about 

the conduct of this study or your rights as a research subject, you may contact either of us in the 

psychology department. 

 

David Stanley, PhD          Scott Cassidy, B.A. Honours 

Phone:  (519) 824-4120, ext. 58590  Phone: (519) 265-3320 

E-mail: dstanley@uoguelph.ca   E-mail: cassidys@uoguelph.ca 
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APPENDIX G: EXPERIMENTAL SCRIPT 

 

 

Yellow - Only say to participants drawn from SONA populations 

Green - Only say to participants drawn from non-SONA populations 

Blue - Only say to Participants in high clarity condition 

Red - Only say to participants in low clarity condition 

 

--- Participants Arrive at Lab --- 

 

Experimenter: Hi. Are you all here for the role clarity "video game/firefighting" study? 

 

--- Get Confirmation from Participants --- 

 

Experimenter: Great! I’m _________.  I’m going to be taking you through our study today.  If 

you’d just like to get seated anywhere, we can get started. 

 

--- Participants are directed to couches in main foyer --- 

 

Experimenter: Alright, so as you may or may not know already, I’m part of a lab that's running 

a study in industrial psychology. Basically, we're looking at "team process", and how team 

members approach a complicated task. So what we’re going to do today is go through a 

computer simulation meant to simulate a day as a forest firefighter squadron. 

 

Experimenter:  What we’ll do is draw positions from this jar; one of you will get to be the 

supervisor for the team, and one will be the operations manager. After that, you'll be working 

together through a few fire fighting scenarios, and then answering some questions about 

your experiences completing them. Then, I’ll have one of you give an explanation of the task 

in order to make sure you understood the task. You should note that you sessions using the 

simulation software will be recorded as part of our data collection on your team. So if you're 

really uncomfortable with this, or are hugely camera-shy, this probably is not the study for 

you. Are there any questions before we begin? 

 

--- Answer any questions the participants have --- 

 

Experimenter: Ok, then I’ll just need you all to sign these consent forms so we can get 

started. Even after signing the form, you’ll be free to stop the study at any time, or opt not to 

include your data in the final analysis. You’ll receive a 1% course credit bonus in your intro 

psychology class even if you do not complete the study. You'll still be entered into the draw 

for $100.00 even if you do not complete the study. In addition, your team's performance will 

still be considered when assigning a winner for the $50.00/person prize. 

 

--- Participants sign consent forms and return to experimenter --- 
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Experimenter: Great.  Ok, so I’ll just take those from you now (thank you)...Alright, so there 

are three slips of paper in this jar.  If you just want to take one... 

 

--- The participants each take a slip of paper; one slip has "Supervisor" written on it. One 

has "Operations Manager --- 

 

Experimenter: So, who is the supervisor? And who would be my operations manager?  

 

Experimenter: Great.  I'm just going to get you to indicate your program, year, and position on 

this form, and then we'll get started. 

 

--- Participants fill out information forms and return to experimenter --- 

 

Now that that's sorted out, I'd like you to all head over to that terminal so that we can go 

over the task. 

 

--- The participants and experimenter go to a station with the Networked Fire Chief 

Simulation set up --- 

 

Experimenter: This is the software we'll be using. Basically, your job as a team is to save this 

beautiful 8-bit forested area from Fires will appear across the map randomly, and you have 

to either divert or put them out before they consume the entire terrain.  

 

Experimenter: You have a few tools to do this with. First, you can scroll the map by clicking 

on the mini-map here (demonstrate). You can refer to areas of the map using their 

coordinates, here (point). You can then send fire trucks in with water to extinguish the 

flames. Helicopters can also drop water onto engulfed areas to put out the fires. Fire trucks 

(but not helicopters) can also treat land with fire-resistant chemicals to prevent fires from 

spreading there. You'll see fire warnings in the form of blinking red symbols. There are 

reserves of water located around the map, such as (point to water reserves) here. Use your 

fire trucks or helicopters to take water from here, like this (demonstrate) and move it to the 

fires, like so (demonstrate). The fire trucks hold ten shots of water, and the helicopters hold 

five, so try to plan accordingly. Alternatively, you can treat areas to prevent the fires from 

going there. Trucks and helicopters are only assigned to one side of the map or the other, 

and cannot transfer between them. There's also a delay as they're putting out fires, during 

which time you can move other machines to maximize efficiency. You can see the wind here 

(point), and the forecasted wind here (point). You'll have to keep a close eye on the wind and 

forecasted win, as it will determine where the fires spread; quick changes in wind often have 

a "gust" effect which will lead to faster fires for a short duration as well.  

 

Experimenter: What I'm going to do now is separate you and lead you each through your role 

in simulation. First, I'll talk to the supervisor.  

 

--- The supervisor and operations manager are taken to adjoining rooms --- 

 

Experimenter: You'll be acting as the team's supervisor. This means that you'll be 

responsible for guiding your team members through the task effectively. Specifically, you 
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have to help the operations manager decide how to use the resources and appliances, and 

where the fires are, because the operations manager cannot see the entire map. You won't 

be able to control these appliances directly, so the operations manager will have to be your 

"hands". Does that make sense?  

 

Experimenter: Great. I'm just going to go instruct the operations manager now. 

 

Experimenter: You'll be acting as the team's operations manager. This means that you'll be 

responsible for controlling appliances and putting out fires. You'll have full access to the 

appliances, but will not be able to see the full map, and must allow the supervisor and 

conservations managers to act as your "eyes". Does that make sense?  

 

Experimenter: Great. I'm just going to bring the other participant back in so we can begin the 

task. 

 

-- Experimenter brings other participants back into the room --- 

 

 

Experimenter: Ok, so each scenario will take five minutes to complete, after which I'll ask 

each of you to answer a few questions on how you felt and related to the task. But before we 

get started, I'd like each of you to independently complete this questionnaire; it should take 

about five minutes. 

 

 --- Experimenter distributes role clarity questionnaires --- 

 

Experimenter: Ok, are you all finished? Great. We'll get started on the first session now. Are 

you ready? Okay, and...go!    

 

--- Experimenter leaves participants to complete the first scenario --- 

 

Experimenter: Okay, and time's up! I hope that went alright. What I'll have each of you do 

now is independently complete these two questionnaires to assess your approach to the 

task and feelings about it. You'll notice you're repeating one of the same questionnaires as 

before. Please don't feel like you have to give the same answers; this is NOT a memory test. 

In fact, it's quite likely that your answers to the questions WILL change as the experiment 

goes on...so please answer as you feel right now. The questionnaires should take about ten 

minutes to complete. 

 

--- Experimenter distributes role clarity and shared mental model questionnaires --- 

 

Experimenter: Okay, are you all finished? Great. We'll get started on the next session now. 

