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Executive Summary 

Problem 

A recent analysis of the team training needs of Long Duration Space Flight Crews (Smith-

Jentsch et al., 2011) noted that ISS crews must shift to highly interdependent tasks after long 

periods of autonomous work. Interviews with former ISS crew members revealed that such shifts 

are believed to create risks with regard to crew performance. Although team adaptability and 

task interdependence have been studied for decades, the existing literature has a number of gaps 

that need to be attended to, in order to address the challenges ISS crews face when shifting from 

one level of task interdependence to another.  

Objectives of This Report 

 Synthesize the existing literature pertinent to the problem of ISS crews shifting from 

autonomous to highly interdependent work 

  

 Identify research questions that remain to be answered in order to address this problem 

 

 Identify operational implications with respect to crew performance and training. 

Research Gaps 

 Shifts in task interdependence over time have not been examined. 

  

 The physiological, cognitive, and social impacts of autonomous work on crew members 

have not been examined simultaneously.  

 

 The range of interdependence experienced by ISS crews is not reflected in prior studies.  

 

 Few studies have investigated how objective task characteristics affect team members’ 

perceptions of their interdependence and vice versa. 

Operational Impacts of Research on Team Task Shifting 

 Training and pre-debriefing strategies could be developed to facilitate team task shifts. 

 

 Crew commanders, mission controllers, and others could be trained to monitor for 

symptoms signaling a potential problem in team task shifting.  

 

 Task schedules could be designed to reduce the risks associated with team task shifting. 

 

 Individuals’ preferences/predispositions regarding interdependent work could be 

considered when composing crews.  
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Introduction  

A recent training needs analysis conducted for Long Duration Space Flight Crews, (Smith-

Jentsch et al., 2011) noted that ISS crews must adapt to extreme shifts in task interdependence 

after long periods of social entrainment. Although team adaptability and task interdependence 

have been studied for decades, the existing literature has a number of gaps that need to be closed 

in order to address the challenges ISS crews face when shifting from one level of task 

interdependence to another. The following sections describe four methodological limitations in 

this regard. Throughout this report, quotations taken from the author’s prior interviews with 

NASA astronauts are used to illustrate the points made. 

The Need for Within-Subjects Designs 

Task interdependence refers to the degree to which team members share materials, information, 

or expertise in order to achieve their goals (Cummings, 1978; Susman, 1976), whereas goal 

interdependence refers to the degree to which group members are assigned joint group goals and 

given group-level feedback (e.g., Thomas, 1957; Tjosvold, 1986). A substantial number of 

studies have compared the performance of teams working under conditions of high task and/or 

goal interdependence to those working under low task and/or goal interdependence using a 

between-subjects design (e.g., Cleavenger, Gardner, & Mhatre, 2007; Rico & Cohen, 2005). 

These studies have generally found that higher levels of interdependence are associated with 

desirable team attitudes (Ramamoorthy & Flood, 2004), shared team knowledge (Zhang, 

Hempel, Han, & Tjosvold, 2007), and coordination processes (De Dreu, 2007; Gonzales, 2011; 

Somechi, Desvilya, & Lidogoster, 2009; Van der Vegt & Janssen, 2003). Moreover, the impact 

of team attitudes, knowledge, and behavior on team performance is generally stronger under 

conditions of high interdependence than under conditions of low interdependence (Bachrach, 

Powell, Collins, & Richey, 2006). Thus, highly interdependent tasks appear to both lead to, and 

require, team-related knowledge, skills, and attitudes (KSAs) to a greater degree than do less 

interdependent tasks. However, results from between-subjects comparisons of interdependence 

do not necessarily generalize to the problem of shifting from one level of interdependence to 

another since patterns of team interaction tend to persist even after environmental changes make 

them maladaptive (e.g., Uitidewilligen, Waller, & Pitariu, 2013).  

http://jom.sagepub.com/search?author1=Gerben+S.+Van+der+Vegt&sortspec=date&submit=Submit
http://jom.sagepub.com/search?author1=Onne+Janssen&sortspec=date&submit=Submit
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“I believe that the greatest danger [is in the] transition from laid back to dynamic 
ops.” 
 

 

In this regard, prior research has employed within-subjects designs to investigate shifts from one 

team structure to another (e.g., centralized-decentralized decision making). However, no 

published research has directly tested the impact of requiring teams to shift from one level of 

task interdependence to another. Such research is needed in order to answer the following 

research question.  

Research Question: 

 What are the specific types of coordination breakdowns that can occur when 

crews shift from autonomous to highly interdependent work? 

 

Operational Impact: 

 If research can determine the specific types of coordination breakdowns that 

threaten crews’ ability to shift from autonomous to highly interdependent work, 

measures could be developed to help crews monitor for such risks. 

 

Simultaneous Consideration of Multiple Forms of Entrainment 

Entrainment, broadly defined, is a phenomenon in which two or more independent rhythmic 

processes synchronize with each other (McGrath, Kelly, & Machatka, 1984; McGrath & 

Rotchford, 1983). There are a number of different forms of entrainment that are relevant to the 

problem of shifting from low to high levels of interdependence on the ISS, and each has the 

potential to affect and interact with the other. First, social entrainment refers to the development 

of self-reinforcing norms with respect to social interaction (Ancona & Chong, 1996). Studies of 

social entrainment have demonstrated that teams have difficulty shifting from one structure to 

another and that the strength of these effects depends on the direction of the shift. For instance, 

Johnson, Hollenbeck, Humphrey, Ilgen, Jundt, and Meyer (2006) found that it was easier for 

teams to shift from a cooperative to a competitive reward structure than to do the reverse.  

