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The Properties of Shared Mental Models 

SMMs between team members in a team can be both similar and complementary (Mohammed et al., 

2010) to enable them to have common expectations (Cannon-Bowers et al., 1993; Mohammed et al., 

2010). This property of SMMs is called mental model similarity (Resick et al., 2010). Whether team 

members have more similar or more complementary mental models depends on the team goals and 

the task environment. For example, to perform multidisciplinary tasks, effective teams would need 

specialized roles, functions and complementary knowledge (Cooke, Salas, Kiekel, & Bell, 2004). In 

tasks in which team members can interchange roles, highly similar mental models may be more 

beneficial (Banks & Millward, 2000). Therefore, SMM theory assumes that knowledge should be 

similar or compatible, but not identical (e.g. Cannon-Bowers et al., 1993; Rentsch, Small, & Hanges, 

2008; Webber, Chen, Payne, Marsh, & Zaccaro, 2000). If all knowledge among team members was 

exactly alike there would be no extra gain, thus no need for a group effort (Badke-Schaub et al., 

2007). 

SMMs in different task and team contexts should not only be distinguished by their similarity 

but also by their accuracy. Mental model similarity and accuracy are closely related since 

conceptually accurate mental models are more likely to be similar (Banks & Millward, 2007; 

Edwards, Day, Arthur, & Bell, 2006). Mental model accuracy refers to the quality of knowledge, 

often defined as the correctness of rules, concepts and schemas of the real world (Marks, Zaccaro, & 

Mathieu, 2000). Mental model accuracy increases with task expertise, so that teams consisting of 

experts are more likely to hold mental models close to the real world and similar to each other 

(Edwards et al., 2006). In contrast, teams holding similar mental models do not necessarily have 

accurate mental models and in that case are unlikely to perform well. This idea becomes clear in the 

scenario sketched in the beginning. In the scenario, two controllers relieve their colleagues without 

communicating that an adjacent airport is closed. The fresh-starting controllers therefore miss 

important information and inaccurately assume that the adjacent airport is open. Thus, although their 

knowledge is similar (both assume that the adjacent airport is open), it is also inaccurate as the airport 

is actually closed due to severe weather. This initially leads to inefficiency in the traffic flow because 

mistakenly cleared aircraft have to be redirected.  

Consistent empirical evidence is lacking on the acknowledged role of mental model accuracy, 

because research has mainly focused on mental model similarity. One reason is that typically in 

complex task environments multiple accurate mental models exist (Mathieu et al., 2010). In ATC for 

example, a number of strategies can help to avoid overload on an airport. Controllers could accelerate 

the amount of aircraft leaving the airport or they could temporary close the airport for inbound traffic. 

Both strategies are accurate, which makes it difficult to determine a reference model for mental model 

accuracy (Edwards et al., 2006; Mathieu et al., 2010). Nevertheless, accuracy remains an important 

property of the SMM construct and research has yet to establish how both properties are exactly 

related to team performance (Lim & Klein, 2006). 





Chapter 1 

18 | P a g e  

Development of shared knowledge becomes a challenge when information exchange between 

team members is restricted (Stedmon et al., 2007). Such a situation occurs in ATC if team members 

communicate via datalink. Datalink communication restricts free information exchange as it only 

allows the communication of pre-defined messages, thus should hamper the development of SMMs 

(Andres, 2012). Knowledge sharing is specifically interesting in facilitating SMM development when 

team members communicate via datalink. Therefore, the effect of knowledge sharing on SMMs are 

studied during verbal communication and during datalink communication. 

Team Effectiveness and Team Adaptation 

Team members who have developed SMMs are believed to perform and adapt more effectively. The 

following sections therefore describe the relationship between SMMs and team outcomes. The section 

starts with the effects of SMMs on team effectiveness in general and subsequently details into one 

form of team effectiveness, namely team adaptation.  

Team effectiveness 

SMMs have most often been studied with the underlying assumption that mental model similarity and 

accuracy positively contribute to team effectiveness. Recent meta-analyses strongly support this 

assumption (DeChurch & Mesmer-Magnus, 2010a, 2010b). Team effectiveness are represented by a 

number of outcome variables, such as team performance, decision quality, or safety, and has been 

assessed in various laboratory and field studies (e.g. Edwards et al., 2006; Gurtner, Tschan, Semmer, 

& Nägele, 2007; Kellermanns, Floyd, Pearson, & Spencer, 2005, 2008; Lim & Klein, 2006; H. H. 

McIntyre & Foti, 2013; Smith-Jentsch et al., 2005).  

Although mental model similarity can contribute to team effectiveness, this relationship 

seems to depend on the type of SMM. Mathieu and colleagues (2010), for example, found that task-

related mental model similarity revealed a positive linear relationship with team performance, 

whereas team-related mental model similarity did not. The authors suggest that team-related SMMs 

take more time to develop and that short-term laboratory studies are inadequate to capture this 

process. In addition, relationships are more complex than often assumed. Interactive effects of team-

related and task-related SMM may occur when predicting team effectiveness (Mathieu et al., 2010; 

Smith-Jentsch et al., 2005). For example, team-related mental model similarity of 306 ATCOs 

moderated the relationship between task-related mental model similarity and team effectiveness 

(Mathieu et al., 2010). In other words, the relationship between similar task-related mental models 

and performance was stronger when team members also had more similar team-related mental 

models.  