Are you ready? Okay, and...go!    

 

--- Experimenter leaves participants to complete the following scenario --- 

 

Experimenter: Okay, and time's up!  Again, I'm going to ask each of you to independently 

complete the same two questionnaires. In both cases, don't feel like you have to give the 
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same answers, as it's quite likely that your answers to the questions WILL change as the 

experiment goes on. Please answer as you feel right now.  

 

--- Experimenter distributes role clarity and shared mental model questionnaires; repeat 

until the final scenario --- 

 

Experimenter: Okay, and that's the last scenario; I hope you had fun! What I'm going to do 

now is have each of you take a card. One of you will be randomly selected to explain the 

simulation. 

 

--- The participants each take a slip of paper; one slip has "Explainer" written on it --- 

 

Experimenter: Okay, so who's my explainer? 

 

Experimenter: Alright, so I'm going to give you two minutes to say everything you can about 

the simulation, especially how the team works and who does what. Your team member is 

here to correct or add anything that you miss or don't have quite right. Does that make 

sense? Okay, so why don't you begin? 

 

Experimenter: okay...well that about does it for the study. Thank you for participating; before 

I debrief you, can you tell me what you think the experiment is about? 

 

Experimenter: What I’m actually interested in looking at the impact of role information on 

team process and performance. Basically, the idea was that you would come into this lab, 

and be met with other students, each of whom would have different roles and information 

about the task. We would then observe how you worked together as a team by recording 

your sessions together, as well as by having you answer questions about how you 

constructed the task in your mind, with the idea that these "constructions" may change as 

you worked together as a team. Do you have any final questions? 

 

Experimenter: Your team was in the "low clarity" condition. This means you weren't given as 

much task-specific information as those in the high clarity condition. If you felt confused or 

did not understand how the simulation worked, this is nothing to worry about, and actually 

represents part of our experimental manipulation. Your condition also won't affect your 

chances of winning the $50.00 prize, as there are two competitions for $50.00 - one for 

each condition.   

 

--- Experimenter distributes debriefing forms to all participants --- 

 

Experimenter: Thanks again for your participation!  These forms are yours to keep; they have 

a bit more information on the background of the study, as well as the contact information for 

my advisor and I if you have any further questions. I would just ask that you don’t talk to 

anyone in your classes about the study; we can’t have people coming to the lab already 

knowing what we’re trying to get at.  Thanks again; take care. 

 

--- Participants leave the lab --- 
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APPENDIX H: CONTENT ANALYSIS HANDBOOK 

 
 
 
 
 
 
 
 
 

Firestarter Study 
 
Coder's Handbook, May o7, 2013 (Lab Copy) 

Scott Cassidy, B.A. Honours 



84 

What is content analysis?: 
 
A lot of data is generated in formats that are easy to interpret, like 

surveys or numeric scores on a task. But this data can be very limiting, 
and often doesn't get at the full story of what happened in the lab. In 

addition, there are some things that are very hard to study in this way. 
Both of these issues can be addressed by conducting a content analysis. 
When you conduct a content analysis, you help the researcher by finding 

the important themes in a rich and full data set called "content" (e.g., 
video recordings, transcripts), and use those themes to turn the content 

into numeric scores that can be analyzed statistically.  
 
The first step of a content analysis is to write a coding scheme, which 

defines the variables you need to look for in the content, and tells you 
the rules you need to follow to interpret the content and pull out the 
most appropriate numeric ratings. Basically, the coding scheme helps 

you turn content to numbers.  
 

There are two basic types of content analysis that we can conduct.  
 
Manifest content analysis looks at content at a very basic level, and the 

coder's job is essentially just to log the instances of a variable occurring 
(e.g., "How many times did the participant smile?").  
 

Latent content analysis is a little more complicated, and requires the 
coder to make judgments about the data and rate it on important 

variables based on an operational definition of what the variable is. 
 
Your job as a coder for this project involves doing a combination of 

manifest and latent content analysis. Specifically, you'll be asked to 
record the number of instances of behaviours that are examples of 

important variables I want to analyze (i.e., manifest coding), as well as 
make overall ratings of each team's performance on those variable (latent 
coding). This coding scheme will do three things for you to make this 

easier for you. 
 

1. It will define each variable you're looking at. 

2. It will give you a list of behaviours to count in the content. 
3. It will give you a scale to rate the team's performance on the vari-

able.  
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Rationale for the task: 
 
Shared mental models  (a form of team-level thinking) is a growing area 

of interest in industrial-organizational psychology, and was the main 
focus of the Firestarter study. Mattieu and colleagues (2000) suggested 
that the relation between shared mental models and team performance 

cannot be looked at directly. Instead, the relation needs to be examined 
in terms of how teams function effectively as a unit (team process), an 
indirect measure of performance. Because of this, team process must be 

measured. 
 

Klimoski and Mohammed (1994) found that there are three basic aspects 
of team process:  

1. communication processes 

2. strategies/coordinated use of resources 
3. interpersonal relations  

 
As a coder, your job will be to measure these three variables in the videos 
to create a team process variable that can be used to analyze the 

Firestarter data set. These will be measured both as manifest coding and 
as latent coding using a questionnaire Matthieu and colleagues 
developed for those variables. 

 
The Firestarter study also looked at the level of clarity in individual 

instructions and related that to team's shared mental models. This is the 
main focus of the study, because it's not clear how role clarity and 
shared mental models will be related. Part of your job will also be to keep 

a checklist of how much the team knows, as well as what they're 
communicating about to measure clarity over time. 
 

The proposed model for the study (and what we need to use content 
analysis to figure out) is presented on the next page: 
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Role Clarity 

Shared Mental 
Models 

Team Process 

Team 
Performance 

Checklist of task 

attributes the team knows  

Checklist and overall 
ratings of the three team 

process variables  

Variable: What to code: 
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(Manifest) Role Clarity: Role clarity has a two-factor structure 
comprising of goal-clarity and process-clarity (Sawyer, 1992). Goal-clarity 

encompasses knowledge surrounding one's rights, duties and 
responsibilities, whereas process-clarity encompasses knowledge about 

the means and ends of the task (Sawyer, 1992). Although participants 
already rated their perceived role clarity, perceived and actual role clarity 
may be different, and it would be helpful to also measure how much the 

team is objectively clear on. Because of this, part of your task will involve 
checking off how many of these things the team knows (because they 
explicitly mention it or use the information) by the end of each round. 

 
What to look for: 

 
Goal Clarity: 

 Does the team know the coordinate system? 

 Does the team know they can see messages at the bottom of the 

screen? 

 Does the team know how much water the fire truck and helicopter 

hold? 