  

http://amj.aom.org/search?author1=Michael+D.+Johnson&sortspec=date&submit=Submit
http://amj.aom.org/search?author1=John+R.+Hollenbeck&sortspec=date&submit=Submit
http://amj.aom.org/search?author1=Stephen+E.+Humphrey&sortspec=date&submit=Submit
http://amj.aom.org/search?author1=Daniel+R.+Ilgen&sortspec=date&submit=Submit
http://amj.aom.org/search?author1=Dustin+Jundt&sortspec=date&submit=Submit
http://amj.aom.org/search?author1=Christopher+J.+Meyer&sortspec=date&submit=Submit
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Temporal entrainment occurs when teams synchronize the pacing and sequencing of their tasks 

to the same external pacer. Prior research has shown that temporal entrainment is associated with 

more effective team processes (Jansen & Kristof-Brown, 2005) and that it is task-specific 

(Mohammed & Nadkarni, 2011).  

Lexical entrainment refers to the process by which individuals who are engaged in conversation 

progressively adopt the same terms as referents to a particular object or concept (Brennan & 

Clark, 1996; Levitan & Hirschberg, 2011; Reitter, Keller, & Moore, 2006). Lexical entrainment 

facilitates comprehension by accelerating recall and reducing misinterpretations, which in turn 

improves team member communication. However, similar to social entrainment, individuals 

have been shown to persist in using entrained language even when speaking to listeners who are 

unfamiliar with that language, leading to comprehension problems and communication delays 

(Engelhardt, Bailey, & Ferreira, 2006).  

Cognitive entrainment among team members occurs when they adopt increasingly similar 

cognitive structures and processes over time. Prior research has shown that team members 

develop similar cognitive representations of their tasks, roles, and relative expertise after 

working together on interdependent tasks (e.g., transactive memory systems, TMS; Campion, 

Papper, & Medsker, 1996; Goodman & Leyden, 1991; Smith-Jentsch, Kraiger, Cannon-Bowers, 

& Salas, 2009) and that teams with such shared team cognition tend to be more effective (Austin, 

2003; Lewis, 2004; Zhang et al., 2007). However, when teams fail to update their shared 

cognition in reaction to changes in their environment, performance suffers (e.g., Uitdewilligen et 

al., 2013).  

Physiological entrainment refers to the process whereby individuals develop similar 

physiological patterns as a function of face-to-face contact. Prior research has shown that 

individuals who interact face-to-face develop similar heart rates (Watanabe, Okubo, & Kuroda, 

1996), respiration (Watanabe & Okubo, 1997), sleeping patterns (Hida, Kitamura, & Mishima, 

2012) and posture (Strang et al., 2011). Team members who demonstrate greater physiological 

entrainment have been shown to communicate more and report greater cohesion than do 

members who exhibit less physiological entrainment (Wheatley, Kang, Parkinson, & Looser, 

2012).  



 

4 

Finally, emotional entrainment occurs when individuals begin to mirror one another’s affective 

states; in other words, team members’ moods become more similar over time. Drawing on 

evolutionary psychology (e.g., Cosmides & Tooby, 2000), Spoor and Kelly (2004) argued that 

emotional entrainment allows group members to quickly convey information regarding their 

perceptions of the team’s environment (e.g., signaling danger) and fosters interpersonal bonds 

and group loyalty. Although the entrainment of positive mood states has been associated with 

improved cooperation and decreased conflict (Barsade, 2002); the entrainment of negative 

affective states (e.g., burnout) has also been shown to have negative effects on individual 

members (Bakker, van Emmerik, & Euwema, 2006).  

In sum, there are a number of different forms of entrainment that are likely to affect ISS crews’ 

ability to shift from periods of autonomous to highly interdependent work; and each may affect 

or interact with the other. For instance, long periods of autonomous work are likely to result in a 

loss of temporal, emotional, physiological, and lexical entrainment which, in turn, may cause 

crews to resist increasing their interdependence with one another (i.e., strengthening social 

entrainment to patterns associated with low interdependence). Prior published research has 

generally examined one form of entrainment independent of others. Additional research is 

needed in which multiple forms of entrainment are considered simultaneously so that their 

combined effects on team task shifting can be determined.   

Research Questions:  

 What is the rate at which crews develop and lose various forms of entrainment?  

 Are there combinations of entrainment (e.g., lexical and cognitive) that are 

particularly problematic or helpful?  

 

Operational Impact:  

 If research can specify the length of time it tasks crews to gain and to lose 

entrainment, this information could be used to alert crew commanders and/or 

mission controllers to the potential for problems.  

 If research can specify the manner in which various types of entrainment or lack 

of entrainment combine to affect performance, this crew commanders and mission 

controllers could be trained to monitor for related behaviors that indicate crews 

are particularly at risk for errors. 
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Range of Goal and Task Interdependence 

 
“You are spread out most of the time, 75% of the time you’re on your own.” 
 

 

A third important gap in the literature is that prior studies have primarily focused on a limited 

range of interdependence that does not fully capture the range of interdependence experienced by 

ISS crews. First, most prior studies focus exclusively on levels of positive goal interdependence. 

Positive goal interdependence exists when there is a positive relationship between one’s goal 

attainment and the goal attainment of others. Goal independence, in contrast, exists when the 

achievement of one’s goals is unrelated to the goal achievement of others, whereas negative goal 

interdependence exists when there is a negative relationship between one’s goals and the goals of 

others (i.e. a zero-sum game). Finally, asymmetric interdependence exists when only one 

member benefits (or benefits to a greater degree) from the other’s success. Very few studies have 

investigated the impact of goal independence, negative interdependence, or asymmetric goal 

interdependence. This is an important gap because the sparse evidence that does exist indicates 

that these forms of interdependence have very different (and often negative) effects on team 

performance (e.g., Kumar, Scheer, & Steenkamp, 1995).  

 
“If you don’t work-out [on station], you’re going to have bad bone loss; [it’s also] 
a stress reliever. People have to get off the [exercise] equipment at times so 
somebody else can get on.”  
 