Different results have also been found for mental model similarity and accuracy (Banks & 

Millward, 2007). Accurate procedural knowledge of student teams positively predicted team 

performance, but procedural knowledge similarity negatively affected team performance. The authors 





Chapter 1 

20 | P a g e  

turn facilitate the development of accurate mental models in novel situations. However, they also 

indicate that this interpretation may only be true under certain conditions, e.g. for inexperienced teams 

in their early developmental phases with immature SMMs (Marks et al., 2000). But also experienced  

team members may still be inexperienced on tasks that rarely occur, such as emergency situations in 

ATC (Malakis, Kontogiannis, & Kirwan, 2010a; Malakis et al., 2010b). It is possible, that these teams 

have inaccurate although similar mental models when they encounter a unique situation. 

The positive effect of both mental model similarity and accuracy on team adaptation was 

demonstrated for a less dynamic and complex task in a laboratory experiment (Randall, Resick, & 

DeChurch, 2011). Project student teams participated in decision-making task on city management that 

first required managing the growth of a new city and then suddenly the revitalization of a developed 

city. Project teams with highly similar and accurate mental models about task strategy easily adapted 

their strategies. They also made more effective decisions in novel situations than teams with less 

similar and accurate mental models. Mental model accuracy contributed to adaptive team performance 

by helping team members to generate and evaluate the effectiveness of possible strategies in new 

situations. Mental model similarity enables team members to agree on one strategy and coordinate the 

implementation (Randall et al., 2011).  

These findings support the cyclic model of team adaptation (Burke et al., 2006) that 

emphasizes the importance of SMMs in three subsequent phases of the adaptive process. This means 

that SMMs help team members to assess the new situation in a similar way, formulate a common plan 

of how to approach the new situation and coordinate the execution of the plan successfully. In 

addition, the interactive process between team members when adapting to a change further reinforces 

their SMM. This close relationship between SMMs and team adaptation implies that adaptive team 

performance is not possible in the absence of SMMs (Burke et al., 2006). Team members adapt 

proactively when they have a similar understanding of the equipment, the task and the roles and 

responsibilities of other team members.  

Despite the suggested positive effects of SMMs on team adaptation, there are also some 

concerns. In profoundly changing situations mental models may tend to alter too slow and rest upon 

incomplete false information (Uitdewilligen et al., 2010). This may result in a mismatch between 

mental models and the environment and a decrease of mental model accuracy. Any delay in 

successful knowledge updates may consequently lead to a performance drop (Weick, 1990). This may 

hold true especially for initially successful teams who suddenly face a rapid change in the 

environment. These teams have developed stable and effective SMMs over a prolonged period of time 

and this actually hampers them from quickly adapting to a sudden unforeseen change (Audia, Locke, 

& Smith, 2000). This thought is in line with and extends the established idea from cognitive 

psychology that automated behaviour is hard to change (Sternberg, 2008). 

In contrast to ideas of the cyclic model of team adaptation (Burke et al., 2006), Uitdewilligen 

and colleagues (2010) argue that SMMs may be detrimental in the first two phases of the adaptive 
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information exchange between team members of newly formed teams helps to align individual mental 

models (Zijlstra et al., 2012). During this mental model convergence process overt communication is  

crucial in reaching cognitive consensus (Andres, 2012; McComb, 2007). Further study is required to 

understand this apparent positive effect of communication on SMMs that only a few studies have 

examined previously (e.g. Jo, 2012; MacMillan et al., 2004; Wilson, Salas, Priest, & Andrews, 2007). 

Therefore, communication plays an essential role in this dissertation. Communication is used as an 

indicator of team behaviours associated with SMMs. In addition, the direct relationship between 

communication and SMM development is investigated. Particularly, it is tested whether 

communication between team members contributes to SMM development. 

The Two-Level Approach of Shared Mental Models 

This section introduces the Two-Level Approach of SMMs, which clarifies how the concept of SMMs 

is approached in the subsequent studies of this dissertation. Figure 1.1 illustrates the model including 

the main idea is that studying the reflection on knowledge by experts reveals different results than 

studying the use of knowledge in a dynamic task setting. The model is based on ideas of declarative 

versus procedural knowledge (Anderson, 1981) and on observations and conversations with ATCOs 

in the field. 

The various circumstances in which ATCOs apply their knowledge are innumerable because 

every traffic situation is unique due to the influence of numerous factors, such as weather, capacity 

limitation and aircraft performance. These complex situations are inherent to ATC, but applies also to 

other dynamic work environments. In these often quickly changing environments, experts use their 

Figure 1.1. The Two-Level Approach of SMMs 
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Chapter 2   

Identifying shared mental models within 
teams of air traffic controllers: A cognitive 

task analysis 
 

 

 

 

Notions about shared knowledge suggest that team members share multiple types of mental models 

and the present study tests this theoretical assumption in the domain of air traffic control. This is 

important because shared mental models contribute to efficient teamwork but the often abstract nature 

of the construct prevents its successful application in the field. We identified knowledge elements that 

are applied and shared by air traffic controllers through a cognitive task analysis comprising three 

methods of qualitative data collection. First, preliminary conceptual modelling served to build an 

initial and general structure of the air traffic control task. This contributed to the next two research 

steps, which elicited shared knowledge among air traffic controllers through interviews and 

observations. Data from these investigations yielded a framework for shared mental models in air 

traffic control teams. This study shows that controllers should possess and share knowledge pertaining 

to the equipment, the task, the team, team interaction and the situation. It is discusses how this insight 

differs from existing typologies and how it can contribute to training design and team performance 

assessment in air traffic control.  
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determine whether sharing specific knowledge is functional. The second research question therefore 

is: What is the functional relevance of sharing separate types of mental models in ATC? 