 Does the team know the vehicles have numbers? 

 Does the team know how fast relative terrains burn? 

 Does the team know to check the wind and what it does? 

 Does the team know what the red X's are? 

 
Process Clarity: 

 Does the team know why the operations manager has two computers? 

 Does the team know that the supervisor has to check the wind? 

 Does the team know what is it that the supervisor is supposed to do? 

 Does the team know that the supervisor can't move the appliances? 

 Does the team know where the screen splits? 

 Does the team know that appliances are relegated to one screen?  
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(Manifest) Communications Processes: Roberts and O'Reilly (1976) 
found that communication frequency was related to increased 

performance across a variety of tasks. On complicated and 
interdependent tasks, team members need to discuss the task and seek 

input from one another to work together effectively. This variable has to 
do with the frequency and usefulness of team member communications. 
Your task for this variable is to look for instances where team members 

communicated effectively about the task. 
 
What to look for: 

 Information-seeking (e.g., "Do you see any fires?") 

 Fire spotting (e.g., "There's a fire at...") 

 Fire prediction (e.g., "There's going to be a fire at...") 

 Wind reporting (e.g., "The wind is going west") 

 Reporting water (e.g., "You have 60 percent of your water left) 

 Exploring abilities (e.g., "Can you see how much water I have?") 

 
We also want to look for behaviours that suggest participants are not 
communicating about the task, which will be coded as a different 

variable: 
 

What to look for: 

 Ignoring partner (i.e., no acknowledgement of instructions or feed-

back) 
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(Manifest) Strategy and Coordinated Use of Resources: Strategy refers 
to "the mechanisms by which the team attains its performance" 

(Kleinman, Luh, Pattipati, and Serfaty, 1992, p. 184). This variable has 
to do with the team's ability to work together in a coordinated manner to 

come up with a "game plan" for approaching a complicated or challenging 
task. Your task for this variable is to look for instances where the team 
communicates a plan and adjusts it when novel information is 

presented. 
 
What to look for: 

 Prioritizing fires (e.g., "The fire in the top left is really big; go there") 

 Prioritizing terrain (e.g., "Put out the houses first") 

 Strategic use of resources (e.g., "I'm going to fireproof around the 

houses") 

 Making a "system" (e.g., "I'm going to use this system to point out the 

fires") 

 Preparations (e.g., "Take this time to go refill your water") 

 Role establishment (e.g., "I'll tell you where the fires are and you go 
there.") 

 Appliance management (e.g., "The helicopter would be better for 
that.") 

 Stressing coordination (e.g., "We need to come up with a game plan.") 
 

We also want to look for behaviours that suggest participants are not 
strategizing about the task, which will be coded as a different variable: 

 
What to look for: 

 Failure to prioritize (e.g., "It doesn't really matter which ones you go 

for") 

 Failure to monitor water (e.g., "I don't know if I have water left") 

 Unhelpful behaviour (e.g., "I guess I don't have to do anything.") 

 Solitary work ("e.g., "I'll work on my part, and you work on yours.") 

 Confusion (e.g., "I don't know what he wants us to do here.") 
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 (Manifest) Interpersonal Processes: Bettenhausen (1991) suggested 
that the most successful teams will be those who combine a true concern 

for one another with a collective commitment to the task. This variable 
has to do with the team's "spirit", including how well the team members 

get along and the social environment they create while running through 
the experiment. 
 

What to look for: 

 Empathy/stress management (e.g., "I know it's hard to do.") 

 Congratulating one another (e.g., "Good job!") 

 Checking in (e.g., "Can I make this more clear for you?") 

 Team spirit (e.g., "we're going to rock this game!") 

 Agreement (e.g., "I was just thinking that!") 
 

We also want to look for behaviours that suggest participants are not 
creating a positive social environment, which will be coded as a different 
variable: 

 
What to look for: 

 Snippy attitudes (e.g., "Yeah, I just did that!") 

 Brushing off questions (e.g., "Yeah, I don't know...") 

 Disengagement (e.g., "Whatever. Who cares?") 
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(Manifest) General Mood: I would also like you to look at behaviours 
indicating the overall mood of the team during the study 

 
What to look for: 

 Humour (e.g., "Oops! There goes the cattle!") 

 Laughter 

 
We also want to look for behaviours that suggest participants are not 

creating a positive mood, which will be coded as a different variable: 
 
What to look for: 

 Frustration (e.g., "It's too hard!") 

 Aggressive cursing (i.e., not in a joking context) 

 Anger (e.g., slamming mouse, scowling) 

 Stress (e.g., frustrated sighing) 
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(Latent) Communications Processes: I would also like you to make an 
overall rating of the team's communication for each trial of the task using 

the following scale: 
 

1= Not at all 
2= Very Little 
3= To Some Extent 

4= To a Great Extent 
5= To a Very Great Extent 
 

To what extent does the team actively work to... 
 

1 Regularly monitor how well they are meeting their team goals? 
2. Use clearly defined metrics to assess their progress? 
3. Seek timely feedback about how well they are meeting their goals? 

4. Monitor and manage their resources? 
5. Monitor important aspects of their work environment? 

6. Monitor events and conditions outside the team that influence their 
operations? 
7. Develop standards for acceptable team member performance? 

8. Balance the workload among team members? 
9. Assist each other when help is needed? 
10. Communicate well with each other? 

11. Smoothly integrate their work efforts? 
12. Coordinate their activities with one another? 
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(Latent) Strategy and Coordinated Use of Resources I would also like 
you to make an overall rating of the team's strategy for each trial of the 

task using the following scale: 
 

1= Not at all 
2= Very Little 
3= To Some Extent 

4= To a Great Extent 
5= To a Very Great Extent 

 

To what extent does this team actively work to ..... 
1. Identify its main tasks? 

2. Identify the key challenges they expect to face? 
3. Determine the resources that they need to be successful? 
4. Set goals for the team? 

5. Ensure that everyone on the team clearly understands their goals? 
6. Link their goals with the strategic direction of the organization? 

7. Develop an overall strategy to guide team activities? 
8. Prepare contingency (“if-then”) plans to deal with uncertain situations? 
9. Know when to stick with a given working plan, and when to adopt a 

different one? 
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(Latent) Interpersonal Processes I would also like you to make an 
overall rating of the team's interpersonal processes for each trial of the 

task using the following scale: 
 

1= Not at all 
2= Very Little 
3= To Some Extent 

4= To a Great Extent 
5= To a Very Great Extent 
 

To what extent does this team actively work to ..... 
 

1. Deal with personal conflicts in fair and equitable ways? 
2. Show respect for one another? 
3. Maintain group harmony? 