 

 

Former ISS crew members interviewed by the present author reported that, for the majority of 

their mission, they had no positive goal interdependence other than the obvious goal to return 

safely and without damage to the station. However, they did describe instances of both negative 

and/or asymmetric resource interdependence. For instance, ISS crew members share finite 

resources such as food, exercise equipment, computing equipment, electrical power, etc. (as the 

above quotation demonstrates).   
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With respect to task interdependence, nearly all prior research has operationalized the low end of 

the continuum as being “pooled” or “additive” in nature where group performance is truly a sum 

of individual parts (e.g., Bachrach et al., 2006; Bachrach, Powell, Bendoly, & Richey, 2006). 

However, the low end of the continuum for ISS crews is no task interdependence at all. Thus, in 

order to capture the challenges that ISS crews face, research must examine extreme shifts from a 

complete absence of task interdependence to intensive team interdependence (Tesluk, Mathieu, 

Zaccaro, & Marks, 1997), characterized by a simultaneous, multi-directional workflow, to a 

complete lack of task interdependence. Such experiments are necessary in order to address 

NASA’s need to understand the challenges involved in team task shifting on the ISS. 

Research Question:  

 To what degree does perceived asymmetric and/or negative task interdependence 

between crew members interfere with team performance when shifting from 

autonomous to interdependent work? 

 

Operational Impact:  

 If it is determined that asymmetric and/or negative task interdependence has a 

significantly detrimental effect on crew performance, crew commanders and 

mission planners could parse and assign tasks in such a way so as to minimize 

these problems. 

 

Bi-directional Relationships between Actual and Perceived Interdependence 

A fourth gap in the current literature is that interdependence is seldom manipulated and 

measured in the same study. Studies of goal and task interdependence involving real work teams 

almost exclusively measure individuals’ perceptions and rarely report evidence of team 

members’ perceptual agreement in this regard. Thus, it is unclear to what degree individuals’ 

perceptions reflect actual interdependence or organizationally-intended levels of task 

interdependence and to what degree they reflect individual differences in preferences for 

interdependence. Laboratory experiments, on the other hand, almost exclusively manipulate goal 

and task interdependence and rarely measure team members’ perceptions of such 

interdependence. Thus, it is unclear to what degree members view or perform their tasks with the 

level of interdependence intended. This is important since team members’ preferences for 

interdependence have been shown to predict later levels of actual interdependence (e.g., 
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Wageman & Gordon, 2005). For instance, Mihm and Smith-Jentsch (2013) demonstrated that 

participants scoring higher on the personality trait agreeableness tended to perceive greater 

positive goal interdependence between themselves and a teammate than did those scoring lower 

in agreeableness, even when objective levels of goal interdependence were held constant. 

Perceived interdependence, in turn, was associated with greater information exchange during the 

team task. Using the same experimental protocol, Sierra, Rico, Smith-Jentsch, and Mihm (2013) 

found that team members decreased their interdependence with another teammate if that 

teammate perceived negative goal interdependence between them. This effect was strongest if 

the teammate was experiencing stress at the time. Thus, individuals appear to learn how their 

teammates perceive interdependence and attempt to accommodate those perceptions.  

There is also evidence that team members’ level of agreement with respect to their 

interdependence plays an important role. In a study of air traffic control teams, Smith-Jentsch, 

Mathieu, and Kraiger (2005) found that teams whose members held more similar mental models 

of their position-specific goal interdependence out-performed those with less similar mental 

models, but only if they also agreed upon cue-strategy associations that would cause them to 

shift their strategy. For teams that did not share such cue-strategy associations, similar 

perceptions of goal interdependence were negatively related to performance.  

Together, results from these studies suggest that perceived interdependence, agreement among 

team members with respect to interdependence, and the objective interdependence built into a 

task interact in complex ways to impact team performance. Additional laboratory research is 

needed in which goal and task interdependence is simultaneously manipulated (through task 

instructions and training) and measured (via perceptions, preferences, and behaviors). This type 

of research is necessary in order to answer the following research questions:    
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Research Questions:  

 To what degree do individuals have stable versus malleable 

perceptions/preferences for task interdependence?  

 In what ways do such individual differences influence team performance when 

the task environment requires a shift from low to high interdependence? 

 

Operational Impacts: 

 If it is determined that individual differences in preferences for and 

predispositions toward task interdependence are stable over time and have a 

consistently positive or negative impact on team performance, such 

preferences/predispositions could be measured and used to screen out candidates 

with extreme scores as part of the selection process. 

 If it is determined that individual differences in preferences for and 

predispositions toward task interdependence have a consistently positive or 

negative impact on team performance, however these are malleable, training can 

be developed to address this. 

 If it is determined that crew compatibility in terms of preferences for and 

predispositions toward task interdependence is critical, this could become a factor 

considered when making decisions about crew composition. 

 

Contextual Moderators 

There are at least three moderating conditions that should make shifting from autonomous to 

interdependent work particularly difficult for ISS crews: (1) the timing of the autonomous period 

with respect to a crew’s development, (2) the length of the autonomous period, and (3) the 

degree to which intra-crew fault-lines exist. The following sections describe the manner in which 

these factors are expected to exacerbate the problem of team task shifting.         

Phase of Team Development             

Tuckman’s (1965) model of group development maintains that all teams go through the same 

necessary and inevitable stages as they develop (i.e., forming, storming, norming, and 

performing). During the forming stage, members are motivated by a desire to be accepted by the 

others and to avoid contention. This stage is followed by a storming stage characterized by 

conflict as members clash due to their discrepant points of view on team functioning. If a team 

makes it through this stage intact, they proceed to the norming phase where members focus on 

coming to agreement on expectations and roles and are motivated to compromise. It is during 
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this phase that team members develop social, cognitive, lexical, and emotional entrainment with 

one another. Finally, in the performing stage, positive attitudes and shared knowledge that were 

developed in the norming stage allow teams to coordinate efficiently, resolve conflicts 

effectively, and maximize the use of their collective expertise.  

