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COLLABORATION, COORDINATION, AND ADAPTATION IN COMPLEX 
SOCIOTECHNICAL SYSTEMS 

Miller, Anne; Weinger, Matthew B.; Buerhaus, Peter; Dietrich, Mary S. 
Care Coordination in Intensive Care Units : Communicating Across 
Information Spaces. S. 147-161(15). 

Objective: This study explores the interactions among phases of team coordination, 

patient-related information, decision-making levels, and role holders in intensive care 

units (ICUs). Background: The effects of communication improvement initiatives on 

adverse patient events or improved outcomes have been difficult to establish. Conceptual 

inconsistencies and methodological shortcomings suggest insufficient understanding 

about clinical communication and care coordination. Method: Data were collected by 
shadowing a charge nurse, fellow, resident, and nurse in each of eight ICUs and 

recording each of their conversations during 12 hrs (32 role holders during 350 hrs). 

Results: Hierarchical log linear analyses show statistically significant three-way 

interactions between the patient information, phases of team coordination, and decision 

levels, χ2 (df=75)=212, p < .0001; between roles, phases of team coordination, and 

decision levels, χ2 (df=60)=109, p < .0001; and between roles, patient information, and 

decision levels, χ2 (df=60)=155, p < .0001. Differences among levels of the variables 

were evaluated with the use of standardized parameter estimates and 95% confidence 

intervals. Conclusion: ICU communication and care coordination involve complex 

decision structures and role interactions across two information spaces. Different role 

holders mediate vertical and lateral process flows with goals and directions representing 

an important conceptual transition. However, lateral isolation within decision levels 

(charge nurses) and information overload (residents) are potential communication and 

care coordination vulnerabilities. Results are consistent with and extend the findings of 

previous studies. Application: The profile of ICU communication and care coordination 

provides a systemic framework that may inform future interventions and research. 
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Guastello, Stephen J. Nonlinear Dynamics of Team Performance and 
Adaptability in Emergency Response. S. 162-172(11). 



Objective: The impact of team size and performance feedback on adaptation levels and 

performance of emergency response (ER) teams was examined to introduce a metric for 

quantifying adaptation levels based on nonlinear dynamical systems (NDS) theory. 

Background: NDS principles appear in reports surrounding Hurricane Katrina, 

earthquakes, floods, a disease epidemic, and the Southeast Asian tsunami. They are also 

intrinsic to coordination within teams, adaptation levels, and performance in dynamic 

decision processes. Method: Performance was measured in a dynamic decision task in 

which ER teams of different sizes worked against an attacker who was trying to destroy a 

city (total N=225 undergraduates). The complexity of teams' and attackers' adaptation 

strategies and the role of the opponents' performance were assessed by nonlinear 

regression analysis. Results: An optimal group size for team performance was identified. 

Teams were more readily influenced by the attackers' performance than vice versa. The 

adaptive capabilities of attackers and teams were impaired by their opponents in some 

conditions. Conclusion: ER teams should be large enough to contribute a critical mass of 

ideas but not so large that coordination would be compromised. ER teams used self-

organized strategies that could have been more adaptive, whereas attackers used chaotic 

strategies. Applications: The model and results are applicable to ER processes or 

training maneuvers involving dynamic decisions but could be limited to nonhierarchical 

groups. 
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Bearman, Christopher; Paletz, Susannah B.F.; Orasanu, Judith; Thomas, 
Matthew J.W. The Breakdown of Coordinated Decision Making in 
Distributed Systems. S. 173-188(16). 

