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In many areas of human life, people perform in teams. These teams’ performances depend, at
least partly, on team members’ abilities to coordinate their contributions effectively. This includes
the making of decisions and the regulation of behavior in reference to the framework provided
by the social group- and task-context. Given the high relevance of a deepened and integrated
understanding about the mechanisms underlying coordinated team behavior, the aim of this
research topic is to provide a platform for different theoretical and methodological approaches
to researching and understanding coordinated team behavior in different task contexts. The
articles published in this edition offer a multifaceted insight into current work on the topic.
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Wahn et al.

Two Trackers Are Better Than One

bars are standard error of the mean.

FIGURE 3 | Comparison of experiments. (A) Normalized performance as a function of trials, separately for each of the three experiments (Experiment 1 “Scores”;
Experiment 2 “Selections”; Experiment 3 “Scores + Selections”). Pairs’ performances are normalized relative to the independent and the upper limit performances.
The yellow shading indicates significant comparisons between Experiment 3 and 2. (B) Mean peak performance of each pair as a function of experiment. The error

FIGURE 4 | Comparison of overlapping selections across experiments. (A) Fraction of overlapping selections as a function of trials, separately for each
experiment (Experiment 1 “Scores”; Experiment 2 “Selections”; Experiment 3 “Scores + Selections”). The number of overlapping selections are normalized relative to
the total number of selections. The yellow shading in panel (A) indicates significant comparisons between Experiment 3 and 2. (B) Mean minimal fraction of
overlapping selections as a function of experiments. The error bars are standard error of the mean.

cluster permutation tests. We found no significant cluster
when comparing Experiment 1 with Experiment 2 or 3. When
comparing Experiment 3 with 2, we found a significant difference
for a cluster with a larger extent (trials: 35-46, p = 0.034,
Cohen’s d = 0.23). These comparisons suggest that pairs reached
a lower fraction of overlapping selections in Experiment 3
compared to Experiment 2. However, results also suggest that
this difference is only present relatively early in the experiment
as no significant clusters were found for later trials. In order
to investigate this observation in more detail, we tested with a
one factorial between-subject ANOVA whether the minimum
fraction of overlapping selections of each pair differed across
experiments (see Figure4B for a descriptive overview). We
found no significant difference for this measure [F(p45 =
0.39, p = 0.678], suggesting that pair’s fraction of overlapping
selections converged to similar levels.

In sum, when comparing the fraction of overlapping selections
across experiments, similar to our analysis of the performance
above, we found that pairs in Experiment 3 had a lower fraction
of overlapping selections than in Experiment 2. However, this
difference was not found in later trials and also not when
comparing the minimum overlap for each pair.

In order to assess which type of strategies pairs used to
divide task demands, we analyzed the participants’ responses
in the questionnaire about their strategy-use. We found that
participants described either one of two types of strategies which
we termed a “left-right" division of labor strategy and “outer-
inner” division of labor strategy, or no strategy at all. For the
left-right strategy, participants described that they divided the
targets into the left-most and right-most portion at the start of
a trial. For the outer-inner strategy, participants described that
one of the participants tracked the targets that were located more
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in the center of the display at the start of a trial while the partner
would track the targets that were further away from the center.

Analyzing the fractions of these responses, for Experiment
1, we found that participants were predominantly described a
left-right strategy (53.125%), followed by the outer-inner strategy
(25%), with the fewest (21.875%) describing no strategy at
all. For Experiment 2, we found that participants would only
either describe the left-right strategy (75%) or no strategy at all
(25%). For Experiment 3, we found that a left-right strategy was
described by the most (75%) followed by the outer-inner strategy
(15.625%) and no strategy (9.375%). We tested whether these
observed differences were statistically reliable using a 3x3 x?
test with the factors Strategy (left-right, outer-inner, none) and
Experiment (Scores, Selections, Scores+Selections). We found a
significant effect (x> = 11.38, p = 0.023), suggesting that the
distribution of strategies differed across experiments, indicating
that participants predominantly used a left-right strategy to
collaborate with their partner. However, the use of a such a
strategy was higher in the experiments in which the partner’s
selections were received (Experiments 2 and 3) than in an
experiment in which only performance scores were received
(Experiment 1).

In addition, we also compared the normalized performance
between pairs that described a left-right strategy with pairs that
either described an outer-inner strategy or no strategy in a
2 (Strategy) x 3 (Experiment) between-subject ANOVA. We
found that pairs which described a left-right strategy performed
significantly higher than pairs with an outer-inner strategy or no
strategy [Mleft-right = 0.36 vs. Myther = 0.105 F(1, 42) = 6.44, p =
0.015]. We neither found a main effect of Experiment [F(,, 42)
= 0.38, p = 0.176] nor an interaction effect between the factors
Strategy and Experiment [F(,, 45) = 0.352, p = 0.705].

For Experiment 3, we additionally asked whether participants
relied more on the partner’s selections, scores, or both to develop
their strategy. Participants indicated that they relied the most on
the selections (50%) followed by scores (23.333%) and receiving
both (26.666%). These results indicate half of the participants of
Experiment 3 relied on the information about the actions of their
co-actor to form strategies despite the fact that they have both
types of information available.

Given such a high prevalence for a left-right division of labor
strategy in the questionnaire data, we investigated whether pairs
actually performed such a strategy. Given members of a pair
used a left-right division of labor strategy, we reasoned that the
initial object positions of members’ own target selections should
be closer together than the distance of target selections across
members. For calculating this difference, we first calculated for
each trial and each member of a pair the horizontal distance
(in pixels) between the initial positions of their individually
selected targets and averaged across these values for each trial
— this measure will be referred to as “distance within.” We then
calculated the distance between the initial positions of the target
selections across the selections of members of a pair (“distance
across”). In order to have our final measure, we subtracted
the distance across from the distance within values for each
trial. As noted above, if members of a pair would use a left-
right division of labor strategy, then we would expect a higher
distance across value than distance within value, resulting in a
negative residual. For this measure, on a descriptive level (see
Figure 5A for an overview), we found a negative difference,
suggesting that participants actually used a left-right division
of labor strategy. We tested whether the calculated differences
deviated significantly from zero using cluster permutation tests
and found this to be the case for all experiments for clusters
extending across all trials (Experiment 1: p < .001, Cohen’s d =
1.33; Experiment 2: p < 0.001, Cohen’s d = 1.49; Experiment
3: p < 0.001, Cohen’s d = 1.38). These data converge on the
conclusion that pairs actually applied a left-right division of labor
strategy. We found no significant cluster permutation tests when
we compared this measure across experiments (ps > 0.24).

In order to validate whether the chosen measure is an
appropriate one to characterize division of labor strategies, we
repeated the procedure above for the vertical distance instead
of the horizontal distances (see Figure 5B for an overview).
Here, a negative residual would indicate that participants
tended to divide the targets along the vertical dimension (i.e.,
chose an “up-down” division of labor strategy). As participants
did not indicate in the questionnaire to have divided task
demands along the vertical dimension, we expected no systematic
differences between “distance within” and “distance across” for

) Left-right division of labour strategy-use across experiments 7 Up-down division of labour strategy-use across experiments
2 2
a a
I o e e et R e e e O g g et i
o . ‘2
5 Experiment 5 Experiment
S © Scores S * Scores
@ -100 Selections ® -100 Selections
* Scores+Selections * Scores+Selections

2 500 -200
[} 1]
£ 2
€ _s004 E
£ £ o0
£ £
H H

_400- —400
= 0 25 50 75 [=

Trials

FIGURE 5 | Division of labor strategies. (A) Left-right division of labor strategy. Horizontal distance difference as a function of trials, separately for each experiment.
(B) Up-down division of labor strategy. Vertical distance difference is shown as a function of trials, separately for each experiment.

50
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each experiment. That is, systematic differences would only
occur if the “distance within” and “distance across” measures
were different regardless of whether participants used an "up-
down" division of labor strategy or not. We found no significant
cluster permutation tests within each experiment (ps = 1) and
across experiments (ps > 0.12), suggesting that our measure to
quantify left-right division of labor strategies, and the conclusion
stemming from it, was valid.

4. DISCUSSION

In the present study, we investigated how receiving information
about actions of a co-actor, performance scores, or both
contribute to the collective benefit in a collaborative visuospatial
task. In contrast to earlier studies that did not experimentally
manipulate the availability of these two types of information
(Brennan et al., 2008; Brennan and Enns, 2015; Wahn et al.,
2016c), we systematically varied whether members of a pair
received performance scores, only information about the actions
of their co-actor, or both. We found that these types of
information either alone or in combination enable pairs to
achieve a collective benefit early on. Furthermore, in each
experiment, pairs also surpassed the performance predicted if
members of a pair acted independently, suggesting that pairs
did indeed collaborate to improve their performance (i.e., they
effectively divided task demands).

In addition, participants’ subjective reports on strategy-use
further corroborate the conclusion that members of a pair
collaborated in the task, as the majority of participants reported
to have used a division of labor strategy (i.e., either a left-right
or outer-inner division of labor). The most prevalent strategy
that was reported across experiments was a left-right division of
labor strategy (i.e., one co-actor would always track the leftmost
targets while the other co-actor the rightmost targets), and we
objectively confirmed that pairs actually used such a strategy.
Earlier studies on collaborative visual search also found that pairs
devised spatial division of labor strategies as well (Brennan et al.,
2008; Brennan and Enns, 2015; Wahn et al., 2016¢). Our present
findings suggest that co-actors in collaborative visuospatial tasks
generally prefer to use left-right division of labor strategies. As
another point of note, in the present study subjective reports
of a left-right devision strategy were particularly prevalent when
participants were provided with information about the co-actor’s
target selections, suggesting that information about the actions of
co-actors especially foster the formation of a left-right division of
labor strategy.

When comparing the performance across experiments, we
found that pairs reached a significantly higher performance early
on when receiving both performance scores and information
pertaining to the partner’s selections than when only receiving
either the performance scores or the partners selections.
However, this performance advantage was not found for
later trials, suggesting that the pairs’ performances converged
to similar levels over time. A comparison of the peak
performances across experiments also revealed no significant
difference across experiments. These results were further
supported by a significantly lower fraction of overlapping
selections early on when receiving both performance scores

and the partner’s selections in comparison to only receiving
the partner’s selections. In sum, these findings suggest that
pairs that received both types of information devised an
effective collaborative strategy early on that was not further
improved in subsequent trials. In particular, we suspect that
the effectiveness of devised strategies could be verified quickly
using the available information on performance scores and the
number of overlapping selections, enabling pairs to divide the
task demands quickly and effectively.

When only information about the co-actor’s actions was
available, pairs could only use the information about the
overlapping selections as a means to verify their strategies,
possibly slowing down the formation of effective division
of labor strategies. In particular, the information about the
partner’s selections only informs participants about the number
of overlapping selections but does not inform them whether
their selections were actually correct. However, the fact that
pairs in this experiment ultimately devised equally effective
strategies relative to the devised strategies in the other two
experiments indicates that pairs’ selections over time do become
more accurate. More generally, if information about the actions
of the partner is available to co-actors in a collaborative spatial
task, findings suggest that performance scores are not strictly
necessary to devise effective devision of labor strategies.

Conversely, when only performance scores were available,
participants could only use the available performance scores to
verify whether the effectiveness of their division of labor strategy
is increasing or decreasing but do not have information available
on the actions of their partner. Members of a pair can only
hypothesize how the division of labor strategy is implemented
(i.e., which targets are tracked by the partner). However, again,
the fact that pairs’ devised strategies were equally effective relative
to the strategies devised in the other two experiments suggests
that receiving information about the actions of the partner
is not strictly necessary to devise effective division of labor
strategies. In short, the findings suggest that performance scores
about the individuals’ performances and the pair’s performance
are sufficient to devise effective division of labor strategies in
collaborative spatial tasks.

In sum, having either of the two types of information (i.e.,
the partner’s selections or the performance scores) is sufficient
to devise an effective devision of labor strategy. Yet, having
both types of information speeds up the development of such
strategies.

Similar findings were found in earlier studies investigating
collaborative decision-making tasks (Bahrami et al., 2012a).
That is, pairs’ performances were higher when they received
performance scores in addition to exchanging information
verbally compared to when they could only exchange
information verbally without receiving any performance
scores but converged to similar levels of performance over time
(Bahrami et al., 2012a). Here, we found that in a collaborative
visuospatial task, performance scores in addition to exchanging
information about the co-actor’s actions increased the pairs’
performances at first and then converged to similar performance
levels across experiments as well. More generally, these findings
suggest that pairs in a collaborative task benefit from having an
objective reference available to assess their performance.
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Regarding division of labor strategies, a direction for future
research is to identify the factors that may modulate the
type of division of labor strategies that co-actors devise. For
instance, the prevalence of left-right division of labor strategies
could be biased by the shape of computer monitors that are
used in studies investigating collaborative visuospatial tasks.
In particular, monitors with a rectangle shape (i.e, with a
larger width than height) were used in this study and earlier
investigations on collaborative visuospatial tasks (Brennan et al.,
2008; Brennan and Enns, 2015; Wahn et al., 2016c¢). For instance,
it would be interesting to determine if left-right division of labor
strategies vary in strength for quadratic stimulus displays and
possibly flip to top-bottom strategies for rectangle displays with
a greater height than width. More generally, traits as handedness
(i.e., whether the participant is right or left handed) or the reading
direction (i.e., whether the participant is a left-to-right or right-
to-left reader) (Afsari et al., 2016) could also influence and/or
facilitate the formation of strategies. That is, participants with
opposite handedness’ or reading directions may develop effective
left-right strategies earlier.

Another possible direction for future studies could be
to investigate whether division of labor strategies of similar
effectiveness could be devised by decreasing the received
information or replacing it by other information. Such studies
would be of interest to investigate the minimal amount of
information that needs to be exchanged between co-actors in a
visuospatial task to devise effective division of labor strategies.
In particular, in the present study the performance scores
constituted feedback about the individual performances as well
as the pair’s overall performance. A future study could investigate
the effectiveness of division of labor strategies when only a
score about the pair’s overall performance is available and
no information about the individual performances is received.
In particular, having no means to verify the accuracy of the
individual selections might slow down the development of
effective division of labor strategies and could modify the overall
effectiveness of these strategies. Conversely, having only a score
about the pair’s performance available might be sufficient to
devise an effective division of labor strategy, rendering individual
performance scores unnecessary.

Another point to consider is that in the present study the
information exchanged between co-actors of a pair was only
given at the end of a trial. Future studies could investigate
how the development of division of labor strategies is affected
by exchanging information while simultaneously performing
the collaborative MOT task. In particular, earlier studies on
collaborative visual search tested to what extent the online
exchange of spatial information about the actions of co-actors
contributed to the collective benefit and found that this led
to effective division of labor strategies (Brennan et al., 2008;
Brennan and Enns, 2015; Wahn et al., 2016c). Similar to
these studies, spatial information about the actions of co-
actors (e.g., gaze information or verbal information) could be
exchanged while participants track the objects in the MOT task.
However, given findings of other studies investigating individual
visuospatial processing capacities (Wahn and Konig, 2015a,b,
2016, 2017), processing spatial information about the actions of
co-actors in addition to performing the MOT task could possibly

interfere with performance, as both these types of information
draw from a common pool of visuospatial attentional resources.