The third research question addresses the context (or situation) and refers to whether shared 

knowledge is applicable in a number of situations that ATC teams are commonly exposed to (Cannon-

Bowers et al., 1993; Kozlowski, Watola, Jensen, Kim, & Botero, 2009). They often face unusual 

occurrences and situations that are associated with uncertainties (Malakis et al., 2010a). Such unique 

situations may require different combinations of mental models to apply existing knowledge in a 

flexible way. This means that this final research issue requires investigating the influence of the 

context on individual or SMMs. The third research question is: How do the identified mental model 

types in ATC apply in various situations? 

The research questions will be answered on the basis of a cognitive task analysis consisting of 

three subsequent qualitative data collection methods. The incremental findings from these methods 

will be collated into a structured overview that identifies the most prevalent and shared knowledge 

elements in ATC teams. The next section first describes the difficulties in eliciting (shared) 

knowledge structures in teams that operate in dynamic task environments and how cognitive task 

analysis can help to overcome these difficulties. 

Cognitive Task Analysis to Elicit Shared Knowledge in ATC Teams 

Gaining access to shared knowledge in ATC teams is difficult because these teams perform in a 

highly complex and dynamic environment in which the use of knowledge changes rapidly (Malakis et 

al., 2010b). The present study approaches these difficulties by applying a cognitive task analysis 

(CTA), which enables the understanding of the cognitive requirements of individuals who interact in 

complex environments (Crandall, Klein, & Hoffman, 2006). CTA is often applied to provide a 

systematic cognitive overview of knowledge structures, processes and strategies as they occur in 

natural settings (Craig et al., 2013; Klein & Militello, 2001; Mohammed et al., 2010; Seamster, 

Redding, & Kaempf, 1997). The method has been applied successfully in various dynamic 

environments including aviation (Hess, MacMillan, Serfaty, & Elliot, 1999; Niessen, Leuchter, & 

Eyferth, 1998; Seamster, Redding, Cannon, Ryder, & Purcell, 1993).  

CTA mostly employs one or more data collection techniques to obtain knowledge from 

operational experts (Schraagen, Chipman, & Shalin, 2000). In fact, a combination of techniques 

(mixed methods) is recommended to increase the validity of the results (Crandall et al., 2006). The 

present study applies three methods in a stepwise manner, namely preliminary conceptual modelling 

of the ATC task, semi-structured interviews and lastly observations. This mixed-method approach is 

meant to compare existing notions of SMMs (Cannon-Bowers et al., 1993; Mathieu et al., 2000; 

Mohammed et al., 2010) with the knowledge structures that are actually shared among ATCOs. Such 

a comparison should both demonstrate how and when sharing knowledge in ATC is functional and 

add more detail to SMM theory. 







Chapter 2 

34 | P a g e  

controllers with experience as radar controller, supervisor and operational expert. All were male and 

had an average working experience of 25 years (SD = 10.69). The focus group interview allowed 

discussion among interviewees, which enabled an immediate comparison between various 

perspectives on for example, effective (team) task strategies or the impact of trust on team functioning 

(cf. Schraagen et al., 2000). In other words, the approach was selected to increase the understanding 

on the aspects controllers strongly agreed on and also on those aspects that were subject to 

interpretation as based on individual opinions and attitudes.  

Two additional individual interviews of two hours were conducted with two male controllers. 

One was a radar controller with one year of work experience as both planner and radar controller. The 

other had 13 years of experience including six years of experience as a supervisor. This latter 

interview focused exclusively on the requirements of the supervision function and thus offered an 

additional perspective. Both interviewees were male and each session took about two hours. 

Interview scheme. All interviews were performed according to a predefined interview 

scheme. The interview scheme (Appendix II.I) was developed on the basis of the overview that 

resulted from the preliminary conceptual modelling (Figure 2.1). Each interview addressed six aspects 

that captured individual knowledge, shared knowledge and task context according to the earlier 

formulated research questions.  

The first three aspects covered individual task and equipment knowledge and were 

approached via a scenario-based interview technique that has been applied in a range of aviation-

related studies (e.g. Van der Pal, 2005). This technique aimed to reveal authentic aspects of 

operational conditions and competencies that go beyond the basic skills, knowledge levels and formal 

tasking. For that purpose, the three operational experts that were part of the interview panel were 

encouraged to consider the ATC task from a number of perspectives (e.g. planner or radar controller). 

They answered questions about both routine and non-routine working days, and were asked to 

describe the situations that make ATC tasks particularly difficult or complex.  