Objective: This article aims to explore the nature and resolution of breakdowns in 

coordinated decision making in distributed safety-critical systems. Background: In 
safety-critical domains, people with different roles and responsibilities often must work 

together to make coordinated decisions while geographically distributed. Although there 

is likely to be a large degree of overlap in the shared mental models of these people on 

the basis of procedures and experience, subtle differences may exist. Method: Study 1 
involves using Aviation Safety Reporting System reports to explore the ways in which 

coordinated decision making breaks down between pilots and air traffic controllers and 

the way in which the breakdowns are resolved. Study 2 replicates and extends those 

findings with the use of transcripts from the Apollo 13 National Aeronautics and Space 

Administration space mission. Results: Across both studies, breakdowns were caused in 
part by different types of lower-level breakdowns (or disconnects), which are labeled as 

operational, informational, or evaluative. Evaluative disconnects were found to be 

significantly harder to resolve than other types of disconnects. Conclusion: Considering 
breakdowns according to the type of disconnect involved appears to capture useful 

information that should assist accident and incident investigators. The current trend in 

aviation of shifting responsibilities and providing increasingly more information to pilots 

may have a hidden cost of increasing evaluative disconnects. Application: The proposed 
taxonomy facilitates the investigation of breakdowns in coordinated decision making and 

draws attention to the importance of considering subtle differences between participants' 

mental models when considering complex distributed systems. 
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De Vreede, Gert-Jan; Briggs, Robert O.; Reiter-Palmon, Roni. Exploring 
Asynchronous Brainstorming in Large Groups: A Field Comparison of 

Serial and Parallel Subgroups. S. 189-202(14). 

Objective: The aim of this study was to compare the results of two different modes of 

using multiple groups (instead of one large group) to identify problems and develop 

solutions. Background: Many of the complex problems facing organizations today 

require the use of very large groups or collaborations of groups from multiple 

organizations. There are many logistical problems associated with the use of such large 

groups, including the ability to bring everyone together at the same time and location. 

Methods: A field study involved two different organizations and compared productivity 

and satisfaction of group. The approaches included (a) multiple small groups, each 

completing the entire process from start to end and combining the results at the end 

(parallel mode); and (b) multiple subgroups, each building on the work provided by 

previous subgroups (serial mode). Results: Groups using the serial mode produced more 

elaborations compared with parallel groups, whereas parallel groups produced more 

unique ideas compared with serial groups. No significant differences were found related 

to satisfaction with process and outcomes between the two modes. Conclusion: 
Preferred mode depends on the type of task facing the group. Parallel groups are more 

suited for tasks for which a variety of new ideas are needed, whereas serial groups are 

best suited when elaboration and in-depth thinking on the solution are required. 

Application: Results of this research can guide the development of facilitated sessions of 

large groups or "teams of teams." 
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Fiore, Stephen M.; Rosen, Michael A.; Smith-Jentsch, Kimberly A.; Salas, 
Eduardo. Toward an Understanding of Macrocognition in Teams: 
Predicting Processes in Complex Collaborative Contexts. S. 203-224(22). 

Objective: This article presents a model for predicting complex collaborative processes 

as they arise in one-of-a-kind problem-solving situations to predict performance 

outcomes. The goal is to outline a set of key processes and their interrelationship and to 

describe how these can be used to predict collaboration processes embedded within 

problem-solving contexts. Background: Teams are increasingly called upon to address 

complex problem-solving tasks in novel situations. This represents a domain of 

performance that to date has been underrepresented in the research literature. Method: 
Multidisciplinary theoretical and empirical literature relating to knowledge work in teams 

is synthesized. Results: A set of propositions developed to guide research into how 
teams externalize cognition and build knowledge in service of problem solving is 

presented. First, a brief overview of macrocognition in teams is provided to distinguish 

the present work from other views of team cognition. Second, a description of the 

foundational theoretical concepts driving the theory of macrocognition in teams 

presented here is provided. Third, a set of propositions described within the context of a 

model of macrocognition in teams is forwarded. Conclusion: The theoretical framework 

described in this article provides a set of empirically testable propositions that can 

ultimately guide practitioners in efforts to support macrocognition in teams. Application: 
A theory of macrocognition in teams can provide guidance for the development of 

training interventions and the design of collaborative tools to facilitate knowledge-based 

performance in teams. 
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Lewis, Michael; Wang, Huadong; Chien, Shih Yi; Velagapudi, Prasanna; 
Scerri, Paul; Sycara, Katia. Choosing Autonomy Modes for Multirobot 
Search. S. 225-233(9). 