More generally, findings of the present study dovetail with
other research that investigated the exchange of task-relevant
information between co-actors in joint tasks (e.g., see: Knoblich
and Jordan, 2003; Konvalinka et al., 2010, 2014; van der Wel
et al., 2011; Fusaroli et al., 2012; Vesper et al.,, 2013, 2016b;
Fusaroli and Tylén, 2016). That is, with regard to collective
benefits, co-actors’ joint performance is also facilitated by an
exchange of information about the co-actors’ task contributions
in joint visuomotor tasks (Knoblich and Jordan, 2003; van der
Wel et al,, 2011) or in a joint perceptual decision-making task
(Bahrami et al., 2010, 2012a; Fusaroli et al., 2012; Fusaroli and
Tylén, 2016). Moreover, depending on the type of information
that is exchanged between co-actors, co-actors systematically
use different coordination mechanisms (Konvalinka et al., 2010,
2014; Vesper et al., 2016b). Relatedly, we find that the distribution
of the used type of division of labor strategies changes depending
on which type of information is exchanged between co-actors
(i.e., information about the actions of co-actors, performance
scores, or both).

From a more applied perspective, the present findings
are applicable to circumstances in which humans need to
perform demanding collaborative visuospatial tasks that are
time-critical and/or only allow a very limited exchange of
information between co-actors. Many professions place a high
demand on visuospatial attention and at the same time
require individuals to interact and cooperate. For instance,
air-traffic controllers jointly need to track the trajectories of
multiple airplanes on a screen. In such circumstances, it
could be beneficial to only exchange the minimum amount
of information necessary to devise an effective division of
labor strategy, leaving more spare visuospatial attentional
resources to perform the tracking task. Similarly, it would be
beneficial for a security team tracking the position of several
suspects in a large crowd to effectively divide task demands
with only a minimum exchange of information, again leaving
spare visuospatial attentional resources available to perform the
tracking task more effectively. Moreover, the present findings
are potentially applicable to scenarios, in which humans and
robots jointly perform tasks (Schubo et al., 2007; Vesper, 2014;
Ghadirzadeh et al, 2016). That is, the present study may
provide indications which type of information is crucial for
developing effective devision of labor strategies in collaborative
visuospatial tasks that are jointly performed by humans and
robots.
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The synergistic interaction between teammates in association football has properties that
can be captured by Social Network Analysis (SNA). The analysis of networks formed by
team players passing a ball in a match shows that team success is correlated with high
network density and clustering coefficient, as well as with reduced network centralization.
However, oversimplification needs to be avoided, as network metrics events associated
with success should not be considered equally to those that are not. In the present
study, we investigated whether network density, clustering coefficient and centralization
can predict successful or unsuccessful team performance. We analyzed 12 games of
the Group Stage of UEFA Champions League 2015/2016 Group C by using public
records from TV broadcasts. Notational analyses were performed to categorize attacking
sequences as successful or unsuccessful, and to collect data on the ball-passing
networks. The network metrics were then computed. A hierarchical logistic-regression
model was used to predict the successfulness of the offensive plays from network
density, clustering coefficient and centralization, after controlling for the effect of total
passes on successfulness of offensive plays. Results confirmed the independent effect of
network metrics. Density, but not clustering coefficient or centralization, was a significant
predictor of the successfulness of offensive plays. We found a negative relation between
density and successfulness of offensive plays. However, reduced density was associated
with a higher number of offensive plays, albeit mostly unsuccessful. Conversely, high
density was associated with a lower number of successful offensive plays (SOPs), but
also with overall fewer offensive plays and “ball possession losses” before the attacking
team entered the finishing zone. Independent SNA of team performance is important to
minimize the limitations of oversimplifying effective team synergies.

Keywords: Social Network Analysis, team sports, elite soccer, match analysis, expert performance, team synergy

INTRODUCTION

The team, rather than the individual, has become the basic work unit in many activities and
organizations (Balkundi and Harrison, 2006), and team sports are excellent examples revealing
the importance of team dynamics for success (Duch et al., 2010). A team is a group of individuals
working cooperatively and in a coordinated way to achieve a common goal (Zaccaro et al., 2002).
Team performance is more than the sum of the interdependent individual performances, as
individuals strive to coordinate between different roles and tasks (Anderson and Franks, 2001).
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Network Characteristics of Successful Performance

In team sports performance, individual players in a successful
team act as a coherent unit, thus creating a team synergy (Aradjo
and Davids, 2016).

Individual and collective behavior has been intensively studied
in team sports performance analysis. The behavior of an
individual player affects the team’s behavioral pattern (Vilar
et al, 2012), and conversely, the teammates may influence
the behavior of each individual player. Team behavior is
a collective organization that emerges from the cooperation
between teammates (Gréhaigne et al., 1997; Peia and Touchette,
2012). The emergence of such collective behaviors can be assessed
and understood through the measurement of key synergistic
properties such as degeneracy, i.e., the structurally different
components that perform a similar (but not necessarily identical)
function in a given context (Aratjo and Davids, 2016). The
degeneracy of team behavior as a social relationship property can
be captured by Social Network Analysis (SNA) (Grund, 2012;
Pefia and Touchette, 2012). SNA has been applied to association
football or soccer (Clemente et al., 2014b), in particular to analyze
ball-passing networks in a team. These studies demonstrated
that some metrics are useful to characterize styles of play
and cooperation among teammates (Cotta et al., 2011, as well
as the relation between individual actions and team tactical
behavior (Passos et al., 2011). Centrality metrics have been
used to identify the most influential tactical positions within a
team. For example, by analyzing the in-degree and out-degree
centrality of the Portugal national football team players, Mendes
et al. (2015) found that during the FIFA World Cup 2014 the
central midfielders were the key players in the attacking-building
process. A similar study examining degree centrality and degree
prestige of Switzerland national team players during the same
competition showed that the key players receiving the ball were
also the midfielders, suggesting this team has a style of play
based on attacking building (Clemente et al, 2015b). Thus,
network metrics such as density, heterogeneity and centralization
are effective for characterizing the cooperation between players
(Clemente et al., 2015a).

Analyses of network heterogeneity and centrality reveal that
team offensive play has many variations and short patterns
that increase collective unpredictability (Clemente et al., 2014b).
Furthermore, high total links and high density can convey the
team’s greater ability to pass the ball between all players and
to function as a whole, as well as to decentralize the network
(Clemente et al., 2014a). For example, a study analyzing team
ball-passing networks in 760 matches of the English Premier
League (Grund, 2012) showed that high levels of network
intensity were associated with increased team performance (goals
scored), and centralized interaction patterns with decreased team
performance. More recently, similar research analyzing ball-
passing networks of teams competing at the FIFA World Cup
2014 (Clemente et al.,, 2015c) revealed significant differences
in density, total links and clustering coefficient between teams
reaching different stages of the competition. These findings
further demonstrate an association between higher density, total
links and clustering coefficient with performance variables such
as goals scored, overall shots, and shots on goal (Clemente
et al, 2015c). These findings were corroborated in youth
football (under-15 and under-17) by Gongalves et al. (2017),

who observed that lower passing dependency for a given
player (lower betweenness scores) and higher intra-team well-
connected passing relations (higher passing density and closeness
scores) may optimize team performance (number of shots). Also
outside the scope of SNA important contributions were made to
understand the effectiveness of collective behaviors and different
tactical approaches. Thus, longer passing sequences, either in
terms of number of passes (Hughes and Franks, 2005; Tenga
et al., 2010a) or its duration (Lago-Ballesteros et al., 2012a)
have been reported as more efficient to obtain goals (Hughes
and Franks, 2005) or score-box possessions (Tenga et al., 2010a;
Lago-Ballesteros et al., 2012a).

Despite these recent advances, research in the field has
remained focused on the association between ball-passing
network metrics and coarse-grained team performance variables
(e.g., goals scored, shots, shots on goal, or competition stage
reached) (Grund, 2012; Clemente et al., 2015¢), which implies
that team performance outputs and network properties metrics
are measured simultaneously (Grund, 2012). However, since
ball-passing network analysis offers an overall picture of events
occurring during a certain period of time, typically a synthesis
of several complete matches, the events leading to successful
or unsuccessful team performance are included in the same
analyses. Thus, it remains unknown whether specific network
properties and successful (or unsuccessful) team behavior are
associated. Furthermore, although previous research based on
ball-passing networks suggests that high density (Clemente et al.,
2015¢) and low centralization (Grund, 2012) are associated with
successful teams, the relation between clustering coefficients and
team performance is more uncertain (Pefia and Touchette, 2012;
Gudmundsson and Horton, 2016). Thus, the aim of this study
was to test whether team network density, centralization and
clustering coefficient can be used to predict the outcome of
offensive plays.

MATERIALS AND METHODS

Sample

This study deliberately focused on club-teams rather than on
national teams because club-teams train and compete together
for longer consecutive periods of time. Our sample comprises
12 matches played in Group C of the UEFA Champions League
2015/2016 Group Stage. The four teams analyzed are here
identified as CAM, FCA, GSK, and SLB.

Procedures

Our analysis focused on collective offensive processes. Offensive
play is a set of attacking actions performed by a team between
recovering and losing ball possession. According to Garganta
(1997) a team is in possession of the ball, and therefore in the
attacking process, when any of its players respect, at least, one
of the following conditions: (i) holds at least two consecutive
contacts with ball, (ii) performs a positive pass (allowing the
maintenance of ball possession), and (iii) performs a shot
(finishing). We considered that a team is in possession of the ball
once it completes a pass and maintains ball possession after the
pass. Moreover, set-off passes were considered in the analysis.
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The video footage used in the analysis was obtained from
TV broadcasters. We started by categorizing all offensive plays
as successful when the attacking team entered the finishing zone,
which was previously reported as a proxy variable for scored goals
when measuring successfulness in football (Tenga et al., 2010b).
The concept of finishing zone was based on Gréhaigne et al.’s
longitudinal division of the football field into four equal areas
(Gréhaigne et al., 2001). These areas are designated according
to the direction of the attack as follows: defensive zone, pre-
defensive zone, pre-offensive zone and offensive zone. The
offensive zone in elite soccer was defined as the finishing zone
(Lago Ballesteros et al., 2012b).

Successful offensive plays (SOPs) include plays that finished
with a shot at the goal and those where the team retained
ball possession until entering the finishing zone. Unsuccessful
offensive plays (UOPs) were all the plays where the team lost
ball possession without meeting either of the SOP criteria.
Neutral plays were offensive plays where a team did not lose
ball possession but also did not meet the SOP criteria. This
neutral category included all offensive plays that were initiated:
(i) from an offensive corner kick; (ii) in an offensive throw-in;
and (iii) from offensive free kicks with a first pass directly into
the finishing zone. The neutral offensive plays were not included
in the present analysis.

The offensive plays were identified and categorized with
Longomatch software from every pass performed in the 12
matches. The players who passed and received the ball were
registered for each offensive play. A number from one to 11 was
assigned to each player according to his initial position within the
team’s tactical system. The same number was assigned to players
performing the same tactical position. Taking into account their
different stoppage times, each half of the match was divided
into three fractions with the same duration. Next, two adjacency
matrices of offensive plays (successful and unsuccessful) for each
opposing team were created for the six periods of the match, in a
total of 24 adjacency matrices per match. Each of these adjacency
matrices was then imported to the software NodeXL to compute
the networks and their metrics. All statistical procedures were
performed using SPSS Statistics 24.

Predictor Variables

Density

Density is the interconnectedness of nodes (players) in a network
(team), i.e., it is the ratio of existing ties (passes) between
teammates relative to the possible number of such ties (Balkundi
and Harrison, 2006). In ordered relations, as in the teammates
interactions, the possible directed links in a digraph of n nodes
are n (n — 1), as a unique pass between two players was
operationally defined as a link. The graph’s density A is defined as
the ratio between the total registered links (£) and the maximum
number of possible connections. It is calculated as:

A L
T nn—1)

Thus, density is a fraction with a minimum of 0 (no lines/arcs
present) and a maximum of 1 (all lines/arcs are present)
(Wasserman and Faust, 1994).

Clustering Coefficient

Clustering is a measure of the degree to which nodes in a
network tend to cluster together (Pefia and Touchette, 2012).
The clustering coeflicient, originally introduced by Watts and
Strogatz (1998), quantifies how close a node and its neighbors in
a graph are to becoming a complete subgraph.

In directed graphs, the local clustering coefficient of a vertex
expresses the ratio of the links between the vertices that are
connected to it. Thus, local clustering coefficient (C) of a given
vertex i is the fraction of the number of connections a;. between
ki vertices in its neighborhood, divided by the maximum number
ki (ki — 1) of possible links there between:

{ajx- ai € E}|
Ci=
ki (ki - 1)

We used a variant of the clustering coefficient—the average local
clustering coefficient—to measure the clustering level throughout
the network:

_ 1 n
C=;Zi=1 C;

Centralization
The centrality of a group or network is the degree of inequality
of the distribution of positions/“weights” of different elements
within the network. A network is therefore more centralized
when one of its elements is clearly more central than all other
group members. Conversely, a network is decentralized when all
its elements have the same value of centrality (Grund, 2012).
There are several measures of centrality and researchers do
not always agree on how “group centrality” or “centralization”
should be assessed. We used degree centrality for quantifying the
relative influence of each player on the total number of passes
within a network. Thus, centralization conveys how central the
most central player is when compared to the other players in the
network. This metric was originally described by Freeman (1978)
and is calculated as the sum of the differences between the vertex
with the highest degree centrality and all other vertexes; divided
by a value depending only on the size of the network:

Yo deg (v¥) — deg (v)
n2—3n+2

Cp =

where deg (v*) is the largest value of centrality degree in the
network, deg (v) is the value of each vertex centrality degree, and
the denominator is the maximum possible sum of differences in i
= 1 vertex centrality for a graph of n vertexes (Freeman, 1978).

In the context of a football match, zero centralization indicates
that all players have the same level of interaction during the game.
Conversely, a centralization value very close to one suggests that
a player is the key-player of the team and that other players have
a strong tendency to play with him (Clemente et al., 2015a).

Analysis

A hierarchical logistic regression model using the logit link
function was performed to predict the successfulness of offensive
plays from the number of passes performed and the network
metrics (density, clustering coefficient and centralization). Two
blocks were defined. In thefirst block, only the predictor total
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passes was introduced. In the second block, we introduced the
network metrics. Thus, after controlling for the effect of total
passes, we could estimate the specific effects of the network
metrics. Preliminarily, the data was screened for collinearity
problems and outliers and for linearity of the logit. Following
the recommendations in (Belsley et al., 2005), we diagnosed
collinearity when conditioning indexes were greater than 30 for
a given dimension and the variance proportions were greater
than 0.5 for more than one variable. The latter was true for the
pairs of variables “clustering coefficient and centralization” and
“total passes and density,” however, both of these dimensions
registered conditioning indexes below 30 (12.224 and 22.655,
respectively). We tested all the metrics for linearity of the
logit, running the logistic regression with all predictors and the
interaction between each predictor and the log of itself in a
single block. All four interactions had significance values greater
than 0.05, indicating that the assumption of linearity of the logit
has been met for total passes, density, clustering coeflicient and
centralization. Consequently, it was not necessary to transform or
eliminate any predictor-variable. Next, we obtained z-scores and
searched for outliers greater than 3.29 (Tabachnick and Fidell,
2013). A single outlier was identified (z-score = 4.378) and
removed. Additionally, four SOP cases were removed because
they registered “no passes.” After these preliminary procedures,
283 of the initial 288 cases were kept for further analysis,
corresponding to 144 cases of UOP and 139 of SOP.