 
“People and personalities that you’re familiar with …that totally changes. [And] 
It’s not like it gradually changes, it entirely changes when the hatch closes.” 
  

 
 

The current practice on the ISS is for six crew members to be on the ISS at all times. Every three 

months, three of the six crew members leave and three new crew members arrive. This means 

that each three-person crew must go through the forming-storming-norming-performing 

developmental process twice during the six month period they are on the ISS (i.e., once when 

they arrive and once when their crew changes after three months). Switching from autonomous 

to highly interdependent tasks should be more difficult for crews the earlier the tasks occur in the 

lifespan of a particular six-person crew. Specifically, prior to completing the norming phase, 

crews will not have developed positive attitudes (e.g., cohesion, collective efficacy) and shared 

knowledge (e.g., about teammates’ expertise) that they can refresh and build upon after a shift 

from autonomous to interdependent work.  

Moreover, such crews are likely to become “stuck” at the forming or storming phases. 

Progression from the forming to the storming stage requires a stimulus to incite members to 

discuss and negotiate their points of view. Thus, if a crew experiences a period of autonomous 

work while they are still in the forming stage (immediately or shortly after a partial crew 

change), there will be little to stimulate a progression to the storming stage. If a crew has begun 

but not yet passed through the storming stage when they experience a period of autonomous 

work, they are less likely to ignore rather than work through their conflicting expectations. 

Consistent with this notion, prior research has shown that teams with low interdependence tend 

to engage in less cooperative conflict management (Somechi et al., 2009). Moreover, teams tend 

to react to conflict by reducing rather than increasing their interdependence (Langfred, 2007). It 

follows that the intra-crew conflict associated with the storming stage should undermine the 

crew’s ability to shift to higher levels of interdependence.  
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Research Question: 

 Can we specify when during a team’s developmental process they are best and 

least prepared to effectively make shifts from low to high levels of 

interdependence? 

 

Operational Impact: 

 If there is a fairly predictable length of time since crews need to have worked 

together to develop a capacity to effectively shift from low to high task 

interdependence, and this can be specified, mission planners could use this 

information when creating task schedules.   

 
Length of Autonomous Work Period 

A second factor that is likely to hamper shifts from autonomous to interdependent work is the 

length of the autonomous period. Research has shown that knowledge and knowledge structures 

are more easily retrieved when they have been frequently or recently activated (Higgins, Bargh, 

& Lombardi, 1985; Wyer & Srull, 1986). When crew members are performing independent 

tasks, they have little need to activate knowledge about their teammates’ expertise or knowledge 

about the nature of teamwork itself. Moreover, long periods of physical separation are likely to 

make crew members’ collective identity less salient. Self-categorization theory (Turner, Oakes, 

Haslam, & McGarty, 1994) emphasizes that the manner in which one categorizes him-/herself is 

highly dependent on contextual shifts in his/her frame of reference and that information about the 

one’s personal self and one’s collective self are stored in different locations within long-term 

memory. Consistent with this notion, when individuals are primed with the words “us” or “we,” 

they are more likely to retrieve information associated with their collective identity and are more 

likely to be swayed by social norms, whereas the reverse is true when they are primed with the 

words “I” or “me” (Higgins, King, & Marvin, 1982; Markus, Smith, & Moreland, 1985).  

 

“When you are very focused on something... [, for example,] an experiment, you 
forget about all the stuff that’s around you.” 
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During periods of autonomous work on the ISS, the contextual cues crew members are exposed 

to should increase the degree to which cognitions related to their independent selves are activated 

and should decrease the degree to which team-related cognitions are activated. Thus, the longer 

the period of autonomous work, the less accessible team-related cognitions should be to them. As 

such, additional research is needed to answer the following research questions. 

Research Questions:  

 At what rate does team-related knowledge decay/become less accessible to crew 

members?  

 Can refresher training be used to prevent or to slow the decay of team-related 

knowledge during periods of autonomous work?  

 

Operational Impacts:  

 If there is a predictable rate at which crew members’ teammate-related knowledge 

decays during autonomous work periods, mission planners could use this information 

as a factor to consider when making task schedules.   

 If refresher training can be demonstrated to regain or to slow the decay of teammate-

related knowledge during autonomous work periods, such training could be provided 

to crews.    

 

Team Composition and the Potential for Fault-lines 

A third factor that should interfere with shifts from autonomous to interdependent tasks involves 

crew composition and team fault-lines. Team fault-lines are “hypothetical dividing lines that split 

a group into subgroups based on one or more attributes” (e.g., Russian and American; Lau & 

Murnighan, 1998; p. 328). Team fault-lines have been shown to reduce information sharing 

among teammates (Homan, van Knippenberg, Van Kleef, & De Dreu, 2007) and to lower team 

performance (Thatcher & Patel, 2011). It is important to note that perceived fault-lines may or 

may not develop within a team of diverse members. They are most likely to occur when sets of at 

least two members share multiple attributes (e.g., nationality and education) that are not shared 

by the rest of a team.  

 
“It makes a difference whether or not … [crew members] have the background or 
the same language…in terms of camaraderie...comfort level.” 
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Perceived fault-lines may become more salient during periods of autonomous work, ultimately 

interfering with the inevitable shift back to interdependent tasks. Specifically, crew members 

have fewer formal demands for communication during periods of low interdependence and thus 

they have the freedom to communicate less with out-group members and more with in-group 

members. Consistent with this notion, previous research has shown that fault-lines are 

particularly problematic for less interdependent teams (Rico, Molleman, Sánchez-Manzanares, & 

Van der Vegt, 2007). On the ISS, crew members who choose to work in close proximity with in-

group members are more likely to develop physiological, lexical, and emotional entrainment 

with these members, increasing their similarity with in-group members (and to their common 

dissimilarity from out-group members). In this way, autonomous work periods on the ISS should 

strengthen and/or to create perceived crew fault-lines. ISS crews have been and will likely 

always be multi-cultural/multi-national in composition. Moreover, sections of the ISS are owned 

by different countries and during autonomous work periods, individual crew members primarily 

perform their tasks in their own country’s segment. Thus, one cannot ignore the possibility that 

cultural fault-lines may develop and/or become stronger during periods of autonomous work and 

that this may interfere with team task shifting. Specifically, perceived fault-lines have been 

shown to reduce the degree to which members elaborate on one another’s task-related 

information (Homan et al., 2007). In this way, such fault-lines may prevent a crew from 

integrating their diverse perspectives and expertise after a shift to interdependent work when 

such integration is critical. 