Objective: The number of robots an operator can supervise increases with the robots' 

level of autonomy. The reported study investigates multirobot foraging to identify aspects 

of the task most suitable for automation. Background: Many envisioned applications of 
robotics involve multirobot teams. One of the simplest of these applications is foraging, 

in which robots are operated independently to explore and discover targets. Depending 

on levels of autonomy and task, operators have been found able to manage 3 to 12 

robots. Method: The foraging task can be functionally subdivided into visiting new 
regions and identifying targets. In the reported experiment, full-task foraging 

performance was compared with exploration and perceptual search performance for 4-, 

8-, and 12-robot teams in a between-groups repeated measures design. Results: 
Operators in the full-task condition could not successfully manage 12 robots, finding only 

half as many victims as perceptual search operators. Exploration performance was 

roughly the same in the full-task and exploration conditions, suggesting that performance 

of this subtask was limiting the number of robots that could be controlled. Conclusion: 
Performance and workload measures indicate that exploration (navigation) tasks are the 

limiting factor in multirobot foraging. This finding suggests that robot navigation is the 

best candidate for automation. Application: Search tasks, such as foraging or perimeter 

control, account for many of the near-term applications envisioned for multirobot teams. 

The results support the choice of task-centered architectures in which the control and 

coordination of robotic platforms is automated, leaving search and identification of 

targets to human operators. 
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Shah, Julie; Breazeal, Cynthia. An Empirical Analysis of Team 
Coordination Behaviors and Action Planning With Application to Human-

Robot Teaming. S. 234-245(12). 

Objective: We conducted an empirical analysis of human teamwork to investigate the 

ways teammates incorporate coordination behaviors, including verbal and nonverbal 

cues, into their action planning. Background: In space, military, aviation, and medical 

industries, teams of people effectively coordinate to perform complex tasks under stress 

induced by uncertainty, ambiguity, and time pressure. As robots increasingly are 

introduced into these domains, we seek to understand effective human-team 

coordination to inform natural and effective human-robot coordination. Method: We 

conducted teamwork experiments in which teams of two people performed a complex 

task, involving ordering, timing, and resource constraints. Half the teams performed 

under time pressure, and half performed without time pressure. We cataloged the 

coordination behaviors used by each team and analyzed the speed of response and 

specificity of each coordination behavior. Results: Analysis shows that teammates 

respond to explicit cues, including commands meant to control actions, more quickly than 



implicit cues, which include short verbal and gestural attention getters and status 

updates. Analysis also shows that nearly all explicit cues and implicit gestural cues were 

used to refer to one specific action, whereas approximately half of implicit cues did not 

often refer to one specific action. Conclusion: These results provide insight into how 
human teams use coordination behaviors in their action planning. For example, implicit 

cues seem to offer the teammate flexibility on when to perform the indicated action, 

whereas explicit cues seem to demand immediate response. Application: We discuss 

how these findings inform the design of more natural and fluid human-robot teaming. 
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Strauch, Barry. Can Cultural Differences Lead to Accidents? : team 
Cultural Differences and Sociotechnical System Operations. S. 246-
263(18). 

Objective: I discuss cultural factors and how they may influence sociotechnical system 

operations. Background: Investigations of several major transportation accidents 

suggest that cultural factors may have played a role in the causes of the accidents. 