In a logistic regression, Exp (B;) represents the odds-ratio of
success vs. failure (categories of the model’s dependent variable)
when variable X; increases by one unit with respect to the odds-
ratio of success vs. failure, when X; stays constant. Density,
clustering coefficient and centralization vary between zero and
one, therefore, we converted these metrics to a scale of 0 to
10 to adjust to model sensitivity. Consequently, the odds ratios
presented for these variables refer to a unit change of 0.1.

RESULTS

A two-block hierarchical logistic regression was used to predict
the successfulness of offensive plays. In the first block, the total
number of passes (hereafter referred to as ‘total passes’) was
the only predictor-variable. This model performed significantly
better than a constant-only model [G%L N—o2gy = /484, p =

0.006], it did not satisfy goodness-of-fit criteria (Hosmer and
Lemeshow test: X(z& N =283) = 25.342, p = 0.001), and it produced

a Nagelkerke 72 of 0.035. Network metrics were added in a
second block (Table1). This second model performed better
than a constant-only model [G}| \ _ g3 = 15.484,p = 0.004)
and satisfied goodness-of-fit criteria (Hosmer and Lemeshow

test: X(Z&N=283) = 7.187, p = 0.517), achieving a Nagelkerke

72 of 0.071. The first-block model correctly classified 56.2% of
the known cases, 66.7% of the UOPs and 45.3% of the SOPs.
The second-block model correctly classified 69.5% of the UOPs
and 47.5% of the SOPs, with an overall correct classification of
58.7% of the cases. Thus, adding the second block to the model
increased the number of correct classifications by 2.5%.

Total number of passes and density were significant predictors
among the four considered variables. The total number of passes

TABLE 1 | Binary Logistic Regression Model of offensive plays’ successfulness.

B (S.E.) Wald P Exp (B) Exp (B) 95% C.I
Lower Upper
Total number 0.079 (0.034) 5.475 0.019 1.082 1.013 1.156
of passes
Density -1.320 (0.591) 4.994 0.025 0.267 0.084 0.850
scores
Clustering 0.179(0.193) 0.858 0.354 1.196  0.819 1.747
coefficient
scores
Centralization  0.189 (0.143) 1.7569 0.185 1.208 0.914 1.697
scores
Constant -0.615(0.469) 1.719 0.190 0.541

Successful Offensive Play (SOP) is the reference category of successfulness predicted in
the model.

was positively associated with the successfulness of offensive
plays. A one-pass-increase augmented the probability of SOPs
by 8.2% Exp (B8) = 1.082; see Table 1). More significantly, a
10% decrease in density increased the chances for a successful
offensive play by 73.3% (Exp (B) = 0.267; see Table1).
Furthermore, for density values ranging from 0 to 0.25 there is a
similar relation between total passes and number of either SOPs
or UOPs (see Figure 1), despite the higher frequency of UOPs
(see Figure 2). However, for density values above 0.25, as density
and total passes increases, we see a tendency for a decrease in
both SOPs and UOPs, but a predominant occurrence of SOPs in
relation to UOPs.

DISCUSSION

Network characteristics such as density, clustering coefficient
and centralization have been reported as good descriptors of
game style in soccer teams, as they can be associated with
metrics of success such as goals scored, shots, shots on goal,
and competition stage reached by teams. However, since network
analysis describes events occurring during entire matches,
performance outputs and network properties metrics cannot
be measured simultaneously. In this study, we attempted to
clarify the association between specific network properties and
successful (or unsuccessful) team behavior.

Our model was able to classify 58.7% of the events correctly,
however, it performed better at identifying UOPs (69.5%) than
SOPs (47.5%). These results suggest that these network metrics
(density, clustering coefficient and centralization) can more
accurately describe the team behaviors associated with UOPs
(i.e., losing ball possession) than the behaviors leading to SOPs
(i.e., moving into the finishing zone or shooting on goal). Thus,
despite the limited predictive power, the model seems to better
pinpoint the collective behaviors that the teams should avoid
rather than the ones that they should perform in order to ensure
success.

The total number of passes and density were the most relevant
variables in our model. Total passes was introduced in the first
block of regression model to assess the specific influence of the
network metrics on team performance. The improvement in
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FIGURE 1 | Depiction case-by-case of the relationship between density and total passes, for SOP and UOP predicted outcomes, according to the second-block
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FIGURE 2 | Frequencies of density values, according to the category of
offensive play’s successfulness.

the model obtained by adding the second block confirmed the
metrics’ specific influence. We observed a positive association
between total passes and team performance. Each new pass
in a set of offensive plays occurring within a 15 min-period
resulted in the teams being 8.2% more likely to move into the
finishing zone or to shoot on goal. These findings corroborated
the studies that showed that long passing sequences are more
efficient than short passing sequences (Hughes and Franks, 2005;
Tenga et al., 2010a; Lago-Ballesteros et al., 2012a). The density
of a ball-passing network increases whenever two players who
were not yet connected pass the ball between them; in this

way, high density is probably associated to high occurrence of
these differentiated links. This greater variability of pass patterns,
which is expressed in qualitatively distinct connections over a
given period, may occur for different reasons. For example,
greater collective dynamics and high player mobility can result
in passes between players who regularly play in distant areas.

It has been shown that strong cooperation between teammates
makes teams stronger and more successful (Balkundi and
Harrison, 2006). Thus, how can we explain our results showing
that density has a negative effect (albeit small) on the
successfulness of offensive plays? As can be seen in Figure 2,
for density values ranging from 0 to 0.25 our model predicts
more UOP than SOP outcomes. When we consider only events
classified as SOP, there is a high number of offensive plays with
density values ranging from 0.1 to 0.25, followed by a decrease.
This drop in the number of offensive plays for higher density
values could explain the negative association between density and
SOPs. Indeed, despite being associated with fewer SOPs overall,
higher densities are more likely to lead to SOPs (see Figure 1).
Thus, our results suggest that density values lower than 0.25 are
associated with a higher number of offensive plays, albeit mostly
unsuccessful ones. Conversely, for density values above 0.25 there
may be fewer offensive plays overall but most are successful. It
is unlikely though that this negative association between density
and SOPs is simply due to the higher number of errors and
losses that result from the players’ greater efforts to maintain
connections in high-density scenarios (Burt, 1997). Instead,
it seems more plausible that the reduction in SOP outcomes
observed for density values above 0.25 explains that negative
association. Indeed, these offensive plays with high-density values
are characterized by a higher number of passes (see Figure 1),
which could explain why there are fewer (but more successful)
offensive plays in the same period of time. For example, these
high-density values may result from longer ball-possession times,
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fewer ball possession losses, or specific losses in advanced zones
of the field (finishing zone). These results are in line with findings
of Hughes and Franks (2005), who reported that the association
between short offensive sequences and high number of goals
was directly related to the greater number of these sequences
but not to their efficiency. When the results were normalized
by the number of offensive plays, it was observed that the
longer offensive plays were more efficient. This hypothesis is
consistent with our observation that qualitatively differentiated
links are associated with high densities, which likely reflects
a greater unpredictability of passing patterns. Furthermore, it
was previously proposed that greater variability of action and
less exposure to the opponent could result from decentralized
passing patterns (Gréhaigne et al., 1997). Such characteristics of
offensive plays associated with high-density values contribute to
an offensive process that creates goal-scoring opportunities and
are more effective for maintaining ball possession in advanced
areas. Interestingly, offensive plays with similar characteristics
have been observed in successful teams at the FIFA World Cup
2014 (Clemente et al., 2015¢) and in under-15 and under-17
football teams (Gongalves et al., 2017).

We found that the clustering coefficient is not a significant
predictor of the successfulness of offensive plays, thus
corroborating previous research (Pena and Touchette, 2012;
Gudmundsson and Horton, 2016). High clustering coefficient
values express the subgroup formation within the team itself;
when these subgroups are created based on passes between
teammates, as in the present study, the players performing
in close areas tend to be linked together, thereby explaining
the high clustering coefficients. This could reflect an offensive
style choice based on short combinations between players, as
previously observed for the Spain, Germany and Netherlands
national teams at the FIFA World Cup 2010 (Cotta et al., 2011;
Penia and Touchette, 2012). Thus, the modest contribution of
the clustering coefficient to the predictive value of our model
suggests that different offensive styles may lead to successful team
performance, depending, for example, on the players” individual
qualities or on different strategic options. Further investigation
is needed to clarify this issue. Our results also demonstrated that
centralization is not consistently associated with successfulness
of offensive plays, which is in agreement with findings by Fewell
etal. (2012) showing that there is no strong relationship between
centralization and team performance. Results didn’t corroborate
previous reports showing that higher centralization is associated
with worse team performance (Grund, 2012; Gongalves et al.,
2017). This discrepancy could, however, be explained by the
different methodologies in these studies, as discriminating
successful and unsuccessful performances probably influenced
the relationship between centralization and successful team
performance in our study.

In summary, our results suggest that network density
contributes to the prediction of a team’s ability to enter in the
finishing zone or to shoot at the goal in elite football matches.
Furthermore, this study gives new insights into the association
between network density and team performance (Balkundi and
Harrison, 2006). First, we showed that low network density
may be associated with a higher overall number of offensive

plays but which are mostly unsuccessful. Second, high density
was associated with fewer and/or longer offensive plays, which
reduces the possibilities of a team moving into the finishing
zone (hence decreasing total SOPs), thus resulting in a negative
association between density and SOPs. Finally, we considered
that high density may also be associated with fewer ball-
possession losses before the teams reach the finishing zone (hence
increasing probability of SOPs), thereby supporting the density-
performance hypothesis.

Some practical implications can be drawn from the present
findings. Teams that express high densities in their offensive
process may lose possession of the ball in the advanced zones,
This facilitates, for example, more space on the back of the
defensive line and the need to control this space by efficient
pressing in zones of loss. Furthermore, the establishment of
varied links by a team is eventually dependent on the creation
of numerous lines of pass to the player with the ball. In light with
ecological dynamics (Araujo et al., 2006), it might be enhanced
in the training sessions by the manipulation of task constraints,
such as: (i) using different relationships between depth/width
of field, to make a team enter the finishing zone by different
space channels and, consequently, using differentiated links;
(ii) performing possession games with numerous mini-goals
dispersed in the field, so that the player with the ball searches
for 360° pass lines (all around him/her); (iii) performing games
with variation of the relationship between the number of players
and the size of the field, to induce variability in the distance of
the pass lines and the type of pass required. On the other hand,
teams that express less density in their offensive plays must be
prepared for more losses of ball possession, most probably in
areas closer to their goal. In addition, to be offensively successful
with more constant links among teammates (less new links),
maybe some useful task constraints might be: (i) establishment
of a time limit for the performance of offensive plays, in order to
enhance the entries in the finishing zones with few connections;
(ii) performing small-sided games with few players (1 x 1,2 x 2,
3 x 3) to promote brief attacking actions with stable connections;
(iii) improving relationships between specific players, according
to preferential links, by placing such players in the same team in
small-sided games or in the training of specific collective actions
among them.

We tested a model that analyzes the specific associations
between the characteristics of a team’s ball-passing network and
the outcome of its offensive plays (entering the finishing zone
and shot on goal vs. losing ball possession). Previous studies had
not differentiated these different outcomes, which may explain
our results revealing a negative relation between density and
team performance. Additionally the limited predictive power
of the model may be associated with some limitations of
the study such as the reduced number of teams and games
analyzed, which may influence the findings due to the specific
style of play of the four teams and eventually by the intra-
and inter-team synergies created in the matches among them.
Finally, we demonstrated that neither clustering coefficient nor
centralization are significant predictors of team performance
successfulness, possibly indicating that diverse offensive styles
can be equally effective for a team to succeed.
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This study aims to explore the influence of co-author network on team knowledge
creation. Integrating the two traditional perspectives of network relationship and network
structure, we examine the direct and interactive effects of tie stability and structural holes
on team knowledge creation. Tracking scientific articles published by 111 scholars in
the research field of human resource management from the top 8 American universities,
we analyze scholars’ scientific co-author networks. The result indicates that tie stability
changes the teams’ information processing modes and, when graphed, results in
an inverted U-shape relationship between tie stability and team knowledge creation.
Moreover, structural holes in co-author network are proved to be harmful to team
knowledge sharing and diffusion, thereby impeding team knowledge creation. Also, tie
stability and structural hole interactively influence team knowledge creation. When the
number of structural hole is low in the co-author network, the graphical representation
of the relationship between tie stability and team knowledge creation tends to be a more
distinct U-shape.

Keywords: tie stability, structural hole, knowledge creation, collaboration, network

INTRODUCTION

As knowledge is important to the development of society and organizations, there is a burgeoning
interest on how to create more knowledge in scientific research (Lambiotte and Panzarasa, 2009).
Traditionally, scholars have focused on the role of individual personality or talents on knowledge
creation (e.g., Bowler and Morus, 2010). However, recent knowledge management researchers are
shifting their attentions from the individual factors to team factors (Wuchty et al., 2007). Given
knowledge creation is becoming more and more complex, researchers build teams in order to meet
their knowledge creation goals. This shift poses a challenge for researchers: how can teams manage
the process of knowledge creation successfully?

The majority of research adopts the paradigm of “input-process-output” model to explore the
antecedents and process of team knowledge creation. Following this model, researchers suggest
that team diversity such as educational background, gender, age diversity (Smith et al., 2005),
leadership behavior (Nonaka et al., 2006) and organizational policies (Argote et al., 2003) are
critical antecedents of team knowledge creation. They also identify team learning (Stacey, 2001),
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team members’ motivations (Sosa, 2011) and feedback (Akbar,
2003) as key processes that stimulate team knowledge creation.
However, prior research mainly focuses on the effects of teams’
cognition or behaviors among team members on team knowledge
creation. This approach fails to capture the influence of team
members’ interactions on team knowledge creation. Team
knowledge creation refers to a continuous, self-transcending
process during which team members obtain, absorb and integrate
valuable external knowledge through their interaction with others
(Nonaka et al., 2000). This process emphasizes team members’
interactions (Schumpeter, 1934; Polanyi and Sen, 1967). Thus,
some researchers introduce social networks theory to investigate
team knowledge creation.

Social network theory offers theoretical lens to analyze the
influence of embedded relationship on individual or team’s
behavior. Generally, previous studies explore network effects
manly from two different perspectives (Moran, 2005). The
first perspective focuses on the direct tie effects such as tie
strength (i.e., the mean frequency interactions among actors)
on organizational outcomes (e.g., Labianca and Brass, 2006).
The second perspective, from a macro level, posits that the
network structure such as network density (i.e., ratio of
extant edges to potential edges) plays the most important role
on shaping individual or team’s behavior (e.g., Galaskiewicz
and Burt, 1991; Burkhardt, 1994). These two streams have
pushed social network study forward tremendously. However,
due to the lack of comparative and comprehensive study
on the two perspectives, we know little about the exact
role that network structure and directive tie states play in
the team knowledge creation process. Importantly, we do
not know whether these two aspects have interactive effects
on team knowledge creation. Hence, this study attempts to
address this knowledge gap by choosing specific variables
from these two different perspectives and comparing the
direct effects of these variables while examining the interactive
influence of the two network perspectives on team knowledge
creation.