The remaining three aspects covered by the interview scheme had a direct relevance to 

teamwork and shared cognition. The aim was to reveal team competencies, interrelation of different 

team members, and how, when and what knowledge controllers need to share.  

Observations 

The third data collection method included a number of observations of ATCOs at work and was 

meant to focus primarily on knowledge application and knowledge sharing during task performance 

(Crandall et al., 2006). The goal was to determine specific knowledge requirements on task 

procedures and potential automatic processes within a team. These included interactions with the 

workstation and with other team members, but also pertained to how ATCOs handle the (changing) 

environmental constraints in which they have to operate. These cognitive aspects were assumed to 

become manifest in observed behaviour, such as communication, coordination, and teamwork 
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important in these non-nominal situations, as this makes the situation less demanding (Waller et al., 

2004) and makes it possible to spend more mental resources on role-specific tasks (cf. Malakis et al., 

2010b).  

A third finding that refers to context-specific shared knowledge in ATC, is that shared 

knowledge structures differ throughout the entire ATM system. These differences make functional 

sense, and different teams only share the necessary amount of information to ensure effective 

teamwork and a safe airspace. 

Practical Implications 

The present study has a number of important practical implications. The findings can contribute to 

efficient teamwork in ATC and confirm the applied value of studying SMMs in real team 

environments. The suggested framework can be useful to evaluate existing training programs on 

completeness and developing new ideas to further improve teamwork between ATCOs.  

The customised mental model types defined in this study may help to define training content 

and set up lessons with illustrative and meaningful examples specific to ATC. Indeed, the results 

typically emphasize the need for various task contexts and situations in training, to make it possible to 

train the flexible application of shared knowledge. A recent example of such an approach is a 

computer-based training that provide concrete examples of teamwork to improve mental models of 

submarine attack teams (Smith-Jentsch et al., 2001).  

The suggested framework may also be used to diagnose performance issues and explain 

performance differences between teams in ATC. The framework can show potential shortcomings of 

team members who fail to anticipate information needs. Additional training may remedy such an issue 

as these ineffective team members may have insufficient insight into the roles of fellow team 

members or may have a deviating perception of task goals.  

Potential Benefits and Limitations of the Present Approach 

The mixed method approach applied in the present research was appropriate as a basis for a CTA. 

Preliminary conceptual modelling, interviews and observations were the basis to answer three 

research questions on the use of shared knowledge in ATC in terms of structure, function and context. 

This approach started with a conceptual model of the competencies of individual ATCOs in light of 

the main goals, and work from there to appraise both verbal reports and observed behaviour. 

Interviews made it possible to infer knowledge structures from the report by experts in the field and 

observations gave additional insights of how ATC should work in unforeseen situations.  

Even though CTA is considered as an effective approach to study SMMs in complex 

cognitive settings (Mohammed et al., 2010), the qualitative methods of data collection on which the 

task analysis it based are thought to have certain limitations such as subjectivity. In the present study 
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we tried to minimize these limitations through using three different data collection methods. Also, it is 

important to realize that participants were experienced experts in the field. 

The reader should note that only area control ATCOs participated in both interviews and 

observations. While basic competencies and knowledge are comparable to other functions in ATC, a 

more complete picture may be gained to include for example approach control in future studies. As a 

comparison, most other research on cognitive aspects in ATC, either focus on en-route control or have 

not specified the target group at all (e.g. EATMP, 1999; Niessen & Eyferth, 2001; Seamster et al., 

1993).  

The resulting framework identifies (shared) mental models of ATCOs, but this general outline 

is unable to specify the vast amount of knowledge that is actually shared among controllers. The 

present outcomes were neither able to specify how knowledge accuracy and similarity relates to team 

performance in ATC. These relationships should be part of subsequent studies.  

To conclude, this study developed a typology that captures domain-specific mental models of 

ATCOs. This gives insights into their behaviours, knowledge and team processes and can be applied 

to evaluate team performance and play a part in the development of team training. The results showed 

the usefulness of mixed methods as a basis for a CTA, and provide empirical support that a number of 

separate knowledge representations (mental models) provide an adequate description for the general 

knowledge base of ATCOs. Results implied high flexibility of mental models when they require 

frequent knowledge updates in a dynamic task environment. Subsequent research should focus on the 

accuracy and similarity of the mental models among team members and how they affect team 

performance.  
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Appendix II.I 

Semi-structured interview scheme 

1. Describe a usual working day 
What kind of tasks do you carry out? 
What activities / sub-tasks are required to carry out these tasks? 
How is a task initiated? 
What goals are related to these tasks? 
What are the most important competencies to carry out your work? 
Which tools do you use? 

2. Describe a non-nominal or a very complex working day / situation 
What was exactly different on this day? 
Which competencies were particularly required? 
... relate these answers to the previous statements about a usual working day... 

3. What makes your work complex?  
Which kind of error(s) can occur (due to the complexity)? 
What are the possible consequences? 
How can you correct mistakes? 

4. Teamwork 
How would you describe good teamwork? 
Who is part of your team? 
What are team competencies? 
What role do attitudes play in teamwork? Which attitudes are important? 
Are you familiar with the KSAs of your team members? 