However, research has not fully addressed how cultural factors can influence 

sociotechnical systems. Method: I review literature on cultural differences in general and 
cultural factors in sociotechnical systems and discuss how these differences can affect 

team performance in sociotechnical systems. Results: Cultural differences have been 
observed in social and interpersonal dimensions and in cognitive and perceptual styles; 

these differences can affect multioperator team performance. Conclusion: Cultural 
factors may account for team errors in sociotechnical systems, most likely during high-

workload, high-stress operational phases. However, much of the research on cultural 

factors has methodological and interpretive shortcomings that limit their applicability to 

sociotechnical systems. Application: Although some research has been conducted on 

the role of cultural differences on team performance in sociotechnical system operations, 

considerable work remains to be done before the effects of these differences can be fully 

understood. I propose a model that illustrates how culture can interact with 

sociotechnical system operations and suggest avenues of future research. Given 

methodological challenges in measuring cultural differences and team performance in 

sociotechnical system operations, research in these systems should use a variety of 

methodologies to better understand how culture can affect multioperator team 

performance in these systems. 
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McComb, Sara; Kennedy, Deanna; Perryman, Rebecca; Warner, Norman; 
Letsky, Michael. Temporal Patterns of Mental Model Convergence : 
Implications for Distributed Teams Interacting in Electronic 

Collaboration Spaces. S. 264-281(18). 

Objective: Our objective is to capture temporal patterns in mental model convergence 

processes and differences in these patterns between distributed teams using an 

electronic collaboration space and face-to-face teams with no interface. Background: 
Distributed teams, as sociotechnical systems, collaborate via technology to work on their 



task. The way in which they process information to inform their mental models may be 

examined via team communication and may unfold differently than it does in face-to-face 

teams. Method: We conducted our analysis on 32 three-member teams working on a 

planning task. Half of the teams worked as distributed teams in an electronic 

collaboration space, and the other half worked face-to-face without an interface. 

Results: Using event history analysis, we found temporal interdependencies among the 

initial convergence points of the multiple mental models we examined. Furthermore, the 

timing of mental model convergence and the onset of task work discussions were related 

to team performance. Differences existed in the temporal patterns of convergence and 

task work discussions across conditions. Conclusion: Distributed teams interacting via 

an electronic interface and face-to-face teams with no interface converged on multiple 

mental models, but their communication patterns differed. In particular, distributed 

teams with an electronic interface required less overall communication, converged on all 

mental models later in their life cycles, and exhibited more linear cognitive processes 

than did face-to-face teams interacting verbally. Application: Managers need unique 
strategies for facilitating communication and mental model convergence depending on 

teams' degrees of collocation and access to an interface, which in turn will enhance team 

performance. 
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Burtscher, Michael J.; Wacker, Johannes; Grote, Gudela; Manser, Tanja. 
Managing Nonroutine Events in Anesthesia : the Role of Adaptive 
Coordination. S. 282-294(13). 

Objective: This field study aimed at examining the role of anesthesia teams' adaptive 

coordination in managing changing situational demands, such as in nonroutine events 

(NREs). Background: Medical teams' ability to adapt their teamwork (e.g., their 

coordination activities) to changing situational demands is crucial to team performance 

and, thus, to patient safety. Whereas the majority of previous studies on the matter have 

focused on critical but rare events, it has recently been pointed out that the effective 

management of NREs is a key challenge to medical teams. Hence this study investigated 

the relationship between coordination activities, NRE occurrence, and team performance. 

Method: We videotaped 22 anesthesia teams during standard anesthesia induction and 

recorded data from the vital signs monitor and the ventilator. Coordination was coded by 

a trained observer using a structured observation system. NREs were recorded by an 

experienced staff anesthesiologist using all three video streams. Checklist-based team 

performance assessment was also performed by an experienced staff anesthesiologist. 

Results: We found that anesthesia teams adapt their coordination activities to changing 

situational demands. In particular, the increased occurrence of NREs caused an increase 

in the time the teams spent on task management. A stronger increase in the teams' task 

management (i.e., more adaptive coordination) was related to their performance. 

Conclusion: Our results emphasize the importance of adaptive coordination in managing 

NREs effectively. Application: This study provides valuable information for developing 

novel team training programs in health care that focus on adaptation to changing task 

requirements, for example, when faced with NREs. 
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Gorman, Jamie C.; Cooke, Nancy J.; Amazeen, Polemnia G. Training 
Adaptive Teams. S. 295-307(13). 