Existing studies of direct ties mainly focus on the effect
of interactive frequency among actors, i.e., tie strength, on
knowledge creation. For example, McFadyen et al. (2009) find
that average tie strength is one of the critical factors that
influencing knowledge creation. However, the majority of these
studies have overlooked the time aspect of the ties. This is
problematic because the same interaction between two actors
may occur in 1 day, it may also happen in 1 month or even 1 year.
If researchers only focus on frequency, there is no way for us to
know if the ties among actors are stable. Further, we will not clear
about whether tie stability (i.e., keeping a certain relationship for
a long time) will benefits team knowledge creation. Therefore, we
will first examine the relationship between tie stability and team
knowledge creation.

Considering the studies focus on network structures,
researchers mainly emphasize two critical variables, i.e.,
network density and centrality. For example, network density,
defined as the proportion of potential ties in a network that
are actually present (Ahuja et al, 2012), has been identified
as impeding factor of knowledge creation (McFadyen et al,

2009), and centrality, defined as the extent to which a network
revolves around a single node, has been proven to have
positive effects on knowledge creation (Matusik and Heeley,
2005). However, structural hole, referring to the acts that
serve as mediators between two or more closely connected
groups, has been considered as an very important attribute
of network structure (Burt, 1992), few studies have examined
the relationship between structural hole and team knowledge
creation. In addition, both attributes of tie and structures
may interactively influence team knowledge creation. To our
knowledge, few studies have examined the interactive effect
of tie stability and structural hole on knowledge creation.
Therefore, the second aim of this study is to examine the
direct effect of structural hole as well as the interactive
effect of tie stability and structural hole on team knowledge
creation.

The present study contributes to the knowledge creation
literature in two aspects. Firstly, despite some links existing
between ego network and individual knowledge creation (e.g.,
Smith et al., 2005), we know surprisingly little about how new
knowledge is created in teams (McFadyen and Cannella, 2004;
McFadyen et al., 2009). This study sheds light on this aspect
by identifying the influences of co-author network on team
knowledge creation. Secondly, we intend to integrate the two
different perspectives, i.e., network structure (structural holes)
and network tie attribution (tie stability), to examine the direct
and interactive effects of the two on team knowledge creation.
Prior studies either examine the effect of tie attribution such
as tie strength on knowledge creation (e.g., Levin and Cross,
2004), or identify the network structure, such as density and
centrality on knowledge creation (e.g., Gilsing et al., 2008).
There is no theoretical and empirical evidence of how these
two aspects of network interact simultaneously. This study adds
value on the influence of co-author network on team knowledge
creation.

THEORETICAL BACKGROUND

Knowledge creation is a continuous, self-transcending process
during which individuals obtain, absorb and integrate
valuable external knowledge through their interaction with
others (Nonaka et al, 2000). It is affected by individuals
current knowledge system and external knowledge processing
environment. This process, to some extent, is an information
processing process. Although individual and collective processes
of knowledge creation are similar, the only difference between
them is that the individual process emphasizes the integration
of knowledge in one’s mind; whereas the collective process
emphasizes the interaction among team members Lavie and
Drori (2012). Information is the input to teams and new
knowledge output via the interactions among team members.
Collective information processing theory involves a prerequisite
assumption that task-relevant information is acquired and shared
among team members (De Dreu et al., 2008). In other words,
team members comprehend and process the new information
they have acquired from each other or the external world
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and form a new collective understanding of the real. Hence,
if all members are regarded as an information processing
agent, team knowledge creation can be further recognized as
a collective information process. We define team knowledge
creation as a process of collaborative group performance,
during which team members collectively amplify the knowledge
created by some individuals and crystallize it as part of the
knowledge system of the team (Nonaka et al., 1996; Mitchell
et al., 2009).

Team members interactions allow information transfer,
process and development into common cognitive at the team
level. Klein and Kozlowski (2000) elaborate two ideal modes of
the emerging of collective knowledge in team information
processing. The first one is composition. Composition
emphasizing the assumptions of isomorphism and treats, regards
team cognition as a convergence of similar cognitive properties
at the individual level. It describes the generating process of
new knowledge from the lower-level to the higher-level and the
consistency of individual knowledge and systematic cognition.
The second mode is compilation. Based on assumptions of
discontinuity, compilation describes the combination and
restructuring of differentiated knowledge during information
processing by emphasizing essential functions of differentiated
knowledge. Therefore, we suggest that these two information
processing processes supplement each other in team knowledge
creation. In particular, composition process emphasizes the
integration of homogeneous knowledge, thereby forming the
optimal solution, compilation process, which underlines the role
of heterogeneous knowledge, ensures that knowledge could be
extended.

HYPOTHESES

Effect of Tie Stability on Team

Knowledge Creation

We define tie stability as the proportions of team members
who maintain a long time cooperative relationship with others
(Huggins, 2010). The higher the tie stability is, the larger
the proportions of members who have maintained a long
time cooperative relationship with other team members. Tie
stability emphasizes the time aspect of the tie rather than the
frequency aspect. Some scholars find that stable relationships may
enhance the transfer of tacit knowledge and thus be beneficial
for knowledge creation (Ebadi and Utterback, 1984; Moran,
2005), while others argue that changes in cooperative relations
motivate a team to transform its conventional thinking, thereby
helping maintain knowledge heterogeneity and promoting team
members to generate novel ideas (Choi and Thompson, 2005).
Also, according to similar theory, if team members interact
with each other too long or too frequently, the information or
knowledge they possess will step toward a similar trend (Lewis
etal., 2007).

We believe tie stability is like a double-edged sword in that
it will change teams’ information processing modes. According
to the collective information processing theory, composition
process emphasizes the identical facet of knowledge, believing

homogeneity is the basis for the combination of heterogeneous
knowledge. By contrast, compilation process emphasizes the
heterogeneity aspect of knowledge, regarding the variety of
knowledge as the impetus for knowledge development and
deepening (Klein and Kozlowski, 2000). We assume that
team knowledge creation could not be realized only with
one of these two processes. Alternatively, only when the two
processes reach a balanced proportion can collective knowledge
creation be effectively promoted. The reason lies in that the
homogeneous aspects of knowledge provide convenience for
knowledge combination (Pinjani and Palvia, 2013), whereas,
the heterogeneous aspects of knowledge provide possibility for
knowledge expansion (Swan et al., 1999).

As mentioned previously, tie stability represents the
proportions of members who have maintained an enduring
cooperative relationship with other team members. If a team’s tie
stability is high, indicating that the team members interaction
with each other is frequent, this condition is beneficial for
knowledge combination within the team. However, too much
interaction among team members may lead to a similar
tendency of their knowledge and thinking (Huggins, 2010),
which may impede their knowledge expansion and further
harm team knowledge creation (Lewis et al., 2007). In other
words, tie stability may determine the information process
mode in the team, which in turn influences the team knowledge
creation. When tie stability is low, a context for developing
heterogeneous knowledge, will promote the information
processing mode of compilation. By contrast, when tie stability
is high, a context for developing homogeneous knowledge
(Huggins, 2010), will trigger the information processing mode of
composition. Therefore, if tie stability is moderate, compilation
and composition may reach a balance, this context will greatly
benefit to team knowledge creation. We propose the following
hypothesis:

Hypothesis 1: There is a U-shaped relationship between tie
stability and team knowledge creation. Specifically, moderate tie
stability benefits team knowledge creation, whereas lower and
higher tie stability result in poor performance in team knowledge
creation.

Structural Holes and Team Knowledge

Creation

The concept of the structural hole was established by Burt
(1992). It describes social networks where two or more
individuals build indirect connections by connecting to a
third party but no direct relationships exists between them.
Prior research suggests that structural hole brings many
advantages and conveniences to individuals who occupy the
position of structural holes. For instance, Burt (2004) points
out that individuals occupying structural holes can embrace
more opportunities of gaining information or resource from
others as they bridge two or more individuals. Frankort (2008)
notes that structural hole elevates individuals’ performance
and creativity as it reduces information redundancy and
provides people more opportunities to access heterogeneous
information. Nevertheless, with regards to team knowledge
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Steiner et al.

An Integrative Perspective on Coordination

Another example is the optimized distribution of team network
nodes, which improves passing opportunities for the members
of a team. In practice situations, interpersonal coordination
can be established through centralized monitoring by a coach
who provides external feedback in real time (Seiler, 2014). This
feedback can include upcoming play selections or adjustments
in location and timing (Eccles and Tran, 2012). During a
competition, however, interpersonal coordination is usually not
based on guidance by one central authority (e.g., the coach).
Distracting noises, distance and rule restrictions can prevent
teams from being directed by external feedback. In such cases,
more distributed or decentralized communication channels
become important (Pedersen and Cooke, 2006; LeCouteur
and Feo, 2011; Passos et al., 2011; Seiler, 2014). In the
competitive setting of many team sports, a high physical
workload and, most importantly, time constraints impede
communication-based action regulation via closed feedback
loops (Cannon-Bowers and Bowers, 2006). Understanding
how coordination can nonetheless be achieved in these
situations is important. However, the reciprocal and dynamic
relationship between the social and individual factors involved
in interpersonal coordinative processes make it obvious that
human interaction in social contexts is among the most
complex challenges to scientific understanding (Vallacher
and Nowak, 1997; see also Birrer and Seiler, 2008; Duch
et al., 2010; Carron et al, 2012; McEwan and Beauchamp,
2014).

Various perspectives and empirical approaches have emerged
with which to explain interpersonal coordination in team
sports. Two of these approaches are central to this article.
The first is the concept of shared mental models (e.g.,
Cannon-Bowers et al., 1993; Eccles and Tenenbaum, 2004;
Cannon-Bowers and Bowers, 2006). We refer to the second
approach as the ecological perspective. This perspective
highlights the importance of the information sources provided
by the environmental context within which a behavior is
performed (e.g., Araujo et al, 2006). This article begins
by outlining the general assumptions of both perspectives
and their associated criticisms. It then explains why both
offer indispensable information with which to understand
interpersonal coordination in sports teams and illustrates the
need for an integrative perspective. In our attempt to integrate
the central tenets of both these perspectives into a unified
view of interpersonal coordination in team sports, we borrow
from a theoretical outline of group action (Cranach et al,
1986). We elaborate on this theoretical outline to integrate a
third perspective. This perspective focuses on the cognitive
constructive organization of the situational game context.
We argue that this third perspective is necessary to explain
interpersonal coordination in situations for which no shared
mental models are established and task situations that remain
ambiguous in terms of perceived affordances. A basketball
game sequence illustrates the theoretical considerations in an
applied example. The article ends with concluding remarks and
the implications of the presented perspective for research and
applied practice.

Theories of Shared Mental Models

Theories involving concepts of shared mental models are
rooted in a social-cognitive framework (Eccles and Tenenbaum,
2004, 2007). They build on the key tenet that the organization
of individual and team behavior involves knowledge-based
mental models (Rentsch and Davenport, 2006; Aratjo and
Bourbousson, 2016). According to theories of shared mental
models, interpersonal coordination builds on individual
team members’ regulating their contributions based on inter-
individually shared ground. Sharedness, within this line of
research, has been referred to as the synergistic aggregation of
the team members’ mental functioning, especially in terms of
similarity and complementarity (Langan-Fox et al., 2004; see also
Levine et al., 1993; Klimoski and Mohammed, 1994; Hutchins,
1995; Cohen and Bailey, 1997; Mathieu et al., 2000; Cooke et al.,
2003; Reimer et al., 2006; Stanton et al., 2006; Ward and Eccles,
2006). The development of shared mental models is assumed to
improve team performance by enabling nonverbal interactions
and implicit coordination (Cannon-Bowers and Bowers, 2006;
Rico et al., 2008; Blickensderfer et al., 2010; Cooke et al., 2013).
Overt interaction between the various team members thus
becomes redundant.

We focus on two factors that are believed to be involved when
shared mental models facilitate interpersonal coordination. The
first is the feeding forward of behavioral instructions for defined
game situations (Eccles, 2010). Plans (Schank and Abelson, 1977)
have often been mentioned in this connection. In team sports,
macrolevel plans refer to overall team plans and strategies (Eccles
and Tenenbaum, 2007). Microlevel plans include more detailed
information about the individual operations required in given
situations. Plays in American football are prototypical of plans at
the microlevel of team operations (Eccles and Tenenbaum, 2007).
While microlevel plans further specify and confine behavior, they
too must be adapted to the characteristics of the situational game
context (Eccles and Tenenbaum, 2007; Macquet and Kragba,
2015; Gershgoren et al., 2016). We adopt the term “top-down”
to indicate that knowledge-based shared mental models feed
forward information that leads to interpersonal coordination.

In a questionnaire-based study investigating shared mental
models in ice hockey and handball teams, Giske et al. (2015)
found support for the existence of common attack patterns
specific to certain kinds of game constellations. Overall, however,
empirical sports studies using shared mental models remain
scarce (Gershgoren et al., 2013).

For team plans to feed forward behavioral instructions, they
must exist prior to the athletes’ involvement in specific game
situations. Because the situational game context is dynamic and
may often be unique in its configurational setting, pure reliance
on pre-existing and shared plans will not always be possible
(Araujo et al., 2006; Eccles and Tenenbaum, 2007; Cooke et al.,
2013; Silva et al., 2013). To account for this, theories of shared
mental models have posited more dynamic and implicit ways in
which multiple team members’ mental models can overlap in real
time (Eccles and Tenenbaum, 2004; Blickensderfer et al., 2010;
Eccles, 2010; Eccles and Tran, 2012). Athletes are believed to
use incidentally shared knowledge of probabilities to attribute
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situational informers to changes in task requirements and team
members’ reactions to these (Ward and Williams, 2003; Williams
and Ward, 2007; Eccles, 2010). The importance of multiple
athletes perceiving game situations and one another’s behaviors
in correct, anticipative and complementary ways is highlighted
(e.g., Reimer et al., 2006). Empirical support for the role of shared
knowledge in the implicit coordination in team sports has been
provided by Blickensderfer et al. (2010). These authors used the
degree to which teammates adjust their positioning with respect
to one another as an indicator of the teams’ implicit coordination.
They found that the degree of shared expectations of specific
doubles-partner responses was correlated with teams’ implicit
coordination during tennis matches.

Concerns have also been raised in regard to explaining
this kind of in-process coordination (Eccles and Tenenbaum,
2004) by means of shared mental models. Skepticism has
been expressed concerning the reduction of team coordination
processes to collective team member states (Bourbousson et al.,
2011; Gorman, 2014). Sharing a common perspective on specific
game situations is unlikely to occur due to differences in
knowledge, skill, history and position in physical space between
players (Cooke et al., 2013; see also Reimer et al, 2006;
Bourbousson et al., 2011, 2012; Macquet and Stanton, 2014).

The Ecological Perspective on Team

Coordination

The approaches that we have subsumed within the ecological
perspective share a focus on the environment in which team
members must coordinate their behavior. In a very general
sense, ecological perspectives stand in contrast with the idea of
team members selecting options from those stored in mental
models. Instead, ecological perspectives seek to show how
the environment contributes to the kinds of interactions that
occur between agents and their respective environments and to
understand the properties of the environment that affect action
and decision-making processes (Cutting, 1982; Greeno, 1994;
Aratjo et al., 2006; Aratjo and Davids, 2009; Fajen et al., 2009;
Vilar et al., 2012). We will adopt the term “bottom-up” to indicate
that information from the environment leads to interpersonal
coordination.