4. Take pride in their accomplishments? 
5. Develop confidence in the team’s ability to perform well? 

6. Encourage each other to perform their very best? 
7. Share a sense of togetherness and cohesion? 
8. Manage stress? 

9. Keep a good emotional balance in the team? 
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Data Entry Process: 
 
You will have three tools to help facilitate your work as a coder: 

1. This coding scheme. 
2. A tally sheet for each team to record manifest behaviours. 

3. An Excel workbook to enter the final numbers after each round. 
 

The first thing you will have to do is make a copy of the Excel workbook 

where you will store your data for the team. It is very important that you 
do not enter the data into the original workbook. To prevent file 

corruption and make sure the same data is not saved more than once for 
different teams, you should copy the original workbook and rename it 
BEFORE starting to code for that team. 

 
The Excel workbooks will eventually be dumped into a larger file using a 
script. This can only work, however, if the completed workbooks follow a 

standard naming convention. Therefore. please name your copied 
workbook "t#", with # representing the current group you're on. This 

should not include any zeros at the beginning; so if you're entering data 
for t001, call the Excel workbook "t1". 
 

When coding the videos, the first step is to mark down every time that 
each behaviour listed on the manifest coding sheet happens. To do this, 
please use the tally sheets provided. This will ensure you are able to keep 

a running total, and will prevent you from losing count if you have to 
take a break or are momentarily distracted.  

 
At the end of each round, please enter the total count for each behaviour 
into the appropriate cells on the Excel workbook provided. It is very 

important that the numbers are put in the correct rows and columns, so 
please double check to make sure you are entering data for the correct 

behaviour at the correct time. To make this easier for you, the 
behaviours listed on the tally sheet are listed in the same order in the 
Excel workbook. 

 
Once you have done that, click on the latent coding sheet in the Excel 
workbook and enter a rating for each team process variable using the 5-

point Likert-type scale provided. Again, please be sure that you're using 
the right column when entering this data. Each team will be rated four 

times, and it's very important that the right ratings are given at the right 
times. 
 

All of the cells you have to enter data in will be highlighted in green. 
These are the only places where you should make changes to the Excel 

workbook. All other cells are protected from being edited. 
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APPENDIX I: CONTENT ANALYSIS TALLY SHEET 

 

Behaviour Time1 Time2 Time3 Time4 
Goal Clarity 

Does the team know the 

coordinate system? 

    

Does the team know they 

can see messages at the 

bottom of the screen? 

    

Does the team know how 

much water the fire truck 

and helicopter hold? 

    

Does the team know the 

vehicles have numbers? 

    

Does the team know how 

fast relative terrains burn? 

    

Does the team know to 

check the wind and what 

it does? 

    

Does the team know what 

the red X's are? 

    

Process Clarity 

Does the team know why 

the operations manager 

has two computers? 

    

Does the team know that 

the supervisor has to 

check the wind? 

    

Does the team know what 

is it that the supervisor is 

supposed to do? 

    

Does the team know that 

the supervisor can't move 

the appliances? 

    

Does the team know 

where the screen splits? 

    

Does the team know that 

appliances are relegated to 

one screen? 

    

Communications Processes 

Information-seeking     

Fire spotting     

Fire prediction     
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Wind reporting     

Reporting water     

Exploring abilities     

Ignoring Partner     

Strategy Processes 

Prioritizing Fires     

Prioritizing terrain     

Strategic use of resources     

Making a "system"     

Preparations     

Role establishment     

Appliance management     

Stressing coordination     

Failure to prioritize     

Failure to monitor water     

Unhelpful behaviour     

Solitary work     

Confusion     

Interpersonal Processes 

Empathy/Stress manag.     

Congratulating one 

another 

    

Checking in     

Team spirit     

Agreement     

Snippy attitudes     

Brushing off questions     

Disengagement      

General Mood 

Humour      

Laughter     

Frustration     

Aggressive Cursing     

Stress     

Anger     
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APPENDIX J: RESEARCH ETHICS BOARD APPLICATION 

 

University of Guelph Research Ethics Board (REB) 
 

FACULTY AND GRADUATE 

Application to Involve Human Participants in Research 

 
Please refer to the University of Guelph Research Ethics Guidelines, found at 

http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml before 

completing and submitting this application.  If you have questions about this form, please contact the 

Research Ethics Coordinator, Sandra Auld at ext. 56606, or reb@uoguelph.ca.  

 

 

 

 

 

 

 

Date: 2012-08-21 (yyyy-mm-dd) (For OR use only) Protocol#:       

 

 

SECTION A – GENERAL INFORMATION 
 

1.Title of the Research Project: Role clarity as a predictor of shared mental models in work teams 

 

 

2.Investigator Information 

 

 Name  & position Dept./Address  Phone No.   E-Mail 

Faculty with Principal 

Responsibility*: 
David Stanley Psychology X 58590 dstanley@uoguelph.ca 

Faculty:   

Co-Investigator(s)  
                        

Student: Investigator(s) Scott Cassidy Psychology 519.265.3320 cassidys@uoguelph.ca 

Other: 

Investigator(s) 
                        

 
* must be advisor of any student investigators. 

 

3. Proposed Date  a) of commencement: 2012-09-06 b) of completion: 2013-04-10 

 

Note:  The commencement date should be the date the researcher expects to actually begin interacting with 

human participants (including recruitment). The completion date should be the date that the researcher 

expects that interaction with human participants, including any feedback or follow-up, will be complete. 

Send this form and all accompanying material by email, as attachments, to reb@uoguelph.ca. One hard copy of 

the signed signature page should be forwarded to the Research Ethics Coordinator, Office of Research, University of 

Guelph, 437 University Centre, Guelph, ON, N1G 2W1.  

   

If you want to change a previously approved protocol, please complete the “Change Request” form, available at 

http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml .  

http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml
mailto:reb@uoguelph.ca
mailto:gillh@uoguelph.ca
mailto:cassidys@uoguelph.ca
mailto:reb@uoguelph.ca
http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml
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4. Indicate the location(s) where the research will be conducted: 

 

 University of Guelph      

    Other (please specify site):       

         

 

5. Other Research Ethics Board Approval 

          Yes No 

a) Is this a multi-centred study?        

b) Has any other institutional Ethics Board approved this project?    

c) If Yes, please provide the following information: 

Title of the project approved elsewhere:       

 Name of the Other Institution:       

Name of the Other Board:       

Date of the Decision:       

 A contact name and phone number for the other Board:       

OR 

 A copy of the clearance certificate / approval 

         Yes No 
d) Will any other Research Ethics Board be asked for approval?    