5. Organisation of knowledge 
Which knowledge is required based on the situation described? 
Which knowledge do others have, that you do not have? 
Is it more important that knowledge is distributed or shared among team members? 
Why? 

6. Information management 
What kind of information do you need to carry out your task? 
Who is involved in your work? 
HMI (role of HMI as a medium)? 
How do you communicate with others? Via which channels? 
How do you decide when to provide information to others? 

Note. KSAs = Knowledge, skills, attitudes; HMI = Human-machine interface 
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into domain-specific team cognition and shared knowledge representation is likely to increase 

theoretical insights and practical applications. 
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Introduction 

For a team to be effective, its members need to interact, communicate, and share knowledge efficiently 

(Brannick, Salas, & Prince, 1997; DeChurch & Mesmer-Magnus, 2010a, 2010b; Uitdewilligen et al., 

2010). Especially the formation of shared mental models (SMMs) is crucial to successful team 

performance (DeChurch & Mesmer-Magnus, 2010b). SMMs are common knowledge structures 

among team members about aspects of the task and team (Mathieu et al., 2010). The similarity and 

accuracy of these common knowledge structures jointly contribute to team effectiveness (Lim & 

Klein, 2006). SMMs help team members to explain and interpret the task in a similar way, and have 

similar expectations of future task situations (Cannon-Bowers et al., 1993). Since SMMs play a 

significant role in team performance, this study addresses how SMMs develop and test whether 

knowledge sharing help teams in this development. 

SMMs in a team presumable develop gradually and iterative (Kennedy & McComb, 2010). 

Gradual development means that team members first share knowledge about aspects of the task and 

subsequently about aspects of the team. This phased development may result from the need to 

understand the task and responsibilities, before knowledge about other team members and interaction 

forms are meaningful (McComb, 2007). Iterative development of SMMs implies that individuals share 

knowledge repetitively until individual mental models converge to SMMs (Kennedy & McComb, 

2010). The convergence of individual mental models to SMMs involves interaction and knowledge 

exchange between team members (Langan-Fox et al., 2004; McComb, Kennedy, Perryman, Warner, & 

Letsky, 2010). Despite these insights on mental model convergence, the exact underlying process of 

the formation of effective SMMs remains unclear and empirical evidence is missing. 

The present study investigates the formation of effective SMMs by combining ideas from the 

knowledge sharing literature with contemporary notions on SMM development. Knowledge sharing is 

the process through which individuals mutually exchange their knowledge (De Vries & Van den 

Hooff, 2006; Mesmer-Magnus & DeChurch, 2009). While knowledge sharing and SMMs are 

conceptually related, few studies have tested their relationship (e.g. Gross & Kluge, 2014).  

The main objective of this paper is to investigate whether knowledge sharing positively 

predicts SMMs. This investigation increases the understanding about the development of SMMs and 

contributes to team training practices by discussing the effectiveness of knowledge sharing in 

improving SMMs among team members. According to the gradual approach of SMM development 

(Kennedy & McComb, 2010; McComb, 2007), we guide team members in knowledge sharing of first 

task aspects and then team aspects. Moreover, we suggest that knowledge sharing results in more 

communication of relevant SMM content during task performance as team members tend to talk more 

about shared than unshared knowledge (Stasser & Titus, 1985; Stasser & Titus, 1987). This repetitive 

exchange of knowledge through knowledge sharing and communication should positively affect team 
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Table 4.1  
Description and examples of communication coding. 

Type of 
information 

Coding 
item Description 

Known 
by Example 

Task-related 
information 

Collision Penalty points are assigned if game 
pieces collide 

C1 "Watch out! We get minus points 
when blocks crash." 

Holding The planner can 'park' game pieces 
in the holding for later use 

PL "I'll put this shape in the holding and 
give it later to you." 

Non-
planning 

Penalty points are assigned if the 
planner have not planned in the 
following game piece on time 

PL "Guys, we get penalty points when I 
have no time to plan the next shape 
for you." 

Rotation The controllers cannot rotate three 
shapes: s-shape (pink), z-shape 
(orange) and t-shape (brown) 

C1 
C2 

"No! Not the brown one. I cannot 
move it." 

Space 
button 

The space button allows to switch 
control from one game piece to 
another 

C1 
C2 

"Use the space button, mate. Quick!" 

TeamTris Most reward points are assigned if 
4 lines a cleared simultaneously, 
called a TeamTris 

C2 "We should build four lines on top of 
each other. This earns the most 
points." 

Whole 
field 

The game pieces must cover the 
whole game field without holes 

C1 
C2 

Oh no, the line does not disappear 
because game pieces do not cover 
the whole field." 

Team-
related 
information 

Labelling When the planner assigns a game 
piece to a controller, a label 
appears next to the game piece. 

PL Controller 1: "Which one do I get 
next?" - Planner: "The green one. 
The label tells you." 

Name Knowing the names of team 
members helps concise 
communication 

C1 "What is your name?" 

Score The planner is in charge of 
informing other team members 
about the score 

PL "We're doing well, we have 97 
points." 

Slow 
down 

Controllers should slow down their 
actions if the planner has too little 
time to assign game pieces 

PL "Don't move to quick. I have no time 
to plan in the next shape" 

Time Controller 2 is in charge of 
keeping track of the remaining 
time 

C2 "I'll tell you when we have one 
minutes left." 