Gibson (1977) coined the ecological perspective by
introducing the concept of affordances. By definition, affordances
are opportunities to act that are directly perceivable in the
environment in the here and now. By building a dynamic
transactional system with their environment, athletes may
perceive the environments intrinsic meaning for behavior in
terms of the environment’s functional relationship to themselves
(Gibson, 1979; Aratjo et al., 2006). Because this is assumed not
to require cognitive mediation, the role of mental models is
subordinated (Gibson, 1977; see also Greeno, 1994; Aratjo et al.,
2006; Fajen et al., 2009).

The concept of affordances has been adopted to explain
interpersonal coordination in sports teams (Silva et al., 2013).
Here, the environment refers to the situational game context,
which continuously changes with the behavior of the team
members and their opponents. The situational game context thus

constantly lays out new temporary environments and constrains
the team members™ possibilities in terms of coordinating their
actions toward the achievement of performance goals from
moment to moment. For example, previous actions will impact
the options for moving on in the future. An inexact pass, a badly
chosen path on the playing field or inappropriate positioning
can all affect the options for action available at any given point
in time (Nitsch, 2009). The remaining options that afford ways
of approaching a team goal in common facilitate interpersonal
coordination in a bottom-up fashion (Aratjo et al., 2006). Thus,
affordances are highlighted as the organizing elements that
continuously provide information about how team members
can coordinate within the situational game context (Fajen et al.,
2009).

Empirical support for the role of the situational game context
in decision making during interactive team sports has been
provided by Correia et al. (2012). Using a simulated 3 vs. 3 rugby
task, they found that gaps opening in particular running channels
in the defensive line influenced the ball carriers’ decisions to pass
to either Team Member 1 or Team Member 2 or run with the
ball. In a study analysing passing behavior in real-world soccer
competitions, Steiner et al. (2017) found that passes were affected
by the team members’ positioning relative to the ball carrier,
the openness of passing lanes leading to team members and the
team members’ degree of defensive coverage by opposing players.
The findings indicate the athletes’ recurring use of the same
perceptual information to make passing decisions.

We should mention that the guiding role of the situational
game context has also been emphasized in conjunction with
perspectives that do not explicitly restrict the relationships
between agents and their social context to perceptual means
(e.g., Gorman, 2014; McNeese et al.,, 2016). According to such
perspectives, the causal mechanisms of team coordination lie in
the dynamic process of team interaction (Gorman, 2014). This
dynamic process may include reciprocal communicative acts
between team members.

If athletes perceive multiple affordances within a situational
game context, this situational game context remains ambiguous,
and behavior is virtually unconstrained by the perceived
affordances (Cutting, 1982). Ecological perspectives have been
criticized as being unclear about how specific affordances
for interpersonal coordination are selected from a multitude
of possibilities (Norman, 1999; Beek, 2009; Nitsch, 2009).
Furthermore, the observation of two performers coordinating
their behaviors with one another does not clarify what the
perceived affordance was for either performer or what
information constrained the link between them (Aradjo
and Bourbousson, 2016). To address these criticisms, it
has been proposed that the notion of people as agents in
ecological theories should not be reduced to the bare person-
environment relationship (Cutting, 1982; Nitsch, 2009).
Instead, the organizing principles of perception and situational
orientation should also be applied to the processes that operate
within the actors (Cutting, 1982; Greeno, 1994; Gobet, 1998;
Didierjean and Marmeche, 2005; Nitsch, 2009). For example,
rather than endorsing or rejecting the roles of cognition and
internal representations programmatically, Nitsch (2009) has
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called for specifying the conditions under which they might or
might not be useful. We will take up on this notion in Section
Elaborating on the Outline.

lllustrating the Need for an Integrative

Perspective

Lately, there has been a growing call for an integrative perspective
on interpersonal coordination. For example, McNeese et al.
(2016) state that individual and shared mental models are
important because not all actions in interdependent team sports
are directed by the environment. They argue for the necessity
of better integrating perspectives on shared mental models and
ecological perspectives to capitalize on the strengths of each in
the understanding of interpersonal coordination in sports teams.
Gorman (2014) states that a general theory of interpersonal
coordination should involve intention and knowledge on the
part of team members while also considering environmental
constraints as fundamental to interpersonal coordination (see
also Araujo et al., 2006; Pedersen and Cooke, 2006; Duarte et al.,
2012; Cooke et al., 2013).

To illustrate the need for an integrative perspective in the
context of team sports, one can recall how often strategies and
plans are discussed in practice sessions (Gershgoren et al., 2013;
Giske et al., 2015). Teams practice defensive behaviors, specific
strategic alignments in response to the opposing team’s behavior,
to near perfection. Offensive plays to be announced during
games are also rehearsed. This kind of pre-process coordination
(Eccles and Tenenbaum, 2004, 2007), which builds up shared
mental models, is so omnipresent in team sports that excluding it
from a theory of interpersonal coordination will certainly result
in painting an incomplete picture. Furthermore, it is common
practice to rehearse specific modules of coordinated team
plays, which can be flexibly adapted to many game situations.
So-called “give-and-goes” are an example from basketball. In
a give-and-go, an athlete passes (gives) the ball to a team
member. The athlete then immediately runs (goes) to a new
spot to offer himself as an opportunity to pass the ball again
(Eccles and Groth, 2007). In soccer, players practice dynamically
positioning themselves in a triangular alignment. This way,
passing opportunities for the ball carrier can constantly be
maintained (Giske et al., 2015; for further examples, see Eccles
and Tran Turner, 2014).

On the other hand, a theory of interpersonal coordination
must incorporate the fact that coordination always occurs within
specific and sometimes unpredictable game contexts. Hence, the
role of the information provided by that situational game context
is paramount. Sometimes, athletes who are perceptually attuned
to their team and game contexts may be able to perceive these
contexts directly by means of the acts they afford. For example,
Fajen et al. (2009) point out how an open passing lane to a
team member affords a pass to this team member. At the same
time, passing lanes that are well-defended by opposing players
perceivably constrain passes (Steiner et al., 2017).

In this article, interpersonal coordination that is directed
by shared mental models or enabled by the perception of
affordances frames our integrative perspective. We argue that

team coordination is also established in situations for which
shared mental models are not established and situations in
which athletes cognitively process the information provided by
the situational game context. Indications that such situations
do occur in the context of team sports can be seen in a line
of qualitative research involving interview techniques such as
video-stimulated recall (e.g., Seve et al., 2005; Poizat et al., 2009;
Bourbousson et al., 2010, 2011, 2012). Video recordings of team
behavior in natural settings and verbalizations during post-match
interviews are used to understand how individuals construct
meaning in game situations. These retrospective verbalizations
indicate that in mental models, sharedness is not always achieved
(e.g., Poizat et al, 2009; Bourbousson et al, 2011, 2012).
They further indicate that athletes take into account multiple
situational factors, mobilize prior knowledge and combine these
to construct new knowledge about the situational game context
(Seéve et al., 2005; Poizat et al., 2009; Bourbousson et al., 2011).
In the following sections, we will develop an integrative
perspective on interpersonal coordination in interactive team
sports. This integrative perspective has no intention of altering
or criticizing existing theories. Instead, team coordination
exclusively directed by shared mental models, as opposed to
that exclusively directed by the perception of affordances, will
serve as the theoretical poles of the integrative work. In Section
A Theoretical Outline of Group Action, we summarize the
theoretical outline of group action by Cranach et al. (1986),
which serves as a framework for our integrative perspective. The
outline views group action as both directed by team plans and
reactive to the situational game context. Thus, both top-down
and bottom-up processes play important roles in the regulation of
team behavior. In Section Elaborating on the Outline, we further
elaborate on Cranach et al’s outline (1986) and explain how
interpersonal coordination can be established in situations that
do not fit either of the theoretical poles. Following Nitsch’s (2009)
call, we have considered the ways in which information from
the situational game context can contribute to the emergence
of interpersonally coordinated behavior in ways that go beyond
the information’s most direct link to agents via the perception
system. The roles of mental models in the subjective organization
of situational opportunities to co-act will therefore be discussed.

A THEORETICAL OUTLINE OF GROUP
ACTION

Cranach et al. (1986) consider teams to be self-active systems that
actively direct their behavior toward certain ends. The impact
of external factors (e.g., through the perception of situation-
specific information) is considered an integral part of directed
behavior. However, team action is not affected only by external
information. It is also instantaneously guided by internally stored
information (e.g., cognitively represented team plans). Thus,
perceptual and cognitive processes are both involved in the
system’s monitoring of external contexts and the steering of
behavior.

Cranach et al. (1986) argue that because it is based on
individual goal-directed behavior, team action possesses the
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same characteristics as individual action but is complemented
by additional features that stem from its social nature. These
additional features are communicative and cooperative processes
that become possible and necessary through the involvement of
multiple persons. Cranach et al.’s theoretical outline of group
action is built on four central components: the structure of
the task, the structure of the team, the information-processing
structure and the action execution.

The structure of the task and the structure of the team
are essential in defining the conditional framework for team
efficiency. For optimal performance, team and task structures
must be in accord with one another. Cranach et al. (1986)
define a task as a social demand that requires an actor to
act. For the most part, tasks are closely related to specific
ecological settings (e.g., a specific game situation). Insofar as
the task contains detailed information about goals and plans,
Cranach et al. speak of a task structure. By this definition,
task structures are not determined simply by the information
available in specific game situations. Instead, the information
available in the situational game context is complemented
with internalized scenarios, e.g., mental models that include
goals and goal-directed plans that are viable means of task
performance.

Team structures, on the other hand, are associated with
the formation of a team, including the assignment of all team
members to specific task-relevant functions and the relationships
between team members during their involvement in a single
interactive task. In some sports (e.g., sailing), the team structure is
clear because the team members’ roles are distinctly attributable
to a set of predefined subtasks. In most interactive sports,
however, general role assignments do not predefine specific
functions in all situations down to the last detail. Instead, the
required functions must be specified in relation to the constraints
of situational game contexts, which often appear at short notice.
Thus, team members must adapt their behavior according to the
current task structures.

The information processing structure, the third component of
the model, describes the processes underlying the team members’
adaptation to changing task structures. Team-action-related
information processing takes place at both the individual and
team levels. On the level of individual team members, the theory
considers cognitive information processing, which is viewed as
a unique instrument for the mental guidance of goal-directed
action.

Communicative processes complement cognitive information
processing in individuals. Cranach et al. (1986) refer to this
as information processing at the team level. Commands and
assisting calls represent the flow of information between team
members!. Moreover, the communication of an individual
perception can affect the situational orientation of the team?.
Cranach et al. also note that communication enables teams to
learn action schemata for future acts. This exactly corresponds

Note the similarity to Cooke et al’s (2013) conceptualization of interactive team
cognition.

2Note the similarity to the concept of shared situation awareness (e.g., Macquet,
2016).

to the kind of pre-process coordination referred to by Eccles and
Tenenbaum (2004, 2007).

The model’s fourth component is action execution. Team
behavior consists of individual acts and social execution.
Appropriately executed and mutually coordinated individual acts
allow interpersonal coordination to emerge at the team level.
Cranach et al. (1986) argue that individual action is organized
along three dimensions: hierarchy, sequence and complexity.
While the authors explain the dimensions’ relevance to individual
acts, we will later illustrate how the same dimensions can
be considered as organizing dimensions of interpersonally
coordinated team behavior.

Finally, Cranach et al. (1986) argue that groups often perform
within equifinal task situations (Heider, 1958). Equifinality refers
to the fact that the completion of complex team tasks is
usually not restricted to one unique solution. Instead, many
potential paths conceivably allow attaining the same goal (see also
Oesterreich, 1981). This flexibility can be advantageous because it
enables teams to approach given requirements in light of existing
team abilities. On the downside, equifinality complicates the
emergence of interpersonal coordination because it increases the
degrees of freedom. Furthermore, the behavior of opposing teams
becomes more unpredictable.

ELABORATING ON THE OUTLINE

To elaborate on our view of the involvement of internal
information in the subjective construction and organization
of the information provided by the situational game context,
we adapt and extend Cranach et al’s (1986) ideas. We will
discuss two factors we consider central in regard to this internal
information: organizational rules and the contents of mental
models.

Organizational Rules
In order to explain how situational opportunities for
interpersonally coordinated team behavior are established
through a team member’s interaction with a situational
game context, we adopt Cranach et al’s (1986) notion of
the three-dimensional organization of action and apply it to
the organization of interpersonally coordinated team action.
Because it is directed toward the attainment of primary team
goals, individual behavior requires reactive adjustment to the
situational game context and constant (re-)organization along
hierarchical, sequential and complex dimensions. While all
three dimensions of action organization supposedly act in
combination, we will briefly explain their features separately.
The hierarchical aspect of team action organization refers to
monitoring a situation’s functional relationship to the attainment
of the primary goals that are currently directing behavior. From
an athlete’s point of view, this includes determining a situation’s
offerings in regard to the highest task goals, which provide the
athlete’s directional perspective (Aratjo et al., 2006; see also
Klein et al., 2007; Nitsch, 2009). In team sports, this directional
perspective is set out by the general rules of the specific sport.
If the main objective is to score more points than the opposing
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team, then scoring points and preventing opponents from doing
so define the two goals that direct behavior at the highest level
of the hierarchy. The team must adopt a structure (e.g., assign
functions to team members) and perform behaviors that are
optimally suited to attaining these goals.

During task performance, the situational constraints
organized by the opposing team may block instant paths to the
primary goal of scoring. Consequently, situational game contexts
must be monitored concerning the sequentially and complexly
organized goal approximations they allow. Preparatory steps,
such as bringing the ball to a shooting position nearer to the
target, become necessary (Oesterreich, 1981). These preparatory
steps give rise to subgoals at lower levels of the hierarchy.
Subgoals are abandoned when achieved and then replaced by
those that follow in the sequential alignment toward higher-order
goals (Wilensky, 1983). If the situational game context changes in
a way that enables a more direct path to higher-order goals, then
temporary subgoals may be abandoned before they have been
reached (Oesterreich, 1981). The relationship between lower-
and higher-level goals determines the hierarchical-sequential
organization of team behavior (Volpert, 1982; Cranach et al,
1986; Marks et al., 2001; see also Hacker, 2005).

The dimension of complexity complements the goal-directed
organization of team behavior. We extend Cranach et al’s
(1985, 1986) use of the term (they use it to describe multiple
simultaneously performed acts of a single individual, e.g., moving
one’s head and feet) and use it to refer to the simultaneous
behavior of multiple team members (see also Marks et al., 2001).
The dimension of complexity in organizing team action refers
to perceiving or creating opportunities to co-act with others.
Simply put, it is relevant in relation to the question, “Can I
attain a current action goal by myself?” When the answer is
no, this dimension of action organization becomes relevant. Let
us assume a team is in possession of the ball and striving to
position itself to attempt to shoot. The ball carrier brings the
ball down the wing. He monitors the situation for potential
pass receivers because he plans to play a cross to bring the ball
closer to the goal. At the same time, some players are running to
position themselves in the box. They have seen the ball carrier
and anticipate an opportunity to complement his efforts. This
must occur simultaneously with the person who has the ball
looking for a position from which he can play a cross-court pass.
Another example is a through ball, in which case the intended
receiver of a pass should be underway by the time the ball is
kicked to the future point of reception.

We argue that the monitoring of the situational game context
in regard to these three dimensions is part of a subjective,
constructive process that enables interpersonally coordinated
team behavior in situations with no shared mental models and
no or no unambiguous affordances.