Research Question:  

 Do cultural fault-lines develop and/or become stronger during periods of 

autonomous work on the ISS?  

 If so, how long does it take for this to occur?  

 

Operational Impact:  

 If it is determined that fault-lines do in fact become stronger during autonomous 

work periods, crew members from different countries could be intentionally 

paired to perform housekeeping/maintenance tasks or to participate in refresher 

training together during such periods to alleviate the problem.  
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Unique Impact on Distinct Teamwork Processes 

A recent NASA advisory meeting was convened in order to review and edit the Space Flight 

Resource Management (SFRM) criteria. On the basis of this meeting, a set of four dimensions 

were defined and will be trained and measured in the most recent update of NASA’s SFRM 

program. These four dimensions (Leadership/Followership, Supporting Behavior, Information 

Exchange, and Communication Delivery) have been demonstrated to predict team performance 

in earlier empirical work (Smith-Jentsch, Johnston, & Payne 1998). Thus, the following sections 

are organized around this model.  

Leadership/Followership 

 

 
“You have to be a follower or a leader, you’re going to be doing both.” 
“At any given time, the commander [is not] the one who has the knowledge to 
carry out that part of the mission.” 
 

 

 

Effective leadership/followership is one of the critical dimensions of effective flight crew 

teamwork defined in the current instantiation of SFRM. Given the diversity in functional 

expertise, experience, backgrounds, and complementary knowledge of its crew members, shared 

leadership is an expectation on the ISS and is needed in order to act in accordance with sudden 

situational demands. Shared leadership has been defined as the practice of "broadly sharing 

power and influence among a set of individuals rather than centralizing it in the hands of a single 

individual who acts in the clear role of a dominant superior” (Pearce, Manz, & Sims, 2009, p. 

234). Prior research has shown that managers of subordinates with less interdependent goals 

make greater use of directive influence and less use of collaborative influence (Tjosvold, 

Andrews, & Struthers, 1992). Moreover, members of less interdependent teams view leaders as 

having greater status when they adopt a powerful speech style, whereas the reverse is true in 

highly interdependent tasks (Fragale, 2006). A formal leader’s ability to exert influence through 

sources of person power (i.e., the leader’s knowledge, skills, and abilities) is limited in tasks with 

low interdependence (e.g., Ellyson & Dovidio, 1985; Mast, 2010). Specifically, followers are 

less susceptible to emotional contagion from a leader when they perceive lower interdependence 
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(Eberly & Fong, 2013). This means that the formal leader is less able to leverage referent power 

(based on follower's loyalty, respect, admiration, affection; French & Raven, 1959) in order to 

gain compliance. Although crew commanders have a greater ability to exert referent power when 

a crew shifts to interdependent work, there is a danger that social entrainment processes may 

prevent them from making a shift to a more collaborative leadership style. Prior studies have 

demonstrated that individuals respond to dominant behavior by adopting a more compliant 

approach (Sadler & Woody, 2003). Over time during a period of autonomous work, such a 

pattern of dominant leadership and more compliant followership should lead to an increase in 

perceived power distance (i.e., the expectation that power is not distributed equally) between the 

leader and the rest of the crew (Hofstede, 1980). Perceived power distance has been negatively 

associated with followers’ willingness to express constructive challenges to a status quo (Botero 

& Van Dyne, 2009). The SFRM definition of effective leadership/followership states that when 

filling the role of the “situational leader,” crew members are expected to offer recommendations 

but should defer to the formal leader when a recommended action is overruled, unless there is a 

threat to safety or mission success. During relatively autonomous work periods, it is less likely 

that deference to the commander will pose a threat to safety or mission success. Thus, adopting a 

more compliant approach is not necessarily a problem. However, during highly interdependent 

tasks, performance decrements are likely to occur if power distance norms, developed during a 

prior period of autonomous work, inhibit crew members from constructively challenging the 

formal commander. 

Shared leadership requires a perceptual differentiation among team members’ individual bases of 

“expert power” in varying domains. Expert power refers to the “ability to influence other parties 

based on expertise and knowledge” (French & Raven, 1953, p. 163 ). When crew members hold 

shared knowledge about their relative strengths and weaknesses, this should motivate them to 

utilize and to accept technical leadership based on the unique expertise of crew members. 

However, the independence of their tasks during autonomous periods makes it less likely that 

members will engage in the type of task-related discussions that are necessary in order to build or 

make salient such knowledge. If knowledge about one another’s expertise is not shared, accurate, 

and salient to crew members, this should inhibit their willingness to participate actively in shared 

leadership even after a shift to more interdependent work makes shared leadership critical. In 

sum, additional research is needed to investigate the following research questions. 

http://www.businessdictionary.com/definition/ability.html
http://www.businessdictionary.com/definition/influence.html
http://www.businessdictionary.com/definition/party.html
http://www.businessdictionary.com/definition/expertise.html
http://www.businessdictionary.com/definition/knowledge.html
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Research Questions: 

 Does perceived power distance increase during periods of autonomous work and does 

this interfere with shared leadership when a crew shifts to a more interdependent 

task? 

 Does teammate-specific knowledge become less accessible over time during 

autonomous work periods and does this hinder increases in shared leadership when a 

crew shifts to a more interdependent task?  