  If Yes, please specify:       

 

 

6. Level of the Project 

 

 Faculty Research    

PhD Thesis    

Masters Thesis    

Honours Thesis   

Class Project   

Internship   

Practicum   

 Other (please specify):       

  

 

7. Funding of the Project 

          Yes No 

a) Is this project currently funded?       

b)   Period of Funding:   From May 2012 To: May 2013 

b) Agency or Sponsor (funded or applied for)  

   CIHR:       

  NSERC:         

   SSHRC:        

  Other (please specify):       

 

Note:  Please specify the complete title of the funding source. For example, “NSERC Discovery Grant”. 

 

NOTE:  If the funding source changes, or if a previously unfunded project receives funding, you must 

submit a Change Form to the Research Ethics Coordinator. 

  

8. Conflict of Interest 

 

a) Will the researcher(s), members of the research team, and/or their partners or immediate fami-

ly members: 
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i) Receive any personal benefits (for example a financial benefit such as remuneration, in-

tellectual property rights, rights of employment, consultancies, board membership, share 

ownership, stock options etc.) as a result of or connected to this study? Yes  No  

 

ii) If Yes, please describe the benefits below. (Do not include conference and travel expense 

coverage, possible academic promotion, or other benefits which are integral to the gen-

eral conduct of research.) 

 

Not Applicable 

 

 

 

b) Describe any restrictions regarding access to or disclosure of information (during or at the end 

of the study) that the sponsor has placed on the investigator(s). 

 

Not Applicable 

 

 

c) Discuss the possibility of commercialization of the research findings. 

 

Not Applicable 

 

 

SECTION B – SUMMARY OF THE PROPOSED RESEARCH 

9. Rationale 

 

Describe the purpose and background rationale for the proposed project, as well as the 

hypotheses(is)/research questions to be examined. 

  

Organizations increasingly rely on work teams (Salas & Fiore, 2004; Boies, Lvina & Martens, 2010; 

Driskell, Radtke & Salas, 2003; Saunders & Ajuha, 2006), and a great deal of research interest in 

Industrial-Organizational Psychology has recently been devoted to the use of teams in organizations (e.g., 

Stewart & Barrick, 2000; Hoegl & Parboteeah, 2006; Chiocchio & Essiembre, 2009; Hertel, 2011). This 

line of inquiry has led to research around the ways in which individual team members come together and 

communicate to form shared cognitive representations of their tasks and team membership (Shared Mental 

Models; Cannon-Bowers, Salas & Converse, 1993; Klimoski and Mohamed 1994; Rouse and Morris 

1986). These shared mental models are shown to have a direct and strong influence on the work that a tea 

generates; however, there is a lack of consensus on the processes by which team members are able to form 

shared mental models. 

 

The role clarity literature, which has put out over 1500 publications since the 1950s, posits an 

interesting link with shared mental models that warrants explication. Roles are important for group 

structure and functioning, and define the behaviours required of an individual member who occupies a 

certain position (Katz & Kahn, 1978; Bray & Brawley, 2002). Specifically, a clear role prescribes 

individual behaviours that must be performed by an individual group member who occupies a certain 

position (Bray & Brawley, 2002), including both formally prescribed and informal roles and 

responsibilities (Mabry & Barnes, 1980). Teams often have both formal roles among individual team 

members that concern performance, as well as informal roles that emerge out of the development of social 

dynamics between team members (Bray & Brawley, 2002). 

 

By virtue of having clearer individual definitions of the task and team membership, individual team 

members should be in a position to better coordinate their various roles and abilities to effectively 

coordinate on the task, and should be more able to delegate tasks effectively, avoid wasted resources and 

ensure that all components of the task are effectively covered. Therefore, we hypothesize that participants 

who exhibit greater role clarity will also display higher levels of mental model convergence between team 

members, and subsequently evidence higher team task performance. 
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10. Methodology 

Describe sequentially, and in detail, all procedures in which the research participants will be involved (e.g., 

paper and pencil tasks, interviews, surveys, questionnaires, physical assessments, physiological tests, time 

requirements etc.)  

Experimental Task 

Participants will complete four sessions of firefighting scenarios using Networked Fire Chief, a PC-based 

simulation tool (Omodei, Taronto & Wearing, 1999). Designed to provide a flexible and portable graphic 

tool for studying complex, group-level decision making. Networked Fire Chief represents a low-fidelity 

networked simulation, an increasingly recognized method for studying team process and performance (e.g., 

Mathieu, Heffner, Goodwin, Salas & Cannon-Bowers, 2000; Weaver, Bowers, Salas & Cannon-Bowers, 

1995; Stout, Cannon-Bowers, Salas & Milanovich, 1999; Cooke, Kiekel, Salas, Stout, Bowers & Cannon-

Bowers, 2003; Fowlkes, Lane, Salas, Franz & Oser, 1994; Zhou & Wang, 2010). Using this tool, 

researchers are able to design and build "microworlds" that effectively simulate the essential attributes of 

real-life distributed decision making situations, and is noteworthy for the distributed nature of the tasks it 

offers, and the flexibility the researcher has in designing microworld scenarios (Omodei et al., n.d.). 

 

Teams will work together to control the spread of wild bush fires in a simulated microworld. The terrain in 

the microworld will consist of consumable areas that must be protected from the fire (e.g., forests), non-

consumable areas that need not be protected (e.g., rocky outcroppings), resources that must be strategically 

employed to combat fires (e.g., dams) and appliances that may be used to harness resources (e.g., 

helicopters). Participants will be assigned to one of two roles: a supervisory role  that allows the participant 

to see the entire map while preventing direct use of appliances, or an operations role that allows the 

participant to see only one part of the map at a time, but enables direct access to appliances while 

preventing a full view of the map. The two-participant team must work together to prevent the fires from 

destroying the simulated microworld from destruction. Points will be awarded for the amount of the 

microworld the team manages to save from the simulated fires. 

 

Sessions will be recorded using Morae observation software. Specifically, participants' audio, and video 

images will be observed throughout each experimental session. This will be clearly stipulated in the 

consent form, and will also be verbally explained by the experimenter prior to distributing the consent 

form. 

 

Role Clarity 

(Team-level) Process-Clarity 

Process-clarity will be manipulated by specifying the goal the team should strive to achieve. Participants in 

the high clarity condition will be told what percentage of the map top performers can realistically save, and 

are what areas they generally pay the most attention to. Participants in the low clarity condition will simply 

be told that the goal of the task is to save as much of the map as possible. Because saving the microworld 

will involve strategic sacrifices in the form of control fires or the ignoring of less important terrain and 

areas on the map (Omodei et al., n.d.), it is highly unlikely that a team could save the entire map, and 

subsequently engenders some task ambiguity. Affording team members a better idea of how much a team 

could realistically save and what areas are generally saved is likely to allow team members to better 

understand the means and ends of the task, and should result in higher process-clarity. Manipulating 

information about the performance expected of a team is consistent with previous manipulations of process 

clarity (e.g., Gerard, 1957).  