Mental Representations in the
Specification of Situational Context

When monitoring the situational game context, athletes may
need to rely on mental models (internal information). Numerous
examples of mental models assumed to be relevant in the

domain of team sports have been provided: plans and patterns
of coordination (Eccles and Tenenbaum, 2004, 2007; Macquet,
2009; Macquet and Kragba, 2015), specific behavioral programs,
scripts (Schank and Abelson, 1977), and mental models about
other team members (Annett, 1996; Rentsch and Davenport,
2006; Gershgoren et al., 2013), to name only a few (Rouse et al.,
1992; Reimer et al., 2006; see also Eccles and Groth, 2007).

To illustrate the contribution of mental models to the
monitoring of the situational game context and the subjective
construction of opportunities to act, we will consider mental
models about other team members. Such mental models have
been defined as consisting of, among other things, knowledge
about the specific strengths and weaknesses of other team
members (Annett, 1996; Reimer et al., 2006; Rentsch and
Davenport, 2006; Gershgoren et al, 2013). In team sports,
team members are part of the situational game context and
represent perceivable external information. An athlete’s mental
models, MEMBER A and MEMBER B, of her Team Members
A and B enable the inclusion of additional information in
the situational game context. The mental models themselves
need not include other situational factors. While such mental
models are restricted in terms of content, they are useful in
various game contexts because they are flexibly transferable
to various situations and can be combined with other mental
models (Macquet, 2009; Macquet and Kragba, 2015). If the
mental model MEMBER A includes information about the
excellent technical skills of Team Member A, then Team Member
A will be considered a potential pass receiver in numerous
game situations (Johnson, 2006). Team Member A’ status as a
potential passing opportunity is thus characterized by a certain
level of stability. However, this status is not a permanent
attribute of Team Member A. Instead, it also depends on other
situational features. If Team Member A is being defended well,
the extent to which she represents a passing opportunity requires
reappraisal, considering both her abilities (included in MEMBER
A) and her current defensive coverage (information provided
by the situational game context). In combination, these various
sources of information determine a team member’s current
state as a passing opportunity. According to representational
theories of the mind, team members can combine a large but
finite number of mental models in numerous ways to create
increasingly complex mental models (Margolis and Laurence,
2007). Similarly, we propose that mental models can be combined
with external information sources in numerous ways to specify
the constraints and opportunities within increasingly complex
game contexts. Thus, opportunities to act may be detectable
because of the highly elaborate mental model that agents hold of
the current situational game context (e.g., a specified team plan
to be followed in the given situation). However, athletes may also
detect opportunities to act when localizing specific information
sources that appear as subcomponents of a complex situational
game context (e.g., a team member standing open).

Referring to the great importance Cranach et al. (1986)
placed on the above-mentioned structures in understanding
interpersonally coordinated team behavior, Seiler (2014)
categorizes mental models according to their relatedness to task
structure(s), team structure(s), intrateam communication and
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cooperation. In our example, we will adopt this proposal. We
want to stress that the content assigned to one of these four
structures is not always clear-cut and that the categories are by
no means terminal.

Mental models that relate to task structure can include the
macro-environment of a specific sport. This term refers to the
general framework provided by the rules of the sport (Kaminski,
2009). Athletes must constrain their actions to this specific
framework. Mental models that are linked to individual and
role-specific tasks have much in common with the concept of
taskwork knowledge (McIntyre and Salas, 1995).

Mental models that relate to group structure may include the
positioning and strategic alignment of team members, formal
role assignments, roles that are established by means of team
members’ task-relevant strengths and weaknesses and informal
roles (e.g., Annett, 1996; Eccles and Tenenbaum, 2004; Rentsch
and Davenport, 2006; Gershgoren et al., 2013).

Mental models related to team communication may refer to
communicative signs that announce specific plays. They may also
include hand signals indicating a player’s availability to receive
a pass. Teams often use dedicated signs to inform one another
about planned moves (Eccles, 2010; Macquet and Kragba, 2015).
Because communication in interactive team sports is often visible
to all, attempts to conceal information from the opponent include
special communication systems and signs. Team members with a
common history in sports may have developed mental models
of one another’s behavioral idiosyncrasies. This helps players
to “read” their team members by using nonverbal channels of
communication (e.g., Eccles and Tenenbaum, 2004).

Mental models related to interpersonal coordination have
much in common with the concept of teamwork knowledge
(McIntyre and Salas, 1995; Bowers et al, 1997; Eccles and
Tenenbaum, 2004). These models include information about
how the actions of multiple individuals can be successfully
integrated to produce group-level performance. Overall team
tactics, game plans and scripts for specific situational game
contexts are examples of this (Rentsch and Davenport, 2006).
These models can also refer to plans with various levels of detail
(Eccles and Tenenbaum, 2007). They may be taught explicitly
(e.g., through coaching) or developed based on experience in real
game situations (Annett, 1996; Eccles, 2010).

AN EXAMPLE FROM BASKETBALL

Figure 1 exemplifies the involvement of mental models in
the subjective specification of the situational game context.
The scenes present an offensive situation in basketball. They
include three chronologically ordered frames that illustrate
the evolving game. The three frames highlighted in gray
illustrate the game situation as it objectively presents itself
to the observer. The figure further includes four levels that
indicate the mental models involved in the constructive
organization of the situational game context. These levels
refer to mental models of the task structure, team structure,
communication and coordination. The example illustrates how
such models could be involved in specifying information from

the situational game context and organizing the situation
to reveal opportunities for interpersonally coordinated team
behavior. It further shows how situation-related mental models
(internal information) and perceptual or communicational
(external) information can be integrated according to the
hierarchical, sequential and complex dimensions of action
organization.

In the initial frame, all athletes have taken their positions, as
defined by the team’s formation (this refers to the feed-forward
function of shared mental models). The offensive team is shown
in black, and the defense is shown in white. In basketball, the
primary goal of the team in possession of the ball is to score
baskets (a). All team members share this group goal and use it
to direct their behavior on a global level (e.g., Reimer et al., 2006;
Wieber et al., 2012). The point guard (Black #1) is in possession
of the ball. Situational constraints prevent him from attaining the
primary task goal directly. Often, these constraints are created
by opponents who attempt to neutralize the goal-directed efforts
of their adversaries. In the current example, the tight defense
created by the guard’s direct opponent (White #1) does not allow
a promising attempt at a long-distance shot. Moreover, three
other opponents (White #2, #3, #4) are ready to back up Defender
1 if the point guard attempts to get past him and penetrate into
the zone (b). Preparatory steps are required to approximate the
hierarchically higher goal sequentially. The team’s behavior is
directed toward scoring a basket, but in this case, it is adapted
to the situational constraints and (re-)organized in a hierarchic
and sequential order.

Guided by the newly adopted approximation goal of preparing
a shooting possibility for the team, the situation offers the
guard three options in terms of passing the ball to a team
member (c, d and e). All three options could potentially lead to
scoring a basket. This indicates the task situation’s equifinality.
In choosing one option, mental models about the other team
players come into play (f and g). The point guard knows that
both the shooting guard (Black #2) and the small forward (Black
#3) have high field goal percentage from behind the three-
point line. Based on his knowledge about his team members,
no option emerges as being superior to the other. Passing
the ball to either of them will enable an equally good goal
approximation. The shooting guard’s defender (White #2) is
located at the high post. This leaves enough room for a direct
pass to the shooting guard. The shooting guards skills, in
combination with the loose defense of his opponent, become
integrated into a contextual opportunity to pass him the ball.
Simultaneously, the center (Black #5) takes his position and
calls for the ball by raising his arm (h). Passing the ball to the
center directly is not an option, because of the long distance
involved, combined with a bad passing angle. Instead, delivering
the ball to the center via the shooting guard is more favorable.
In the current situation, the right side of the playing field offers
the point guard better options to act in a goal-directed manner
(iandj).

In the second frame, the point guard directs his behavior
toward moving the ball to the right side. The shooting guard does
not reciprocate the point guard’s eye contact (k). This perceptual
information warns the point guard that a pass might reach the
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shooting guard unexpectedly and thus be risky (e.g., Macquet
and Kragba, 2015). Hence, the point guard starts to dribble the
ball toward the shooting guard (k). The point guard’s defender
(White #1) follows closely and still does not allow the shooting
guard to shoot the ball or penetrate into the zone. As in the first
frame, the search for indirect paths to the primary goal remains
necessary. The actions and reactions of the various players cause
local changes in the task constraints. As the guard moves toward
the right side of the playing field, the defenders of the shooting
guard and the center (White #2 and #5, respectively) decrease
their distances from their direct opponents. They do so to make
passes from the point guard to their directly opposing players
more difficult. As a consequence, the previous opportunities to
pass (i and j) become less likely to lead to achieving the task
goal. Meanwhile, the power forward (Black #4) has set a screen
(m) for the athlete defending the small forward (White #3). This
screen is not part of a predefined play calling for specific action
by the whole team. However, it is a behavior module that can be
flexibly adapted to many game situations. Once initiated, those
who perceive it understand the steps of the behavior module.
The small forward (Black #3) has recognized the opportunity
created and taken it to put some distance between himself and
his defender. He runs away from the zone to take a position
behind the three-point line. He signals his readiness to receive
the ball by putting out his hands toward the point guard (n).

The point guard perceives the open team member as a passing
affordance (o).

In the third frame, the point guard plays the corresponding
pass (p). Immediately after receiving the ball, the small forward
(Black #3) takes a jump shot (q). As the ball leaves the small
forward’s hands, a task transition begins. For a short time, the
team task is undefined at the level of the primary task goal.
If the ball falls into the basket, the primary task goal changes
from scoring a basket to preventing the opponents from scoring
a basket. If, however, the attempt is not successful, then there
may be a chance to regain possession of the ball via offensive
rebounding. By calling out that his shot will be off-target (r),
the small forward informs his teammates that there will be an
opportunity for an offensive rebound. The team’s predetermined,
shared strategy mandates that both the power forward (Black #4)
and the center (Black #5) go for the offensive rebound (s), while
the guard and the small forward will run back up the floor to
prevent a fast break (t).

This three-frame sequence depicts a short excerpt of a
basketball game. It illustrates how mental models shared by the
entire team feed forward into behavioral guidelines; this refers
to a top-down process. At the same time, it illustrates how
information from the situational game context is used to detect
opportunities to carry out specific behaviors and thus help to
regulate and coordinate team behavior in the process. The pass
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from the point guard to the open small forward (o) was triggered
by the perception of a passing affordance; this is a bottom-up
process. The sequence further illustrates how mental models
(internal information), in interaction with (external) information
sources, enable the assignment of subjective meanings to the
situational game context in a modular and constructive manner.

The involvement of mental models in specifying subjective
opportunities to (inter)act has primarily been illustrated from the
perspective of the point guard (Black #1) and the small forward
(Black #3). We suppose that the same process of subjectively
specifying a situational game context takes place for all team
members. According to this view, interpersonal coordination is
enabled when multiple subjective perspectives on the situational
game context are constructed congruently, complementarily
or reactively (e.g., Eccles and Tenenbaum, 2004; Rentsch and
Davenport, 2006; Bourbousson et al., 2011). An example of
congruency is the common adoption of the same goals or
subgoals, which provides overall direction for personal behavior.
An example of reactive complementarity can be seen in the small
forward taking advantage of the screen the power forward has
set. He reacts to the overt behavior of his team member, which
signals the initiation of a specific module of a coordinated team
play (give-and-go), and adapts his own behavior to it (Macquet
and Kragba, 2015).

In the chosen example, the point guard and small forward do
not share the same plans to guide their behavior from Frame
1 through Frame 3. While the entire team shares the same
primary goal, the pass from the point guard to the small forward
is an example of team coordination being established locally,
without the entire team sharing a mental model of the current
game situation (see Bourbousson et al., 2012). The situation
is characteristically different after the shooting attempt. Now,
all team members adapt their behavior to a shared mental
plan because everyone assumes their roles as defined by the
game strategy for this kind of situation. This example illustrates
interpersonal coordination as it is based on the goal-directed
adaptation of multiple individuals to situational game contexts.
It exemplifies how top-down, bottom-up, and constructivist
regulation mechanisms are all involved in this process.

CONCLUDING REMARKS

Interpersonal coordination in interactive sports is a complex
phenomenon. Several streams of research approach it from
different perspectives. The present article builds on the important
contributions some of these approaches have made and aims
to integrate and position them within a theoretical framework.
This framework borrows from the theoretical outline of group
action proposed by Cranach et al. (1986). According to this
outline, group behavior regulated by shared team plans is an
example of team behavior being directed from the top down
via a team-level construct. Team behavior that emerges from
athletes perceiving situational affordances is an example of how
group behavior is reactive to the situational game context and is
thus regulated from the bottom up. We extend the framework
by integrating a perspective on the subjective construction of

the situational game context. This constructivist perspective
accounts for interpersonal coordination as it may be established
in novel situations, for which teams do not share mental models.
It further accounts for interpersonal coordination in situations
with multiple perceived affordances or situations to which
athletes are not sufficiently attuned in order to act based on
perceived affordances. We argue that under such circumstances,
opportunities for interpersonally coordinated team behavior are
constructed based on the hierarchical, sequential and complex
dimensions of group action organization. We further illustrate
how mental models may be involved in this constructive process.
For illustrative purposes, we have categorized mental models
according to the four structures presented by Cranach et al.
(1986). This categorization’s primary purpose is to delineate the
dynamic integration of multiple mental models as they connect
with a given game situation. We want to stress that the categories
are exemplary. Finally, an example illustrates how top-down,
bottom-up and constructivist processes may simultaneously
enable interpersonal coordination.

The integrative perspective’s primary implication for research
is that a search for the one regulation mechanism in the
coordination of sports teams is not productive. It argues
for following various approaches to better understand the
coordination of interpersonal behavior. Provided that multiple
mechanisms are involved in enabling interpersonal coordination,
one general implication for research is the need to understand
in what situations and to what degree they are involved. Hence,
designs that estimate the mechanisms’ relative contributions to
interpersonal coordination in various game contexts are needed.

In our basketball example, the point guard’s consideration to
pass the ball to the shooting guard is based on both information
provided by the situational game context (the shooting guard
standing open) and his mental model of the shooting guard’s
shooting skills. When studying basketballers’ real-world behavior,
every team member without the ball (all representing potential
passing opportunities) can be described by his relative position
on the playing field. Perceptual information as available from the
subjective perspective of the ball carrier can be quantified (e.g.,
Steiner and Kunz, 2017). Furthermore, each team member can be
assigned values that indicate aspects of the ball carrier’s mental
models about these particular team members. For example, a
high value could indicate that the ball carrier’s mental model of
this team members is one of a highly skilled shooter. Finally,
each team member can be described in terms of the passing
priority he is given by a team’s playing strategy for this kind of
situation. Coding passes dichotomously (the player receiving the
balls is coded “1,” and all disregarded team members are coded
“0”), the effects of the variables representing the information
provided by the situational game context, mental models about
other team members and shared team strategies can be estimated
using logistic regression analyses (e.g., Steiner and Kunz, 2017).