 

Operational Impacts:  

 If power distance does in fact increase over time during autonomous work periods 

and this impairs shifts to higher levels of interdependence, crew commanders could 

be trained in ways to explicitly communicate expectations for shared leadership and 

reminded to do so prior to a task shift. 

 If decay in teammate-specific knowledge during autonomous periods is shown to 

interfere with shifts to higher levels of shared leadership, pre-briefings could be 

structured to explicitly make salient each crew members’ unique expertise. 

 

Supporting Behavior 

Supporting behavior is the second dimension within the latest SFRM framework. Supporting 

behavior is defined as actions taken by team members that enable them to effectively compensate 

for one another. This involves taking actions to prevent errors, making team members aware 

when an error has occurred (including the admission of one’s own errors), and correcting errors. 

It also involves providing or requesting assistance when needed, and managing the distribution 

of workload effectively.   

 
“You have to have the ability to … sense your teammates” [It’s important to] 
“look out for other people who are excessively tired, rushing, making mistakes.” 
 

 

Previous research has shown that supporting behavior can either facilitate or hinder team 

performance depending on the degree to which a backup provider has the ability to provide 

support without neglecting his/her own task responsibilities (Barnes, Hollenbeck, Wagner, 

DeRue, Nahrgang, & Schwind, 2008; Porter, Gogus, & Yu, 2010). Moreover, shifting workload 

effectively requires some degree of coordination as members determine what sort of support is 

needed and who among them is best suited to provide it. Consistent with this notion, team 
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members are more willing to ask for and to accept backup and error correction when they hold 

shared knowledge regarding the distribution of expertise among them and report higher levels of 

collective efficacy (Smith-Jentsch et al., 2009). Highly interdependent teams show greater levels 

of both collective efficacy and shared teammate knowledge (Alavi & McCormick, 2008; Yuan, 

Fulk, Monge, & Contractor, 2010). Thus, ISS crews may engage in less supporting behavior 

after a shift to a highly interdependent task because they did not develop or did not activate 

knowledge about one another’s unique expertise during a preceding period of autonomous work. 

Further, prior research has shown that physical separation from one’s teammates lowers their 

collective orientation (Smith-Jentsch, Kraiger, Salas, & Cannon-Bowers, 1999), and that those 

low in collective orientation pay less attention to their teammates than do those with higher 

collective orientation (Driskell & Salas, 1992). This means that crew members are less likely to 

have a collective awareness of one another’s dynamic internal states (e.g., physical health, 

fatigue, level of frustration; Daassi & Favier, 2005) following a period of autonomous work. 

This should interfere with their ability to distribute the workload effectively and monitor one 

another effectively when they shift to a highly interdependent task. Thus, future research should 

investigate the following research questions: 

Research Questions: 

 Does crew members’ level of collective awareness with respect to one another’s 

physical and emotional states decrease during autonomous work periods, and does 

this interfere with their ability to manage the distribution of workload after a shift 

to more interdependent work? 

 Are crews better able to engage in effective supporting behavior after a shift to 

interdependent work if they hold shared and highly accessible knowledge about 

one another’s relative strengths and weaknesses?  

 

Operational Impacts:  

 If it is found that supporting behavior is impaired after a shift from autonomous to 

interdependent work due to the decay of teammate-specific knowledge, training 

and pre-briefing strategies could be developed specifically to alleviate this 

problem.  

 If it is found that crew members lose collective awareness during autonomous 

periods and that this hinders their ability to manage workload effectively, 

structured pre-briefings could be explicitly designed so members re-develop a 

collective awareness of one another’s states (e.g., fatigue, health).  
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Information Exchange 

Team information exchange is a third teamwork dimension defined in the most recent set of 

SFRM skills. Information exchange involves pushing and pulling information to and from the 

right people at the right time. Specifically, crew members are expected to fully utilize all 

possible sources of information, to pass information proactively to others, and to integrate 

information to provide teammates with situational updates. Effective shifts from autonomous to 

interdependent work require crews to increase the degree to which they exchange information. 

However, their ability to do so will be impaired by a lack of temporal entrainment and shared 

temporal cognition.   

 
“We’re going to have another vehicle coming’ and so should you sleep shift right, 
or should you sleep shift left? Should you take meds? Not everybody adapts at 
the same pace” 
 

 

Crew members’ tasks and schedules are largely independent from one another during 

autonomous work periods. As such, they are likely to become highly entrained to their own 

temporal orientation (e.g., in pacing and time urgency). Consistent with this notion, astronauts 

describe having diverse sleeping, eating, and work schedules. Such temporal diversity should 

also have a negative impact on information exchange after a shift to interdependent work. Prior 

research has demonstrated that diversity with respect to team members’ temporal orientations is 

negatively associated with team performance (Mohammed & Nadkarni, 2011), particularly when 

it is coupled with a lack of shared temporal cognition which is a common understanding of time-

related aspects of a team’s task (Mohammed & Nadkarni, 2014). Like other dimensions of team-

related cognition, shared temporal cognition, if it had been previously developed, is likely to 

have decayed and/or become less accessible after a long period of autonomous work. This means 

that when shifting from autonomous to highly interdependent work, crew members are both 

more likely to be temporally out of sync and less likely to hold shared temporal cognition. This 

could result in ambiguity and/or conflict regarding when information is available and when it is 

expected to be exchanged (McGrath, 1991; McGrath & Kelly, 1986; McGrath & Rotchford, 

1983). Previous research has shown that team members tend to react to conflict by loosening 

rather than increasing their interdependencies with one another (Langfred, 2007). Thus, there is a 
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risk that crews shifting from autonomous to more interdependent tasks may resist increasing 

their information exchange in order to alleviate conflicts. In sum, the following research 

questions should be addressed in future research.  

Research Questions:  

 Does temporal diversity increase over time during autonomous work periods, and 

does this impair a crew’s ability to exchange information after a shift to 

interdependent work? 