 

(Team-level) Goal-Clarity 

Goal-clarity concerns one's individual rights, duties, and responsibilities with regards to the task (Sawyer, 

1992); it will therefore be manipulated by manipulating the amount of information participants receive 

about their duties respective to those of their team member. In the high clarity condition, participants in the 

supervisor role will be told that they are to instruct the other participant about how to use resources and 

appliances, and where the fires are, because the operations manager cannot see the entire map. The 

operations manager will be told that he or she has direct access to resources, but will not be able to see the 
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full map, and will have to rely on the supervisor's direction. In the low clarity condition, each participant 

will be told his or her title (i.e., supervisor, operations manager), but will not be told how their role is 

different from that of the other participant.  

 

Manipulation Checks 

In order to ensure both variables were successfully manipulated, goal- and process-clarity will be assessed 

by using a modified version of Sawyer's (1992) ten-item goal- and process-clarity scale. Although most 

established instruments that measure role clarity and its facets are specifically designed for use in 

organizations (e.g., Sawyer, 1992; Rizzo, House & Lirtzman, 1970), researchers have successfully adapted 

the language and contextual inferences of these items for use in other settings as well (e.g., Bray & 

Brawley, 2002). Sawyer's measure was selected on the basis of measuring goal and process-clarity as 

separate constructs, as opposed to measuring role clarity as a single variable. All ratings will be made on a 

9-point Likert-type scale ranging from 0 (Not at all Clear) to 8 (Very Clear). The scale was arranged from 0 

to 8 instead of -4 to 4 in order to encourage participants to think of the lower scores as representing the 

absence of clarity as opposed to the converse of clarity (Schwarz, 1999). The questionnaire is presented in 

Appendix 1. 

 

Mental Model Convergence Process 

Several researchers have argued that mental models converge through interaction between team members, 

which allows for the effective dissemination of task-relevant information between team members (Rentsch, 

1990; Walsh et al., 1988) Following this logic, the mental model convergence process will be assessed 

behaviourally by recording each team's experimental sessions using Morae observation software, and 

coding the transcripts of team members' communications for critical incidents of communications variables 

considered important for effective team discussion, specifically: sharing task-relevant information (e.g., 

Xie, Zhu & Wang, 2009), discussing task demands (e.g., Cooke, Salas, Cannon-Bowers & Stout, 2000), 

discussing possible scenarios the group could encounter (e.g., Fiore, Salas & Cannon-Bowers, 2001), 

discussion of team member roles and preferences (e.g., Cannon-Bowers, Salas & Converse, 1993), and 

discussion of team and task equipment (e.g., Mathieu, Heffner, Goodwin, Cannon-Bowers & Salas, 2000). 

 

Critical incident analyses have been established in the literature as an effective way to develop 

behaviorally-oriented measures for team process variables such as mental model convergence (Brannick, 

Salas & Prince, 1997). A statement matching methodology will then be used, in which trained coders will 

examine transcripts, and match the statements made in the transcripts to the critical incidents  of interest 

(Smith & Kendall, 1963). 

 

Shared Mental Models 

Task- and team-based shared mental models will be assessed by having participants independently rate the 

perceived relatedness of seven key task attributes and seven key team attributes on a Likert-type scale. Key 

task attributes were drawn from technical documentation and include ratings of: fire spreading, wind speed, 

appliance movement, resource depletion, landscape combustibility, available appliances, and map size. Key 

team attributes will be drawn from Mathieu et al. (2000), and will include: amount of information, quality 

of information, coordination of action, roles, liking, team spirit, and cooperation (Mathieu, Heffner, 

Goodwin, Salas & Cannon-Bowers, 2000). All ratings will be made on a 9-point Likert-type scale ranging 

from -4 (strong negative relation) to 4 (strong positive relation). Participants will complete the mental 

model questionnaire after completing each scenario.. The shared mental model questionnaire is presented in 

Appendix  2. 

 

At its core, having a shared mental model implies that overlap exists between team members' cognitive 

representations of their task and team membership (Cannon-Bowers, Salas & Converse, 1993). Following 

this logic, the presence of task- and team-based shared mental models will also be assessed behaviourally 

by coding critical incidents of team member disagreement, indicating a lack of mental model convergence. 

Specifically, one team member will be randomly assigned to explain the purpose of the Networked Fire 

Chief simulation to a confederate listener. The other team member will be assigned to correct any errors in 

the explainer's explication. This explanation will be recorded, and the transcript of the explanation will be 

coded for instances of team member disagreement, specifically instances where a team member corrected 

the explainer. 
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11. Experience 

 

What is your experience with this kind of research? 

 

As a second-year Master's student, I have been prepared for conducting this form of research over the 

course of my graduate and undergraduate studies as Guelph. I conducted similarly focused research during 

my honours thesis. Prior to this, I received 80%+ on two courses aimed at preparing students for writing 

their honours and Master's thesis, both of which required me to conduct psychological studies for course 

credit. As well, my supervisor, Dr. Stanley, has many years of research experience. 

 

 

12.Participants 

 

Describe the number of participants and important characteristics (such as age, gender, location, affiliation, 

etc.) 

 

Participants will be drawn from the University of Guelph’s mass participant pool for psychology 

research, which is used to advertise study participation to undergraduate students at the University of 

Guelph enrolled in introductory psychology courses. The study will also be advertised to University of 

Guelph students at lectures and in public spaces on campus. The majority of participants are expected fall 

between the ages of 17 and 25, and have less than ten years of work experience. Based on the demographic 

makeup of the University of Guelph student body, the participant pool is also expected to have a greater 

number of female than male participants. The study will be advertised to students during the Fall 2012 and 

Winter 2013 semesters. Participation in the study will be compensated with a course credit bonus for 

students recruited through the SONA system. Students recruited through on-campus recruiting will be 

compensated for their participation by being entered into a draw to win $100.00 after the study's 

conclusion. In addition, a prize of $50.00 will be awarded to the highest performing team in each condition 

of the study; this is done to encourage participants to sign up for the study, as well encourage teams as 

strive to complete the task to the best of their abilities. The study will be run using teams of between 2-3 

participants, and at least 50 teams are expected. Recruitment materials are presented in Appendices 6 and 7. 

 

 

 

13.Recruitment 

 

a) Describe how and from what sources the participants will be recruited, including any relationship be-

tween the investigator(s) and participant(s) (e.g., instructor-student; manager-employee).  