Similar tests could be conducted using experimental designs.
In virtual reality settings, the space available to the shooting guard
can be manipulated (e.g., Correia et al., 2012). The skill-level of
the player in the shooting guard position can be manipulated by
showing team members with different levels of shooting ability.
Finally, this manipulation can be performed in situations for
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which teams do and do not have predefined team strategies. Using
three gradations for both available space and shooting skills, the
experimental manipulation results in a 3 x 3 x 2 design to test
the relative effects of available space (information provided by the
situational game context), shooting skills (mental models about
other team members) and shared team strategies.

Based on our integrative perspective, we hypothesize that
passing decisions are affected by the spatial properties of
the situational game context, athletes’ mental models of team
members and shared team plans. Testing each effect in isolation,
we thus expect to find higher probabilities for passes to spatially
less constrained team members, higher probabilities for passes
to team members who are mentally represented as having better
shooting skills, and higher probabilities for passes that are in
accord with pre-defined team plans. When testing the effects
simultaneously, we would, for example, expect larger effects on
the part of spatial constraints on passing decisions when no
team plans are available than when team plans are available.
Furthermore, we expect that the effect of prioritizing passes to
more-skilled team members will decrease as passes to more-
skilled members become spatially constrained.

With regard to practical applications, the integrative
perspective implies that there are multiple paths to interpersonal
coordination. According to the provided perspective, shared
team plans and strategies are an important pillar of interpersonal
coordination. Coaches should enable this kind of pre-process
coordination. The fact that it will not be possible to pre-define
shared team plans for every kind of situation encountered does
not lower their importance in all those situations for which
they can be established. A second implication is that coaches
should tell their athletes that there will be situations for which
no pre-defined team plans are available. Preparing athletes for
this kind of unpreparedness could include instructing them to
look for the specific opportunities available in given situations
(rather than losing time attempting to remember a non-existent
plan). A third implication is the need to clearly communicate
team goals. According to the organizing rules discussed, primary
goals help athletes integrate the available information sources to
make sense of the situational game context. Clarifying team goals
enables a common denominator in this subjective organization
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Resilience has been recognized as an important phenomenon for understanding how
individuals overcome difficult situations. However, it is not only individuals who face
difficulties; it is not uncommon for teams to experience adversity. When they do, they
must be able to overcome these challenges without performance decrements.This
manuscript represents a theoretical model that might be helpful in conceptualizing
this important construct. Specifically, it describes team resilience as a second-order
emergent state. We also include research propositions that follow from the model.

Keywords: team performance, resilience (psychology), stress, psychological, team processes, team training

INTRODUCTION

In 1914, Sir Ernest Shackleton and his team set out from Plymouth, England on a quest to walk
across the Antarctic continent. The goal was to be the first person to successfully cross the 1,500
miles of frozen tundra. Upon stopping at a whaling station as they set out on their quest, the team
found itself stuck on ice. They spent nearly 11 months by the ice-bound ship, until the ice crushed it,
eventually causing it to sink. After spending a week rowing in lifeboats, the team arrived at Elephant
Island. The small island offered no protection or resources. Shackelton strategized, and devised a
small subset of his team members to travel 800 miles back to the whaling station they previously
left in order to seek help. After rowing for 17 days, they arrived, only to realize they were on the
wrong side of the island. Approximately 22 miles of ice and mountains stood them and the whaling
station. However, they managed to make it to their destination in 36 h. Given the ice and storms,
it took Shackleton nearly 3 months to rescue the remaining men on Elephant Island. More than 2
years after leaving Plymouth port, all of the men had finally returned. The story of Shackleton story
is so compelling due to the resilience he and his team members displayed. While it took more than
2 years, everyone returned home safely due to the resilience displayed by Shackleton and his team.

WHY IS TEAM RESILIENCE IMPORTANT?

Resilience has been recognized as an important phenomenon for understanding how individuals
overcome difficult situations (Masten and Osofsky, 2010). However, it is not only individuals
who face difficulties; it is not uncommon for teams to experience adversity. When they do, they
must be able to overcome these challenges without performance decrements. Indeed, research
has identified a multitude of stressors that teams often face, including: poor interaction quality,
poor communication channels, lack of back-up behavior, and negative organizational culture.
While these stressors have been identified, the exploration of how teams can utilize their collective
resources to overcome them has been largely overlooked. However, focus on resilience has recently
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grown, as researchers attempt to identify how teams and groups
positively adapt to adversity (West et al., 2009; Bennett et al.,
2010; Morgan et al.,, 2013, 2015; Alliger et al., 2015). It appears
as though team resilience is a critical team level capacity that
facilitates the rebound of teams after an adverse event. In light
of this definition of resilience as a capacity, resilience can be seen
as a buildable capacity. Teams that thrive, rebound, or positively
adapt to adversity are more unlikely to experience the deleterious
effects of challenging situations.

DEFINITIONS OF RESILIENCE

The term resilience comes from the Latin word “resiliere;
which means to “bounce back”; it typically refers to the ability
to recover or rebound after a setback (Fletcher and Sarkar,
2012). Indeed, the concept of resilience has been deemed
an important phenomenon for understanding how successful
adaptation occurs following an unanticipated—often negative—
event (Wright and Masten, 2015). Interest in studying resilience
as a coping or adaptation mechanism has increased rapidly over
the last 20 years, and is considered across a variety of contexts,
such as communities (Brennan, 2008), teams (Pollock et al.,
2003), education (Gu and Day, 2007), organizations (Riolli and
Savicki, 2003), military (Palmer, 2008), and athletic performance
(Galli and Vealey, 2008).

As interest in resilience rises, a number of definitions and
conceptualizations have been put forth in the literature. Not
surprisingly, one of the primary shortcomings of previous
resilience research is the wide discrepancy regarding its
definition and conceptualization (Fletcher and Sarkar, 2012).
More specifically, resilience has been referred to sometimes as
a trait, other times as a process, and yet other times as an
outcome. Davydov et al. (2010) assert that these discrepancies
and definitional confusion have hindered the evaluation and
validity of resilience research findings. To complicate matters
further, resilience has been studied at different levels of analysis.
Traditionally, resilience has been used to refer to individuals, but
more recently has been applied to teams and organizations. The
sections that follow define resilience as it has been used at these
various levels.

RESILIENCE AS A PROCESS

Resilience researchers have shifted to examining resilience as
a dynamic process, rather than an enduring trait. As a fluid
process, some have proposed that resilience gradually develops
over time, through interactions between the individual and the
environment (Egeland et al,, 1993). Most scholars agree that
within the process, there is a complex interaction of multiple
factors that determines whether resilience is demonstrated.

In line with the notion of resilience as a process, Galli and
Vealey (2008) found that a significant facet is agitation, a process
in which unpleasant emotions or mental struggles are countered
through various coping strategies. Notably, positive adaptation
occurs gradually, and requires frequent shifts of thought. These
findings can be nested within the context of contemporary

stress and emotion theory, which suggests that individuals
construe relational meanings based on their interactions in a
given environment (Lazarus, 1998). Similarly, a recent theoretical
model offering insight into resilience is the “Meta-Model of
Stress, Emotions, and Performance” (Richardson, 2002). The
model suggests that suggests that stressors are created in
the environment, become mediated by perception, appraisal,
attribution, and coping, and finally, result in adaptive or
maladaptive stress responses. The relationship between these
processes and responses are further moderated by situational and
individual level characteristics, including self-esteem, positive
affect, and self-efficacy (Schaubroeck et al., 1992; Ganster and
Schaubroeck, 1995; Schaubroeck and Merritt, 1997). These
characteristics affect stress processes at several points, including
stressor appraisal, meta-cognition in response to affect, and
coping strategy selection.

Other researchers have also emphasized the role of stressors in
the development of team resilience. For example, Meneghel et al.
(2016) emphasize the role of job demands in the development of
team resilience. However, their data indicate that there is a more
complex relationship between job demands, resources, resilience,
and performance than one might expect. More specifically,
job demands may induce stress and thereby hamper positive
emotions, thereby decreasing team resilience. However, when job
demands do not place too much workload on team members, this
may lead to a sense of accomplishment, thereby inducing positive
emotion and the facilitation of resilience.

In his work, Richardson (2002) defines resilience as “the
process of coping with stressors, adversity, change or opportunity
in a manner that results in the identification, fortification, and
enrichment of resilient qualities or protective factors” (p. 308).
According to the theory, the process of resilience begins at the
state of “biopsychospiritual homeostasis” (i.e., a comfort zone),
in which an individual is physically, mentally, and spiritually
in balance. This state is disrupted if an individual does not
have sufficient protective factors to buffer strains, stresses,
or adverse events. Over time, an individual will adjust and
begin the process of reintegration. The reintegration process
results in one of four outcomes: (1) resilient reintegration
(additional protective factors are attained or strengthened,
and homeostasis is once again achieved) (2) homeostatic
reintegration (an individual remains in homeostasis, just “getting
past” the situation), (3) reintegration with loss (protective factors
are lost, and a lower level of homeostasis is achieved), or
(4) dysfunctional reintegration (individuals resort to destructive
behaviors) (Richardson, 2002).

Morgan and his colleagues point out that team resilience also
has elements of a developmental process (Morgan et al., 2015).
They conducted a narrative analysis of world-class rugby players.
The results of this analysis suggest that team resilience might be
developed during different phases of the team’s development. For
example, early development of resilience might be characterized
by behaviors designed to increase collective efficacy. However,
more mature teams focused on dealing with failures.

As previously noted, the notion of resilience as a process has
also been well-developed at the organizational level. According
to this body of work, resilient organizations treat deviations
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from boundary conditions indicators of overall system health.
Resilient organizations behave as high reliability organizations
(HROs). These organizations overcome adversity with few to
no errors due to their “intelligent wariness” (Reason, 2000)
and a “preoccupation with failure” (Weick and Sutcliffe, 2006).
Resilient organizations intentionally test their risk assumptions
and assumptions regarding overall system health (Weick and
Sutcliffe, 2006). Furthermore, highly resilient organizations
empower their employees to speak up to report errors or
conditions that could foster errors. These organizations recognize
that speaking up is critical, even if production is halted to mitigate
a foreseeable potential error. Moreover, resilient organizations
believe they have the capability to cope with a plethora of
stressors, and continuously strive to strengthen their resources
to do so. Therefore, resilient organizations acknowledge that
they are imperfect, but believe they can grow by learning
from near events and actual events (Woods, 2006). While this
work has been conducted at the organizational (rather than
team) level, given that this is the most well-developed area of
resilience research, we believe this work can be translated into
lessons for building team resilience. For example, given that
resilient organizations encourage speaking up to report errors
and are capable of handling high amounts of stress, incorporating
techniques to encourage communication and cope with stress
into team training may be key to facilitating resilience at the team
level.

Resilience also requires practices that facilitate competence,
and encourage growth to buffer against jolts and strains
(Vogus and Sutcliffe, 2007). Such capabilities facilitate resilience
by expanding informational inputs, creating flexibility, and
reconfiguring resources. Teams have the ability to continuously
grow and refine their capabilities, which in turns allow them
to have greater predictive abilities, remain flexible, and buffer
the detrimental effects typically associated with unexpected or
negative events.

The resilience mechanisms outlined above result from and
encourage a unique way of “seeing.” Organizations that are
resilient are more likely to be composed of teams that are
capable of elucidating weak signals through the monitoring of
current operations. As such, these teams are better equipped to
identify weak signals because of their highly developed response
capabilities, which allow them to respond more adaptively to a
great array of events. Moreover, given their superior information
processing systems and management, disruptive or negative
events are treated as opportunities as opposed to threats (Jackson
and Dutton, 1988; Barnett and Pratt, 2000). For example, teams
in HROs use “near misses” to assess the overall functioning of the
system and view them as opportunities for learning (Weick and
Sutcliffe, 2006).

Moreover, teams in resilient organization tend to engage
in mindful organizing (Weick et al., 2008). This entails the
ongoing development and refinement of a shared understanding
of problems faced by the organization and the resources
and capabilities available to maintain safe performance. Vogus
and Sutcliffe (2012) suggest that mindful organizing is the
result of five processes: (1) assessment of possible and extant
system risks, (2) questioning of previous assumptions, (3)

discussion of individual, team, and organizational resources and
abilities, (4) collective learning following an adverse event, and
(5) deference to expertise. When employees engage in these
processes, organizations are better equipped to identify errors in
a timely manner, thereby minimizing detrimental outcomes.

Conceptualizing resilience as a dynamic process allows
scientists to create hypotheses about the conditions and behaviors
that lead to resilience. Viewing resilience as a process may be
useful, as process theories “often deal with the evolution of
relationships between individuals or team members, or with
the cognitions and emotions of individuals as they interpret
and react to events” (Langley, 1999, p. 693). As such, process
theories often involve a plethora of quantitative and qualitative
information. Although this can make interpretation and analysis
quite difficult and complex (Langley, 1999), taking a process view
allows us to more precisely parse out the components, events, and
relationships underlying resilience.

TEAM RESILIENCE AS AN EMERGENT
STATE

Many team researchers have tended to focus on the construct
of adaptability—in particular task adaptability (i.e., the ability
to shift strategies in response to changing situational or task
demands)—but these treatments may not capture the essence of
resilience. Recently however, the notion that resilience is best
considered an emergent state has been proposed (Maynard and
Kennedy, 2016). The term emergent state was proposed by Marks
et al. (2001) to describe certain types of team phenomena that
were not actual processes (although they had been treated as
such in prior work). According to Marks et al. (2001), “Emergent
states describe cognitive, motivational, and affective states of
teams, as opposed to the nature of their member interaction.
Although researchers have not typically classified them as such,
emergent states can be considered both team inputs and proximal
outcomes. For example, teams with low cohesion (an emergent
state) may be less willing to manage existing conflict (the
process), which, in turn, may create additional conflict that
lowers cohesion levels even further” (p. 357). The authors go
on to clarify that emergent states are not actual team actions or
interactions; rather, they should be viewed as an outcome of team
experiences, including team processes.

Maynard and Kennedy (2016) view team resilience as an
emergent state, given the idea that resilience is dynamic (Luthar
et al., 2000) and is impacted by adaptation (among other team
processes) (Moran and Tame, 2012). Reich et al. (2010) purport
that resilience is the result of adaptation to difficulty, which is
in line with the notion of team resilience as an emergent state.
Similarly, conceptualizing resilience as an emergent state is in line
with work that has defined it as “a team’s belief that it can absorb
and cope with strain, as well as a team’s capacity to cope, recover
and adjust positively to difficulties” (Carmeli et al., 2013, p. 149).

The manner by which various states emerge has been well-
articulated in the context of team learning by Kozlowski and
Bell (2008). Kozlowski and Bell (2008) suggest three central
tenets of team learning. First, it is unquestionable that learning
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occurs within individuals. Next, while learning can occur at
the individual-level, team learning occurs in a task and social
context that shapes how learning occurs and what is learned.
Finally, team learning is a dynamic process, occurring over
repeated interactions over time, resulting in emergent outcomes
suggesting that learning has taken place.

The value of the emergent state construct has been
demonstrated empirically in recent team research. For example,
Jehn and colleagues recently demonstrated that certain emergent
states mediated the relationship between conflict and team
performance (Jehn et al., 2008). Similar results were obtained by
Bradley et al. (2012).

Employing Marks et al’s (2001) definition, Maynard and
Kennedy (2016) incorporated the concept of team resilience as
an emergent state in a model of team adaptation. According to
these authors, “the construct of resilience (at both the individual
and team-level of analysis) has been viewed as a trait, a process,
and as an outcome” (p. 8). They concluded, however, that team
resilience is best thought of as an emergent state in the manner
described by Marks et al. (2001). Team resilience as an emergent
state suggests underlying dynamic properties that may shift as a
result of team-level inputs, context, processes, and outcomes.