Transfer 
of control 

A controller can transfer control of 
a game piece to the other 
controller by moving it across the 
middle line 

C1 
C2 

"Give me the green one. I'll move it 
over to her." 

Note. PL = planner. C1 = controller 1. C2 = controller 2.  
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The findings of this study have a number of implications for teamwork and team training in 

versatile and dynamic environments. It is important to actively stimulate teams in knowledge sharing 

and make them aware that this facilitates their SMMs, which will ultimately improve team 

performance. Organisations should acknowledge this importance of creating and stimulating 

opportunities for knowledge sharing, for example in the form of regular team discussions (Bartol & 

Srivastava, 2002; Druskat & Pescosolido, 2002). Team members rarely create such opportunities 

themselves, as they might not directly understand the benefits. In addition, in many cases they may 

not have the time for such extra-task activities. However, a couple of minutes before task performance 

may be enough for team members to develop and maintain SMMs. Repeated knowledge sharing from 

the outset may help team members to agree early on task strategies and on how to interact effectively 

within the team. The organizations plays a crucial role in the support of knowledge sharing and in the 

creation for opportunities for this process. 

A particular interesting situation is a task environment in which knowledge sharing is 

necessarily limited by for example digital communication that only allows information exchange 

through predefined text-messages (Stedmon et al., 2007). This is for example the case during datalink 

technology used by many modern action teams. The question then is whether such a dynamic task 

environment with restricted communication possibilities among team members will hamper the 

development and update of SMMs. Also, it is interesting to investigate whether knowledge sharing as 

designed in the present study would have similar positive effects on team cognition and performance. 

Limitations 

The present study contributes to unravel the intricate mechanisms underlying knowledge sharing, the 

development of SMMs, communication and performance within a team. The results, however, may be 

restricted to teams that have little experience with the other team members and with the task. While it 

is common that team members who work in complex environment are not necessarily familiar with 

each other, they are usually extensively trained in their task. Future research should replicate the 

findings of the present study for such expert teams. 

We must note that SMMs were measured after task completion. While this is quite common 

in SMMs research, we specifically chose this procedure so that the communication and task 

performance were not altered by the actual measurement of SMMs. However, this makes it difficult to 

directly chart the gradual development of SMMs from task-related knowledge to knowledge on team 

aspects. Still, we indirectly appraised this development via communication and team performance. 

Further research should examine SMMs development at several moments in time, to enable detailed 

investigations of how SMMs relate to team processes and performance.  
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Conclusion  

To conclude, understanding the underlying processes of SMMs development received little attention 

in the literature so far. The present study shows that combining ideas of knowledge sharing with 

recent notions on SMMs development is a fruitful approach to study this process. Knowledge sharing 

on first task and then team aspects improve SMMs directly, as well as indirectly by encouraging team 

members to communicate shared information repetitively. Task- and team-related SMMs develop at 

subsequent moments during task performance and team members need to repetitively examine 

information until individual mental models converge into SMMs (Kennedy & McComb, 2010). 

Organizational support designed to facilitate SMMs should be timed accordingly to lead to higher 

mental model accuracy and better team performance. 
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Chapter 5  

When team members communicate via 
datalink: The positive effects of guided off-
task knowledge sharing on shared mental 

models, team behaviour and team 
performance 

 

 

 

 

Datalink technology allows concise and time-critical information exchange among team members 

working in complex environments. However, this technology-mediated communication medium has 

potential limits, which may hamper the development of shared mental models in a team. Shared 

mental models are crucial for effective team performance and an aversive effect on its development 

should be prevented. This study tests whether guided off-task knowledge sharing can help teams to 

develop shared mental models when working in a datalink environment. Therefore, 35 teams were 

assigned to either an experimental or a control condition. Results showed that guided off-task 

knowledge sharing resulted in higher similarity of team-related mental models and in higher mental 

model accuracy among team members. Team members in the experimental condition also engaged 

more often in the team behaviour closed-loop communication and showed a strong performance 

progress. Guided off-task knowledge sharing thus helps to mitigate potential hampering effects of 

datalink.  
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Datalink and its Impact on Shared Mental Model Development 

The reason to apply datalink communication in complex team environments is because of its alleged 

advantages over conventional voice-based communication (Neal et al., 2011). For example in air 

traffic control, text based messaging via datalink is a solution to the increasingly congested radio 

frequencies (Lancaster & Casali, 2008). It minimizes miscommunication that is often the result of 

mishearing and faulty interpretation of unclear speech due to radio frequency noise or poor 

pronunciation (Sharples et al., 2007). Another claimed advantage of text above voice communication 

is that an incoming datalink message places less cognitive demand on a team member (Lancaster & 

Casali, 2008). Since datalink is set up along a protocol of short and predefined text-based messages, a 

team member selects messages from a limited set of options, often activated by a simple mouse or 

touch input. A received message remains visible so that receivers do not have to remember the 

message actively. This means that attending to any received message may be postponed to prevent it 

from interrupting ongoing communication or other activities (Metzger & Parasuraman, 2006; Stedmon 

et al., 2007). 