 

Note: Attach a copy of any poster(s), advertisement(s) or letter(s) to be used for recruitment. 

 

Participants recruited using the University of Guelph’s SONA system are expected to be enrolled in 

an introductory psychology class at the University of Guelph. Other participants are expected to comprise 

mainly of undergraduate University of Guelph students. 

 

b) How and where will you contact these participants? 

 

Participants will be recruited throughout the Fall 2012 and Winter 2013 semesters using the online 

SONA system, available to any student enrolled in introductory psychology courses offered at the 

 

Task Performance 

Team task performance will be assessed using each team's success in the experimental scenarios. 

Specifically, different types of terrain will be assigned a value corresponding to its perceived importance in 

the simulation; after each simulation trial, each team will receive a score corresponding to the aggregated 

value of each piece of terrain the team saved from the simulated wildfires. 
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University of Guelph. In addition, participants will be verbally recruited by advertising the study in lectures 

and in public spaces on campus during the Fall 2012 and Winter 2013 semesters. If recruitment is 

conducted in Dr. Stanley's class, the recruiter will announce the study at the end of the lecture, after Dr, 

Stanley has left the room. Furthermore, It will also be stressed that Dr. Stanley will have no knowledge of 

who participated until after final grades are assigned in this course. This will be done to avoid exerting 

undue pressure on students in order to secure their participation. 

 

In order to control for any systematic differences between first year psychology undergraduate 

students and other students, participants will be asked to indicate their major area of study and year, along 

with their role on a form for the researcher. The form is presented in Appendix 8. 

 

 

c) Time required of participants:  1.00 hour(s) on 1 occasion(s). 

 

 

      

 

 

Yes No 

d) Are participants proficient in the language in which the survey is being conducted?    

 If not, is translation available?         

 

 

      

 

 

 

14.  Compensation 

            

a) Will participants receive compensation for participation?   Yes No 

i) Financial         

ii) Non-financial         

  

b) If Yes to either i) or ii) above, please provide details.   

 

Participants enrolled in introductory psychology (drawn from the SONA system) will receive a 1.0% 

course credit bonus for participation. Participants not drawn from the SONA system will be compensated 

with a chance to win $100.00 after the study's conclusion. Furthermore, each participant in the highest 

performing team for each role clarity assignment will be awarded $50 after all participants have been run; 

the winners will be contacted by e-mail after the study's conclusion. At least 50 participant teams are 

expected, and there are two $50.00 prizes, one for each assignment; therefore, participants can expect a 

one-in-twenty-five chance of winning a $50.00 prize (though this is determined by performance, not 

chance). The majority of participants are expected to be drawn from the SONA system, and will not be 

eligible for the $100.00 draw. If 50 teams are run, 150 participants will be run. Assuming the maximal 100 

students are drawn from the SONA system, participants who are eligible can expect a one-in-fifty chance of 

winning the $100.00 prize. 

 

 

c) If participants choose to withdraw, how will you deal with compensation? 

 

Participants enrolled in introductory psychology courses will still receive a 1.0% course credit bonus 

for participation. Other participants will still be entered into a draw to win $100.00 after the study's 

conclusion. In both cases, the performance of the team will also still be considered; a confederate "stand-

by" will take the place of the absent team member for the remainder of the task in order to prevent the team 

from losing an opportunity to win the $50.00 prize. 
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SECTION C – DESCRIPTION OF THE RISKS AND BENEFITS OF THE PROPOSED 

RESEARCH 

 

15.   Possible Risks 

 

Indicate if the participants might experience any of the following risks:  Yes No 

 

a) Physical risk (including any bodily contact or administration of any   

substance)?         

 

b) Psychological risks (including feeling demeaned, embarrassed worried  

or upset)?         

 

c) Social risks (including possible loss of status, privacy and/or reputation)?   

 

d) Is there any deception involved?       

 

e) Are any possible risks to participants greater than those the participants 

might encounter in their everyday life?      

 

f) If you answered Yes to any of points i) through v) above, please explain the risk. 

 

Because the experimental task is ambiguous, time-sensitive and involves a great deal of interaction 

and communication between team members, it is possible that participants may feel some degree of 

pressure while completing the experimental task. In addition, the  high level of interaction involved may be 

somewhat uncomfortable for highly introverted or shy participants. Participants in the low clarity condition 

may also feel as though they were denied a fair chance to complete the experimental task to the best of their 

abilities due to their assignment. 

 

g) Describe how the risks will be managed (including an explanation as to why alternative ap-

proaches could not be used).    

 

Participants will be warned about the possibility of fatigue, stress and discomfort both verbally and 

on the consent form prior to beginning the experimental task. The researcher will also monitor participants 

during the task to gauge their stress levels and ensure no one is experiencing an inordinate amount of 

pressure. 

 

Any resentment participants may feel about their assignment will be addressed during the debriefing 

process; the experimenter will inform participants that there were two role clarity assignments, and 

elaborate on the random nature of the assignment, as well as stress that there are two competitions for $50 

gift certificates, one for each assignment. This means that participants all stand an equal chance of winning 

the competition regardless of their initial assignment. 

 

16. Possible Benefits 

 

Discuss any potential direct benefits to the participants from their involvement in the project.  Comment on 

the (potential) benefits to the scientific community/ society that would justify involvement of participants 

in this study.     

 

Participants, all of whom are expected to be enrolled in introductory psychology courses, will learn 

about participating in psychological research at Guelph, as well as learn about how teams function in 

organizational contexts. 

 

In the grander scheme, participation in the study will also help the researchers posit a theoretical 
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explanation for mental model convergence that will build consensus around current theoretical 

perspectives. This in turn could improve the use of teams in organizations, and allow employers to create 

more effective teams and foster more effective team processes. 

 

 

 

SECTION D – THE INFORMED CONSENT PROCESS 

 

17. The Consent Process 

 

a) Describe the process that the investigator(s) will be using to obtain informed consent, includ-

ing a description of who will be obtaining the informed consent.  If there will be no written 

consent form, explain why.  

 

Participants will be recruited via the University of Guelph’s SONA system for psychological 

research, or alternatively through on-campus recruiting as described above. After arriving in the lab for the 

study, all participants will be given a standard consent form to fill out in order to ensure that the 

investigator has their full informed consent to carry out the study. Recruitment materials are presented in 

Appendices 6 and 7. 

 

 

For information about the required elements in the letter of information and the consent form, please refer 

to “Instructions for the Preparing Information and Consent Letters” and the sample consent form available 

at http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml.  

 

Note: Attach a copy of the Letter of Information (if applicable), the Consent Form (if applicable), the 

content of any telephone script (if applicable) and any other material which will be used in the informed 

consent process. If the document will be made public, please ensure that it is on University of Guelph 

letterhead.   