Objective: We report an experiment in which three training approaches are compared 

with the goal of training adaptive teams. Background: Cross-training is an established 
method in which team members are trained with the goal of building shared knowledge. 

Perturbation training is a new method in which team interactions are constrained to 

provide new coordination experiences during task acquisition. These two approaches, and 

a more traditional procedural approach, are compared. Method: Assigned to three 
training conditions were 26 teams. Teams flew nine simulated uninhabited air vehicle 

missions; three were critical tests of the team's ability to adapt to novel situations. Team 

performance, response time to novel events, and shared knowledge were measured. 

Results: Perturbation-trained teams significantly outperformed teams in the other 

conditions in two out of three critical test missions. Cross-training resulted in significant 

increases in shared teamwork knowledge and highest mean performance in one critical 

test. Procedural training led to the least adaptive teams. Conclusion: Perturbation 
training allows teams to match coordination variability during training to demands for 

coordination variability during posttraining performance. Although cross-training has 

adaptive benefits, it is suggested that process-oriented approaches, such as perturbation 

training, can lead to more adaptive teams. Application: Perturbation training is 
amenable to simulation-based training, where perturbations provide interaction 

experiences that teams can transfer to novel, real-world situations. 
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Marquardt, Nicki; Robelski, Swantje; Hoeger, Rainer. Crew Resource 
Management Training Within the Automotive Industry : does It Work? S. 
308-315(8). 

Objective: This article presents the development, implementation, and evaluation of a 

crew resource management (CRM) training program specifically designed for employees 

within the automotive industry. Background: The central objective of this training 
program was to improve communication, teamwork, and stress management skills as 

well to increase the workers' situational awareness of potential errors that can occur 

during the production process. Method: Participants in the training program of this study 

were 80 employees, all of whom were working in a production unit for gearbox 

manufacturing. Effectiveness of the CRM training course was evaluated two times (1 

month and 6 months after the training program). Results: The results showed a 
significant improvement in a wide range of CRM-relevant categories, especially in 

teamwork-related attitudes, in addition to an increase in the workers' situational 

awareness after the training program. Conclusion: On the basis of the results, it can be 
stated that CRM training, which was originally developed for the aviation industry, can be 

transferred to the automotive industry. However, because of the lack of behavioral 

observations, these effects are limited to CRM attitudes and knowledge changes. 

Application: Several recommendations for future research and training development in 

the field of human factors training are made. 
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Driskell, James E.; Salas, Eduardo; Hughes, Sandra. Collective 

Orientation and Team Performance: Development of an Individual 
Differences Measure. S. 316-328(13). 



Objective: We examine the construct of collective orientation, develop a measure to 

assess individual differences in collective orientation, and examine the extent to which 

the collective orientation of team members predicts performance on a variety of team 

tasks. Background: Scholars increasingly emphasize the importance of teamwork in 

collaborative work environments, and evidence indicates that a lack of teamwork is a 

prominent factor in many real-world accidents. Although it is clear that some persons are 

more team oriented than others are, there are few instruments available to assess 

individual differences in collective orientation in a team context. Method: We develop a 

scale to measure collective orientation in teams, gather evidence on reliability and 

construct validity, and examine the extent to which collective orientation predicts team 

performance. Results: Results indicate that the Collective Orientation Scale is reliable, 
correlates with cognate measures, and predicts performance on a variety of team tasks. 

Conclusion: We discuss the role of collective orientation in teams and the application of 

this scale to assess and diagnose teamwork deficiencies in work groups. Application: 
This research should contribute to a further understanding of factors that influence 

collaboration and coordination in teams. 
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DeChurch, Leslie A.; Zaccaro, Stephen J. Teams Won't Solve This 
Problem. S. 329-334(6) 

Objective: We link the problem of complex sociotechnical systems to a new unit-of-

analysis and fruitful developing area of applied research, the multiteam system. 