Despite these claimed benefits, datalink communication in a team setting is also characterized 

by information loss and reduces the interaction between team members. The actual datalink creates an 

additional technological layer between team members and as such, forms a personal distance (Metzger 

& Parasuraman, 2006). Moreover, datalink communication typically lacks what is called party-line 

information (Sharples et al., 2007), which pertains to the potential valuable overheard information 

exchange between for example two fellow team members. In datalink communication, such valuable 

information exchange may not be distinct, as it is merely another text message that needs active 

attending to. This also implies that datalink additionally burdens visual attention in already strongly 

visually determined environment such as air traffic control (Metzger & Parasuraman, 2006; Voller & 

Low, 2004). A final disadvantage of these electronic text messages is that they are less rich than 

communication by voice, as text messages typically lack non-verbal voice information, such as 

intonation, tone or pitch (Driskell, Radtke, & Salas, 2003; Sharples et al., 2007; Thompson & Coovert, 

2003; Waller et al., 2004). 

Consequently, datalink communication generally reduces shared access to some verbal as well 

as non-verbal information. And despite that team members exchange essential information via 

datalink, they do not necessarily gain a full shared overview of the team goals and strategies (Keyton 

& Beck, 2010) and may therefore be unable to update their mental models (Sharples et al., 2007). 

Moreover, team members have fewer possibilities to exchange, augment, and reinforce information 

(Driskell et al., 2003). As these behaviours are building blocks for a SMM, team members, and 

especially if they participate in newly formed teams, may have more difficulties to develop or 

maintain SMMs in a datalink setting (Andres, 2012; Cramton, 2001; Thompson & Coovert, 2003). 

Such difficulties will shape both the cognition and performance of the entire team. For 

example, technology-mediated communication may prevent that team members agree on a joint 
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Figure 5.3. Team performance (TeamTris score) as a function of trial (1, 2, 3) and experimental 

condition (control, experimental). 

loop communication, and results in performance improvement over time. These findings are 

particularly interesting for team environments that allow for little additional information exchange 

among team members during task execution.  

The results imply that we can not simply assume that fresh-starting teams working with 

datalink develop SMMs merely due to exposure to the task. Clearly, the exchange of information 

through knowledge sharing plays an important role in the development of SMMs (Gross & Kluge, 

2014; McComb, 2007; Zijlstra et al., 2012). In the present study, mere task exposure resulted in little 

team-related SMMs (18%). Teams that exchanged additional information through knowledge sharing 

opportunities developed significantly more similar team-related SMMs and SMMs that were more 

accurate. Therefore, information exchange should pertain to more than formal messages necessary for 

task execution. Others already suggest that aspects of the task, such as roles and responsibilities of 

other team members, and aspects of the team, such as the common team strategy, is important 

information that should be exchanged among team members (Kennedy & McComb, 2010).  

Since datalink technology only allows the exchange of formal messages, organizations should 

provide team members with opportunities for knowledge sharing, i.e. mutual exchange of information. 

This idea corroborates with previous findings that suggest that organizational support aids the 

development and maintenance of SMMs in self-managing teams (Druskat & Pescosolido, 2002). The 

present study shows that this finding also applies to other team and task contexts, and gives some 

concrete suggestions how organizational support could look like. Specifically, for teams working in 
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datalink settings, organizational support could take the form of guided off-task knowledge sharing. By 

applying principles of cross-training (Ellis & Pearsall, 2011), organizations can take specific 

supportive actions to provide off-task knowledge sharing. These are positional clarification, team 

discussion and positional rotation (Gorman et al., 2010; Marks et al., 2002). These specific actions are 

in line with the idea that knowledge sharing occurs through observations, communication and 

apprenticeships (Bartol & Srivastava, 2002). 

Team members in this study benefited most from knowledge sharing through a team 

discussion. This became apparent because participants displayed more SMM-related team behaviour, 

namely closed-loop communication, and improved team performance in the subsequent task trial. This 

implies that knowledge sharing through team discussion is a fruitful method to exchange information 

between task trials and to aid SMM development in teams working in datalink settings. This 

implication expands previous research that has found that team discussions in advance of task 

execution positively predicts SMMs, team processes and team performance in military teams 

(Dalenberg et al., 2009). Similar as in the present study, team discussion was structured around a 

number of items and this support the idea that team members need some guidance during knowledge 

sharing.  

The present finding also supports the idea that breaks of task execution help team members to 

share knowledge that they may otherwise not address (Okhuysen & Eisenhardt, 2002). This is 

particularly interesting in datalink settings as this technology-mediated communication restricts the 

possibility to exchange (informal) information and thus hampers knowledge sharing (Andres, 2012). 

Overall, organizations can support team members by providing a platform and the time to discuss 

relevant issues of teamwork before task performance and guide them in this discussion. 