 

Not Applicable 

 

 

b) Will the information provided to the participants be complete and accurate? Yes  No  

 

If no, please describe the nature and extent of the deception involved. Include how and 

when the deception will be revealed, and describe the specialized training of the person who will 

administer this feedback. It is recommended that participants have the opportunity to sign a second 

consent form, following debriefing when the deception is revealed, to ensure a fully informed 

consent. 

 

Note: Attach a copy of the debriefing feedback and, if necessary, a copy of the second 

consent form on University of Guelph letterhead. 
 

 

Not Applicable 

 

 

18. Consent by an authorized party 

 

If the participants are minors or for other reasons are not competent to consent, describe the 

proposed alternate source of consent, including any permission / information letter to be provided 

to the person(s) providing the alternate consent.  

 

All participants will be able to give informed consent. 

http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml
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19. Alternatives to prior individual consent  

 

If obtaining individual participant consent prior to starting the research project is not 

appropriate for this research, please explain and provide details for a proposed alternative consent 

process.  

 

Not Applicable 

 

 

20. Participant feedback 

 

Explain what feedback/ information will be provided to the participants after participation in 

the project. (For example, a more complete description of the purpose of the research, or access to 

the results of the research). 

 

 Note: Please provide a copy of the written information, if applicable.  
 

After each participant’s session, he or she will be told the basic background of the study, specifically 

about team processes and the factors that influence them. In addition to this, participants will be given an e-

mail address to contact with any questions regarding the study, inquiries for further information, or the 

opportunity to obtain a copy of the results of the study. Study results will be sent electronically to 

participants along with a basic summary upon request after the study's conclusion. The debriefing letter is 

presented in Appendix 5. 

 

 

21. Participant withdrawal 

a) Describe how the participants will be informed of their right to withdraw from the project. 

Outline the procedures that will be followed to allow the participants to exercise this right. 

 

At the outset of the study, participants will be informed that they have the right to withdraw at any 

point during the study without penalty. They will be told this before signing the initial consent form, and 

the right to withdraw will be re-iterated on both consent forms themselves. The team's performance will 

still be considered, and a confederate "stand-by" will take the place of the absent team member for the 

remainder of the task in order to prevent the team from losing an opportunity to win the $50.00 prize. The 

consent forms are presented in Appendices 3 and 4. 

 

 

b) Indicate what will be done with the participant’s data and any consequences for the partici-

pant of withdrawing from the study.  

 

All participants who enrolled through the SONA system will receive a 1.0% course credit bonus to 

their final introductory psychology grade, regardless of whether or not they withdraw. Participants who 

enrolled from outside of the SONA system will still be entered into the $100.00 draw. Because a 

confederate can take the team member's place, performance data for that team and team process data (role 

clarity, shared mental models, etc.) from the remaining team members can still be considered. 

 

 

c) If the participants will not have the right to withdraw from the project, please explain. 

 

      

 

 

SECTION E – CONFIDENTIALITY 
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22. Ensuring confidentiality 

 

          Yes No 

a) Will all participants be anonymous?       

 

b) Will all data be treated as confidential?       

 

Please note the difference: Participants’ identity/data will be confidential if an assigned ID code or 

number is used, but it will not be anonymous. Anonymous data cannot be traced back to an individual 

participant. 

 

c) Describe the procedures to be used to ensure anonymity of participants and/or confidentiality 

of data both during the conduct of the research and in the release of its findings. 

 

Participation in the study will be strictly confidential. All data will be reported at the team level, and 

any reported results will not go into detail about specific participants In order to identify the winners of the 

$50.00 prize, however, team performance data will need to be traced back to individual participants. 

Furthermore, video coding will allow individual participants to be recognized. Therefore, data will not be 

anonymous. Instead, individual data will be coded by assigning random numbers to participants in order to 

avoid linking the images and data to their identities. 

 

 

d) Explain how written records, video/audio tapes and questionnaires will be secured, and pro-

vide details of their final disposal or storage. 

 

Records, including audio and video recordings that could be used to identify participants, will be 

kept electronically on a secure University server in a secure, locked location. Additional data that cannot be 

traced to individual participants may also be kept on the investigator's computer, which is password 

protected, encrypted, and stored in a locked location only accessible to the investigator.. No hard copies of 

data will be kept. 

 

 

e) If participant anonymity or confidentiality is not appropriate to this research project, explain, 

providing details of how all participants will be advised of the fact that data will not be anon-

ymous or confidential.  

  

Participants will be advised that all reporting of results will be done at the aggregate team level, and 

will not be traced back to individual participants in the reported results. The security of electronic records 

will be emphasized; all data that can be traced back to individual participants (i.e., video and audio 

recordings) will remain on a secure University server with limited access (see above). Furthermore, the 

researcher will emphasize that individual participants will receive a random code to identify them, one 

which cannot be traced to their names or identities. A separate record of team performance, including team 

membership, will be retained until the end of data collection to facilitate the distribution of the $50.00 

prize; however, the researcher will inform participants that these particular records will be destroyed after 

the prize has been given, preventing linkages to participants' identities. 

 

 

SECTION F – MONITORING ONGOING RESEARCH 

 

 

23. Annual Review and Adverse Events  

 

a) Minimum protocol review requires the completion of a “Renewal/Completed Status Report” 

at least annually. Indicate whether any additional monitoring or review would be appropriate 

for this project. 
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Note: It is the investigator’s responsibility to notify the REB using the 

“Renewal/Completed Status Report” when the project is completed, or if it is cancelled. The 

form is available at 

http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml.  

 

 

Not Applicable 

 

 

 

b) Adverse events (unanticipated negative consequences or results affecting participants) must 

be reported to the Research Ethics Board and the Research Ethics Coordinator as soon as pos-

sible. 

 

24. Additional Information 

 

(Use an additional page if more space is required to complete any sections of the form, or if 

there is any other information relevant to the project that you wish to provide to the Research 

Ethics Board.) 

 

Not Applicable 

 

 

 

SECTION G – SIGNATURES 

 

 

Responsible Faculty Assurance: 

 

 I, ____________________________ [PLEASE PRINT] have the ultimate responsibility for the 

conduct of the study described in this application including my responsibilities as an advisor to any 

students involved in this project. I have read and am responsible for the content of this application. If 

any changes are made in the above arrangements of procedures, or adverse events are observed, I 

will bring these to the attention of the Research Ethics Coordinator. 

 

 

               (yyyy-mm-dd) 

Signature          Date 

 

  

http://www.uoguelph.ca/research/forms_policies_procedures/human_participants.shtml
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APPENDIX K: LAB SPACE LAYOUT 
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