 Do crews hold less shared temporal cognition after a period of autonomous work, and 

does this interfere with information exchange following a shift to more 

interdependent work?  

 

Operational Impacts:  

 If it is found that crew members become increasingly diverse with respect to their 

sleeping, eating, working schedules during periods of autonomous work, and that this 

impairs information exchange after a shift to highly interdependent work, crews could 

be scheduled/instructed to gradually synchronize themselves in this respect leading up 

to a planned task shift. Crews could also use structured pre-briefings to develop/re-

develop shared temporal cognition. 

 

Communication Delivery 

A fourth dimension of teamwork defined in the current instantiation of SFRM skills is 

communication delivery. Whereas information exchange involves knowing what to pass to whom 

and when, communication delivery refers to techniques designed to ensure messages are 

understood as intended. This includes using proper terminology, packaging calls in a clear, 

complete, and efficient manner, asking questions for clarification, and knowing what to do with 

the information. This section details some of the challenges associated with communication 

delivery that crews face when shifting from autonomous to highly interdependent tasks.   

 
“He knew if we had to stop and explain something that might slow [us] down” 
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During periods of autonomous work, crew members engage in much less task-related 

communication with one another than they do during interdependent periods. However, they do 

communicate with team members on the ground regarding their individual projects and, as such, 

may develop lexical entrainment with ground crew members, especially in situations 

immediately following a long period of autonomous work. Numerous studies have found that 

once an individual has entrained to a particular reference, they tend to persist in using that 

reference even when it is unnecessarily specific and even when their audience is unfamiliar with 

it (e.g., referring to an incident that occurred prior to a crew shift when some members were not 

present; Brennan & Clark, 1996; Deutsch & Pechmann, 1982; Mangold & Pobel, 1988; Van Der 

Wege, 2009). This occurs because it is difficult to suppress the retrieval of linguistic information 

that is highly accessible in memory (Wardlow, Lane, & Ferreira, 2008; Wardlow, Lane, & 

Liersch, 2012). Since listeners expect speakers to use descriptions that most efficiently convey a 

concept, the use of an over-specified, unfamiliar description can slow comprehension 

(Engelhardt et al., 2006; Gann & Barr, 2012). Recipient design (Sacks, Schegloff, & Jefferson, 

1974) or audience design (Clark & Murphy, 1982) are terms used to describe the processes 

whereby speakers adapt their language to the unique characteristics of listeners. Self-prompted 

audience design relies on knowledge the speaker holds about their partner’s social identity and 

their common experiences (Clark & Marshall, 1981), whereas other-prompted adaptations are 

made in response to feedback from the listeners themselves. Research has shown that speakers 

rely most heavily on other-prompted audience design when they know that it is available to them 

but that this becomes increasingly inefficient as the number of listeners increases (Rogers, Fay, 

& Maybery, 2013). Such inefficiencies may not be problematic during periods of autonomous 

work but could have more serious effects during highly interdependent work. It has been argued 

earlier in this report that crew members’ teammate-specific knowledge becomes less accessible 

to them during periods of autonomous work. This should inhibit their ability to engage in self-

prompted audience design, leading them to rely more heavily on the less efficient method of 

other-prompted audience design. As such, future research should investigate the following 

research questions: 
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Research Questions:  

 Does lexical entrainment with team members on the ground lead crew members to 

use phraseology that is not recognized by all crew members and does this lead to 

comprehension problems after a shift to more interdependent work? 

 Does the inaccessibility of teammate-specific knowledge lead to less efficient 

communication delivery after a shift from autonomous to interdependent work? 

 

Operational Impacts: 

 If it is found that communication delivery is impaired by the decay of teammate-

specific knowledge during periods of autonomous work (e.g., remembering which 

terms are familiar to which team members), training and pre-briefing strategies 

could be developed to explicitly refresh such knowledge in preparation for a pre-

planned shift to interdependent work. 
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Summary 

The objective of the current report was to identify potential problems crews face when shifting 

from autonomous to interdependent work, to summarize lessons learned from existing literature 

in this regard, to identify research questions that remain unanswered, recommend research to 

answer those questions, and predict the operational impacts that such research could have. To 

summarize, the most glaring gaps in the literature stem from the fact that (1) few studies have 

employed longitudinal designs to explore the impacts of task shifts, (2) prior research has failed 

to consider the impact of multiple forms of entrainment (e.g., physiological, lexical, social) 

simultaneously, (3) experimental conditions in prior studies do not reflect the range and type of 

interdependence flight crews face (e.g., complete autonomy, negative or asymmetric 

interdependence).  

I have also proposed three contextual factors that should make shifts from autonomous to 

interdependent work particularly challenging for crews: (1) the point in a crew’s development 

that a shift is required (more challenging early), (2) the length of the autonomous work period 

preceding a shift (longer periods more challenging), and (3) the degree to which potential crew 

fault-lines exist (e.g., cultural, educational). I have argued that research in this area should 

investigate the moderating effects of these three factors.  

Finally, I have offered some initial hypotheses with regard to the impact of shifts in task 

interdependence on four teamwork dimensions that are listed among the Space Flight Resource 

Management criteria: (1) Leadership/Followership, (2) Supporting Behavior, (3) Information 

Exchange, and (4) Communication Delivery. I have argued that each of these processes could 

break down in the event of a shift in task interdependence, and I have specified the cognitive and 

affective mechanisms (i.e., mediators) that are likely to explain these performance effects. I have 

organized the research questions and related operational impacts described in this report within 

Table 1 on the following pages. The final two columns of this table indicate the relative 

difficulty and investment required to conduct the research necessary to answer each question, 

and the investment and potential pay-offs expected by each operational impact. 
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Table 1.  Listing and Brief Description of Research Questions 
 
Research Q’s Difficulty/ 

Investment 
Operational Impacts Difficulty/ 

Investment 

What are the specific types 
of coordination breakdowns 
that can occur when crews 
shift from autonomous to 
highly interdependent work?  