Background: Teams are the dominant entity and theoretical lens being applied to 

understanding the performance of complex sociotechnical systems. We submit that such 

problems cannot be solved through the teams lens because complex sociotechnical 

systems exhibit features such as mixed-motive goal structures and complex, layered 

social identities that do not meet the definitional requirements of a team. Method: We 

present key findings from multiteam systems research and review the studies contained 

in the special issue on the basis of the focal constructs and unit of analysis. Results: 
Although progress is being made on understanding key constructs essential to 

understanding complex sociotechnical systems, the unit of analysis needs to be shifted 

upward from the team level to the system level. Conclusion: Progress on understanding 
the inner workings and leverage points for the success of complex sociotechnical systems 

requires a fundamental shift in the unit of analysis toward understanding the 

macrodynamics of larger systems of teams. Application: The multiteam system 

perspective offers a useful theoretical lens for future research on and tool development 

(e.g., training, information technology) for improving the functioning of complex 

sociotechnical systems. 
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Keyton, Joann; Beck, Stephenson J. Examining Communication as 
Macrocognition in STS. S. 335-339(5). 

Objective: There are significant points of alignment between a macrocognitive frame of 

teamwork and a communication perspective. This commentary explores these touch 

points in regard to use of teams in sociotechnical systems (STS). Background: The 



macrocognitive framework emphasizes a team's shared mental models whereas a 

communication frame emphasizes that shared meaning among team members is more 

frequently implicitly than explicitly recorded in their messages. Both acknowledge that 

communication (in macrocognition) or messages (in communication) serve as an index of 

team members' goal-directed behavior. The two approaches differ in the role of 

communication: as information exchange in macrocognition as compared with verbal and 

nonverbal symbols composing messages for which senders and receivers co-construct 

meaning. Method: This commentary uses relevant literature to explicate the 

communication position. Results: From a communication perspective, individuals are 

simultaneously sending and receiving messages, communication is continual and 

processual, and meaning construction is dependent on relationship awareness and 

development among communication partners as well as the context. Conclusion: The 
authors posit that meaning cannot be constructed solely from messages, nor can 

meaning be constructed by one person. Furthermore, sharing information is not the same 

as communicating. Application: Architects and users of STS should be interested in 
designing systems that improve team communication—a goal that is interdependent with 

understanding how communication fails in the use of such systems. Drilling down to the 

fundamental properties of communication is essential to understanding how and why 

meaning is created among team members (and subsequent action). 
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Stahl, Gerry. Group Cognition Factors in Sociotechnical Systems. S. 340-
343(4). 

Objective: This commentary on the special issue suggests a focus on group cognition 

factors in investigations of teamwork involving sociotechnical systems. Background: The 
author has conducted research in computer-supported collaborative learning and has 

found the need to rethink the theory and methodology of that field to take account of its 

defining characteristics of small-group interaction and sociotechnical mediation. Method: 
A brief literature review is undertaken of major findings in postcognitive theory and 

conversation analysis. This suggests a methodological priority to group phenomena as 

sources for the genesis of individual phenomena and for understanding of processes of 

coordination and communication in small groups. Results: It is seen that many recent 

studies of teams take place within traditional disciplinary frameworks that analyze 

phenomena primarily at the individual unit of analysis, reducing group phenomena to 

additive sums of individual phenomena. For instance, processes of coordination and 

communication are treated as secondary to the expression of individuals' mental models 

or external expressions of internal representations. Conclusion: The commentary calls 

for development of a new science of groups, with the development of appropriate theory, 

conceptualizations of core phenomena, experimental methods, analytic analyses, and 

presentational formats. Examples are focus on discourse analysis, use of design-based 

research, conceptualization of mediation rather than causation, and publication of case 

studies. Application: A focus on the group unit of analysis can shed new light on the 
topics addressed in this special issue. 

� Keywords: COLLABORATIVE LEARNING; POSTCOGNITIVE THEORY; GROUP 
COGNITION; CONVERSATION ANALYSIS; GROUP UNIT OF ANALYSIS; 

SOCIOTECHNICAL SYSTEMS; TEAM MACROCOGNITION 