It is possible that the positive effects on team processes and team performance resulted from 

an interaction of positional clarification and team discussion. According to notions of gradual SMM 

development (Kennedy & McComb, 2010), positional clarification attempted to help task-related 

SMMs and team discussion aided team-related SMMs. The integration of task-related information into 

a SMM could have been effective not until team members exchanged team-related information. Such 

interactive effects between task- and team-related SMMs have been found before (Mathieu et al., 

2010). However, task-related SMMs of team members in the experimental condition did not 

significantly differ from those of team members in the control condition. Possibly, guided-off task 

knowledge sharing via positional clarification was not crucial for the development of task-related 

SMMs in the present task context. For example, team members had a shared game display, which 

showed actions of other team members and might have contributed to a shared understanding of roles 

and responsibilities. This explanation is supported by the outcome that all teams developed relatively 

similar mental models of task aspects (38%). Positional clarification may thus not have offered extra 

information relevant for a task-related SMM. A similar study in a different task context could give 

more insight into this reasoning.  
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an attempt to study SMMs in the field and showed the distinctive effects of different SMM indices on 

team processes and performance (e.g. Mathieu et al., 2010). 

The different SMM indices were only measured once after the last performance trial. This is 

not uncommon as dynamic shared knowledge measurements are often viewed as problematic and are 

typically lacking in the literature (Mohammed et al., 2010; Uitdewilligen et al., 2010). The present 

study attempted to avert this general shortcoming by assessing team behaviour associated within 

SMMs, namely closed-loop communication and performance monitoring (Salas, Rosen, et al., 2007). 

This indirect measure of SMMs allows measuring SMMs over time in addition to a final SMM 

measure at the end of the performance trials. However, there is some indications that the team 

behaviours studied may not necessarily be beneficial in datalink settings as they have additional costs. 

Consequently, the presence of SMMs may become discernible in another way than in closed-loop 

communication or mutual performance monitoring. Further research should reveal which behaviours 

reflect SMMs between team members working in datalink settings.  

In conclusion, datalink and other electronic communication aids have been accepted as future 

applications in professions where teams are physically distributed and need to exchange big amounts 

of information (Andres, 2012; McComb et al., 2010; Thompson & Coovert, 2003). These new 

technologies allegedly reduce communication errors and allow permanent information access. 

However, the intuitive benefits are in conflict with the apparent costs of datalink technology that may 

affect the development of SMMs and eventually team performance. Therefore, it is important to offer 

teams opportunities to cooperate and interact in these technology driven communication environments. 

This study underlines the need to support these teams by providing additional and off-task 

opportunities for knowledge sharing. These opportunities appear to facilitate closed-loop 

communication, but also improve the development of SMMs and team performance. Specifically, 

knowledge sharing through team discussion helps team members. It provides team members with 

more potential to perform well within complex man-machine systems.
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Introduction 

The main issue in this study is how teams that differ in both shared knowledge and communication 

strategies adapt to unforeseen and unique changes in their task environment. An investigation of this 

issue is important as teams are often viewed as effective units to face changing and dynamic situations 

within organizations (Resick et al., 2010; Summers, Humphrey, & Ferris, 2012). Teams are considered 

as essential for key decisions in varied settings such as hospital operating rooms, military units, sales 

production departments or air traffic control (ATC). These teams frequently operate in dynamic 

environments and have to be prepared to recognize, handle and adapt to changes in their work 

environment (e.g. Baard, Rench, & Kozlowski, 2014; Burke et al., 2006; Kontogiannis & Malakis, 

2013). To adapt to these critical changes, team members are believed to apply shared knowledge, 

mutual understanding, and efficient and often standardized communication (Kozlowski et al., 1999). 

In all, it has been recognized that effective expert teams are able to handle sudden but frequent 

and therefore anticipated changes (Baard et al., 2014; Burke et al., 2006; Kozlowski et al., 1999). 

However, it is unknown whether this also applies to unforeseen and often unique changes. These latter 

changes (hereafter termed unforeseen changes) refer to substantial and often unique alterations in the 

task environment, such as partial or total system failures or breakdowns (Weick, 1985) that a team has 

no experience with. These dramatic changes in the task environment are often feared by many 

organizations (Bainbridge, 1983), and little knowledge exists on how teams adapt to such a situation 

and whether they can be aided in an effective way. The questions in the present study pertain to how 

team performance is affected by such low frequent and unique system failures, and whether shared 

knowledge among team members and standardized communication help a team to adapt to these 

unforeseen changes. 

Research on this topic is essential as an unsuccessful response to these events may have 

negative or even fatal consequences in a variety of work environments (Marks et al., 2002; cf. 

Stachowski, Kaplan, & Waller, 2009). The present study will approach this issue by combining the 

literature on adaptation to changes of individuals (Lang & Bliese, 2009) and teams (Summers et al., 

2012) with existing knowledge on team functioning in terms of shared knowledge (Burke et al., 2006; 

Cannon-Bowers et al., 1993; Uitdewilligen et al., 2010) and communication (Burke et al., 2006; Rosen 

et al., 2011; Stachowski et al., 2009). More specifically, whether a team experiences a sudden 

performance drop followed by a recovery phase when the team members face an unforeseen change in 

the task environment in the form of a unique partial system breakdown is tested. Such a performance 

pattern after an unforeseen change can be assumed on the basis of two notions, namely coordination 

flux (Summers et al., 2012) and phases of adaptation in individuals (Lang & Bliese, 2009) as it will be 

explained in the next section.  

The present study further tests recent theory (Burke et al., 2006; Rosen et al., 2011) by 

investigating whether shared knowledge and standardized communication within a team helps the 
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