 
Could be 
tested in lab 
or analogue 

Measures could be developed 
monitor for indications that a crew is 
not effectively shifting from 
autonomous to interdependent work. 

 
Moderate to high 
difficulty and cost 
(depending on type 
of measures) 

 
To what degree does 
perceived asymmetric and/or 
negative task 
interdependence between 
crew members interfere with 
team performance when 
shifting from autonomous to 
interdependent work? 

 
Could be 
tested in lab 
or analogue 

 
Crew commanders and mission 
planners could parse and assign 
tasks in such a way so as to minimize 
asymmetric and/or negative task 
interdependencies.  

 

 

 
Low to moderate 
complexity 
Low cost 

What is the rate at which 
crews develop and lose 
various forms of 
entrainment?  

Are there combinations of 
entrainment (e.g., lexical and 
cognitive) that are 
particularly problematic or 
helpful?  

 
 
Long-term  
Repeated  
Data 
collection 
On ISS 

Mission controllers could use this 
information when scheduling crew 
tasks. 

 

Crew commanders could be trained to 
monitor for indicators of various forms 
of entrainment and/or lack thereof. 

 
Moderate 
complexity 
Low cost 
 
Low difficulty 
Low cost 

Contextual Moderators    

 
Can we specify when during 
a team’s developmental 
process they are best and 
least prepared to effectively 
make shifts from low to high 
levels of interdependence? 

 

 
Long-term  
Repeated  
Data 
collection 
On ISS 

 
Mission planners could use this 
information when scheduling crew 
tasks. 

 
Moderate 
complexity 
Low cost 

 
At what rate does team-
related knowledge 
decay/become less 
accessible to crew members 
during periods of 
autonomous work?  
 

 
Long-term  
Repeated  
Data 
collection 
On ISS 

 
Mission controllers could use this 
information when scheduling crew 
tasks. 

 
Low difficulty 
Low cost 

 
Do cultural fault-lines 
develop and/or become 
stronger during periods of 
autonomous work on the 
ISS?  
 

 
Long-term  
Repeated  
Data 
collection 
On ISS 

 
Crew members from different cultures 
could be assigned to perform 
maintenance / housekeeping tasks 
and/or refresher training together 
during autonomous periods. 

 
Low difficulty 
Low Cost 
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Table 1 (cont.).  Listing and Brief Description of Research Questions 
 

Leadership/Followership    

 
Does perceived power 
distance increase during 
periods of autonomous work 
and does this interfere with 
shared leadership when a 
crew shifts to a more 
interdependent task? 
 
 
Does teammate-specific 
knowledge become less 
accessible over time during 
autonomous work periods 
and does this hinder 
increases in shared 
leadership when a crew 
shifts to a more 
interdependent task?  

 

 
Could be 
tested in lab 
or analogue 
 
 
 
 
 
Could be 
tested in lab 
or analogue 

 
Crew commanders could be trained in 
ways to explicitly communicate 
expectations for shared leadership 
and reminded to do so prior to a task 
shift. 

 
 
 
 
Pre-briefings could be structured to 
explicitly make salient each crew 
members’ unique expertise. 
 

 
Low Difficulty 
Low cost 
 
 
 
 
 
 
Low difficulty 
Low cost  
 

Supporting Behavior    

 
Does crew members’ level of 
collective awareness with 
respect to one another’s 
physical and emotional 
states decrease during 
autonomous work periods, 
and does this interfere with 
their ability to manage the 
distribution of workload after 
a shift to more 
interdependent work? 

 
Are crews better able to 
engage in effective 
supporting behavior after a 
shift to interdependent work 
if they hold shared and 
highly accessible knowledge 
about one another’s relative 
strengths and weaknesses?  

 

 
Long-term  
Repeated  
Data 
collection 
On ISS 
 
 
 
 
 
 
 
Long-term  
Repeated  
Data 
collection 
On ISS 

 
 
 
 
 
 
 
 
Structured pre-briefings could be 
explicitly designed so members re-
develop a collective awareness of one 
another’s states (e.g., fatigue, health) 
and refresh their knowledge about 
one another’s unique expertise.  
 

 
 
 
 
 
 
 
 
Low Difficulty 
Low cost 
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Table 1 (cont.).  Listing and Brief Description of Research Questions 
 

Information Exchange    

 
Does temporal diversity 
increase over time during 
autonomous work periods, 
and does this impair a crew’s 
ability to exchange 
information after a shift to 
interdependent work? 
 
Do crews hold less shared 
temporal cognition after a 
period of autonomous work, 
and does this interfere with 
information exchange 
following a shift to more 
interdependent work?  
 

 
Long-term 
data 
collection 
Repeated 
measures 
Real ISS 
crews 

 
Crews could be scheduled/instructed 
to gradually synchronize themselves 
in this respect leading up to a planned 
task shift.  
 
 
 
 
Crews could also use structured pre-
briefings to develop/re-develop 
shared temporal cognition. 
 

 

 
Moderate to 
low complexity 
Low cost 
 
 
 
 
 
 
Low difficulty 
Low cost 

Communication Delivery    

 
Does lexical entrainment 
with team members on the 
ground lead crew members 
to use phraseology that is 
not recognized by all crew 
members and does this lead 
to comprehension problems 
after a shift to more 
interdependent work? 

 
Does the inaccessibility of 
teammate-specific 
knowledge lead to less 
efficient communication 
delivery after a shift from 
autonomous to 
interdependent work? 

 

 
Long-term  
Repeated  
Data 
collection 
On ISS 
 
 
 
 
 
 
Long-term  
Repeated  
Data 
collection 
On ISS 

 
 
 
 
 
 
Training and pre-briefing 
strategies could be developed to 
explicitly refresh teammate-
specific lexical knowledge in 
preparation for a pre-planned shift 
to interdependent work. 

 

 
 
 
 
 
 
 
Low Difficulty 
Low cost 
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