A similar position has been articulated by Sharma and Sharma
(2016). These researchers sought to develop a measure of team
resilience. A result of their scale development work was a
model in which team resilience is a consequent of various latent
variables comprised by more specific behaviors. While they did
not invoke the construct of emergent states, their resulting
model implies a multi-level process in the development of team
resilience.

Our conclusion is similar: resilience is the result of a dynamic
process that effects and is affected by other salient team variables.
In fact, we argue that team resilience may be a “second-
order’emergent state; that is an emergent state that is actually
the result of other emergent states in the team. Indeed, team
resilience may mediate the relationship between other team
emergent states and outcomes during times of stress.

INDIVIDUAL RESILIENCE

In regard to inputs at the individual level, there is growing
research regarding how individual member qualities influence
team adaptability (LePine, 2003, 2005). As an example, LePine
(2005) revealed an interaction between the difficulty of a goal, and
learning orientation. Teams that had difficult goals that consisted
of team members with a learning orientation had higher rates of
adaptation. As suggested by Maynard and Kennedy (2016) “We
can envision more work at the team-level of analysis leveraging
such individual-level work by either aggregating such individual-
level constructs or by examining upward influence-type models
(e.g., Mathieu and Taylor, 2007)” (p. 22).

Despite increased interest in resilience, there remains
definitional debate regarding what exactly it means to be
a resilient individual. More specifically, it is yet unclear
whether resilient individuals thrive (i.e., grow beyond baseline
functioning) or more simply adapt and return to baseline

functioning after facing a setback. In line with the latter idea,
Masten et al. (1990) define resilience as “The process of,
capacity for, or outcome of adaptation despite challenging or
threatening circumstances” (p. 426). Similarly, Lee and Cranford
(2008) define resilience as “The capacity of individuals to cope
successfully with significant change, adversity, or risk” (p. 213).
However, other authors purport that resilience goes beyond
adaptation to adversity. For example, Leipold and Greve (2009)
define resilience as “An individual’s stability or quick recovery
(or even growth) under significant adverse conditions” (p. 41).
Moreover, Connor and Davidson (2003) suggest that resilience is
“The personal qualities that enables one to thrive in the face of
adversity” (p. 76).

Despite this uncertainty, Fletcher and Sarkar (2013) pointed
out that definitions of resilience are typically founded upon two
fundamental notions: adversity and positive adaptation. In fact,
researchers generally agree that positive adaption to adversity
must be evident in order for resilience to be demonstrated.
Luthar and Cicchetti (2000) asserted further that adversity
“typically encompasses negative circumstances that are known to
be statistically associated with adjustment difficulties” (p. 858).
In addition, according to Davydov et al. (2010), the mechanisms
underlying resilience vary, ranging from mild adversity (e.g.,
stress at work) to strong adversity (e.g., bereavement). Regarding
the second underlying concept, positive adaptation “may be
likened to a springboard that propels the survivor to a higher
level of functioning than that which they held previously” (Linley
and Joseph, 2004, p. 602). In line with this definition, positive
adaptation therefore represents a gain following the adverse
event, as opposed to recovery from the loss or homeostatic return
to baseline.

Others (e.g., Luthar et al, 2000) suggest that positive
adaptation simply refers to the ability to meet the demands
faced during adversity. Furthermore, others assert that positive
adaptation may be a combination of the previous definitions;
Leipold and Greve (2009) suggest that positive adaptation
refers to “An individual’s stability or quick recovery (or even
growth) under significant adverse conditions” (p. 41). Thus, the
definitional debate in the resilience literature seems to surround
the second core process of adaptation. Luthar and colleagues
(Luthar et al., 2000; Luthar, 2006) suggest that positive adaptation
may be a function of the severity of the adverse event, and what
constitutes positive adaptation might be context specific.

Alongside definitional confusion, there has been considerable
debate about the basic conceptualization of resilience. Although
all people possess some degree of resilience, not everyone is equal
in this regard. While some people have difficulty overcoming
commonplace hassles, others react positively in the face of even
the most challenging situations (Bonanno, 2004). In search of an
explanation for this variance, early resilience researchers sought
to identify factors that protect individuals from experiencing
adverse effects after a setback. In this regard, resilience can
be conceptualized as an amalgamation of protective factors, or
traits, that “influence, modify, ameliorate, or alter a person’s
response to some environmental hazard that predisposes to a
maladaptive outcome” (Rutter, 1985, p. 600). This conception
was originally suggested by Block and Block (1980), using the
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term “ego resilience” to reflect traits such as resourcefulness,
character, and flexibility. Those high on ego resilience were found
to be energetic, optimistic, and had the ability to detach in order
to problem solve (Block and Block, 1980). Since the origination of
this work, there seems to be general agreement that the construct
of resilience implies a protection against future stressors (Fletcher
and Sarkar, 2016).

Several specific protective factors have been examined by
resilience researchers, including: positive emotions (Tugade and
Fredrickson, 2004), hardiness (Bonanno, 2004), self-efficacy (Gu
and Day, 2007), extraversion (Campbell-Sills et al., 2006), self-
esteem (Kidd and Shahar, 2008), positive affect (Zautra et al.,
2005), and spirituality (Bogar and Hulse-Killacky, 2006).

TEAM RESILIENCE

Given the growth of teamwork within organizations, resilience
researchers have recently shifted their focus from the individual
and community levels to the team level (Norris et al., 2008;
Alliger et al.,, 2015). As recently suggested by Brodsky et al.
(2011), “a focus on the individual is not enough” (p. 233). In line
with Alliger et al. (2015), we purport that individual and team
resilience while related, are distinct constructs. A team comprised
of resilient members does not necessarily make the team resilient.
At the team level, resilience has been characterized by variables
including collective efficacy, creativity, cohesion, social support,
and trust (Gittell et al., 2006; Norris et al., 2008; Blatt, 2009).
Moreover, teams that encompass a broader perspective in the
face of adversity have a greater likelihood of positive adaption
(Bennett et al, 2010). In support of the notion that team
resilience research is critical, Bennett et al. (2010) purports that,
“resilience may be viewed as much a social factor existing in
teams as an individual trait” (p. 225). This would suggest that
teams have the capacity for positive adaptation through collective
interactions, rather than as isolated individuals. As stated by West
et al. (2009), “Team resilience may prove to be an important
positive team level capacity that aids in the repair and rebound
of teams when facing potentially stressful situations. Teams
which display the ability to either thrive under high liability
situations, improvise and adapt to significant change or stress,
or simply recover from a negative experience are less likely
to experience the potentially damaging effects of threatening
situations” (p. 254).

ORGANIZATIONAL RESILIENCE

As noted by Maynard and Kennedy (2016), research is lacking on
the effect of organizational-level inputs on team resilience. Work
by Gibson and Birkinshaw (2004) have suggested organizational
context to be a pre-cursor to team ambidexterity. More
specifically, the more supportive the context, the greater the
ambidexterity. Team ambidexterity “allows teams to reconcile
the tensions between alignment and adaptability” (Maynard and
Kennedy, 2016, p. 12). Moreover, Gibson and Birkinshaw (2004)
found that ambidexterity is a mediator between context and unit

performance. Thus, the contextual inputs at the organizational
level seem to facilitate unit adaptation.

As defined by Vogus and Sutcliffe (2007), resilience at the
organizational level refers to the ability to maintain positive
adjustment to difficult situations, such that the result is a
stronger and more resourceful organization. Since organizations
that are resilient as a whole have greater resources, this
may allow their individual teams to also be more resilient
as they have access to a greater repertoire of resources
when faced with a difficult situation. “Difficult situations”
include crises, unexpected events, deviations from boundary
conditions (i.e., deviations from normal functioning), strains,
and emerging risks. It is important to note that the amalgamation
of small stresses, deviations, or interruptions can pose a
significant risk to system functioning just as readily as a
more catastrophic event (Rudolph and Repenning, 2002).
Adjustment to adversity at the organizational level has been
said to strengthen individual teams through “a hierarchical
integration of behavioral systems whereby earlier structures
are incorporated into later structures in increasingly complex
forms” (Egeland et al., 1993, p. 518). Alternatively stated, resiling
from difficult conditions necessitates the activation of latent
resources. Therefore, resilience encompasses more than a specific
adaption. Competence in the face of one adversity implies
a greater likelihood of competence in the face of the next
adversity. In order to be resilient, a team must be prepared for
hardship, which requires an “improvement in overall capability,
i.e., a generalized capacity to investigate, to learn, and to act,
without knowing in advance what one will be called to act
upon” (Wildavsky, 1991, p. 70). In this light, resilience greatly
depends on learning from previous experiences and adversities
which facilitates future learning. However, because resilience
is independent of learning activities, it represents a greater
repertoire of capabilities.

Several resilience processes at the organization level have
been identified by Brodsky et al. (2011), which include: a sense
of community, positive team culture, reframing of stressors,
striving to achieve the organization’s mission, shared values,
and malleable team structures (Fletcher and Wagstaff, 2009;
Woagstaff et al., 2012). This supports the contention of Chan
(1998), who suggested that although constructs may fall under
the same domain, they manifest differently at different levels (i.e.,
individual or team). A similar position has been advocated more
recently by Morgan et al. (2013).

AN INPUT-MEDIATOR-OUTCOME (IMO)
MODEL OF TEAM RESILIENCE

What follows is our attempt to synthesize past work to create
a model of team resilience by employing a modified Input-
Process-Outcome (I-P-O) framework advocated by Ilgen et al.
(2005): the Input-Mediator-Output-Input (I-M-O-I) framework.
According to Ilgen et al. traditional I-P-O models failed to
account for the dynamic complexity that characterizes team
behavior. Using Marks et al’s (2001) notion of emergent
state described above, they substitute the term “mediator” for
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“process” in the original I-P-O framework. In doing so, these
authors contend that it “reflects the broader range of variables
that are important mediational influences with explanatory
power for explaining variability in team performance and
viability;” (Ilgen et al., 2005, p. 520). The following sections first
summarize past work into the inputs, processes and mediators,
and outcomes associated with resilience as the individual, team,
and organizational levels. We included the individual levels in
our review because they are part of the dynamic system that
effects team resilience. Our contention is that it is essential
to maintain this multi-level view in order to understand the
full complexity of team performance and outcomes. Based on
this review, we conclude by offering a comprehensive model
of those things that contribute to development of resilience
and outcomes that can be expected as a result of achieving
resilience. We hope this model will stimulate further thinking and
research.

BEGINNING WITH THE END: DEFINING
OUTCOMES OF RESILIENCE

To begin specification of an I-M-O model of resilience, we
reviewed literature summarizing the outcomes that are expected
to result from resilient behavior. Our goal here is to synthesize
what has been theorized about the expected outcomes of
resilience at the individual, team and organizational levels (see
Table 1). Implicit in all of these outcomes is that they must
occur during a period of stress that is sufficient to interrupt
performance.

DEFINING INPUTS OF RESILIENCE

The inputs to resilience vary greatly depending on the level
at which it is being considered. Table 2 summarizes the major
inputs that enable resilience, again ordered by whether they occur
at the individual, team, or organizational level. At the individual
level, inputs to resilient behavior are most often considered to
be individual traits. These traits serve to buffer individuals to
the effects of a stressor and/or allow him or her to bounce back
quickly. At the team level, inputs to resilience are not traits, rather
they are factors that exist at the team level. However, they operate
in a similar manner to individual inputs in that they can have a
buffering effect on the team’s experience of stress and/or equip
them to cope with the stress. Finally, at the organizational level,
input factors are similar to team-level inputs in that they exist
at the organizational level and serve to set the stage for coping
behaviors by the organization.

PROCESSES ASSOCIATED WITH
RESILIENCE

Similar to input factors, the processes associated with resilience
behavior vary greatly depending on the level being considered. At
the individual level, resilient processes are most often conceived
of as adaptive behaviors. At the team and organizational levels,
resilient processes are more closely associated with collective
behavior by team members. Table 3 summarizes our review of
the literature regarding processes associated with resilience.

TABLE 1 | Expected outcomes of resilience at the individual, team, and organizational levels.

Level Construct Definition Supporting authors
Individual Psychological health Decreased prevalence of stress-related diseases such as McNally, 2003; Holland et al., 2009;
Post-Traumatic Stress Disorder and Complicated Grief. Alternatively, Bonanno and Diminich, 2013
resilience has also been associated with faster recovery from these
diseases if they should occur.
Physical health Decreased prevalence of physical disease following stress; increased Rutter, 1998; Sturgeon and Zautra, 2013
pain tolerance; improved recovery from illness.
Sustained social ability The ability to maintain effective relationships and demonstrate Criss et al., 2015
appropriate social skills in the face of stress.
Sustained cognitive ability The ability to collect, process, and act on information during or Shia et al., 2015
following periods of extreme stress.
Team Maintenance of performance  Ability to maintain high levels of performance in spite of task challenges ~ Wilson et al., 2006
or difficulties.
Error avoidance The prevention and/or minimization of errors. Shawn Burke et al., 2005
Desire to remain Desire by team members to remain as part of the team. Hackman and Wageman, 2005
Organizational ~ Maintenance of performance  Ability to maintain high levels of performance in spite of task challenges ~ Vogus and Sutcliffe, 2007

Error avoidance
Desire to remain

Sustained results
Longevity

or difficulties.
The prevention and/or minimization of errors.

The extent to which an individual wishes to remain a member of the
organization.

The ability to duplicate results each time a strategy is implemented.

Timespan indicative of the organization’s success in its business
environment in the past.

Brown, 2004; Jeffcott et al., 2009
Kim and Aldrich, 2002; Majchrzak et al.,

2007

Averett, 2001; Lissack and Letiche, 2002
Linnenluecke and Griffiths, 2010

Frontiers in Psychology | www.frontiersin.org

August 2017 | Volume 8 | Article 1360 | 128



Bowers et al.

Team Resilience

TABLE 2 | Inputs that enable resilience.

Level Construct Definition Supporting authors
Individual Optimism The tendency to anticipate a positive outcome, even in the face of adversity. Riolli et al., 2002; Karademas, 2006
Individual Personality Refers to traits such as openness, agreeableness, emotional stability, and social Friborg et al., 2005
competence.
Individual Goal orientation A tendency to validate one’s achievement ability in academic or performance settings.  VandeWalle et al., 2001
Individual Coping flexibility The ability to flexibly adjust coping strategies to face distinct stressors. Lam and McBride-Chang, 2007;
Galatzer-Levy et al., 2012
Individual Coping A dynamic situation-specific reaction to stress. Lazarus, 1999; Eisenbarth, 2012
Individual Self-esteem A positive or negative attitude toward oneself. Eisenbarth, 2012
Individual Mental toughness The ability to persevere through difficult circumstances and emerge without losing Reivich et al., 2011
confidence.
Individual Directed attention The ability to direct interpretations to a more flexible disposition. Loprinzi et al., 2011; Sood et al., 2011
Individual Cognitive The modification of irrational thoughts. Fava and Tomba, 2009
restructuring
Individual Sense of humor Ability to find humor about life situations and about one’s self. Rutter, 1987; Bobek, 2002;
Earvolino-Ramirez, 2007
Individual Patience The capacity to accept or tolerate delay, trouble, or suffering. Connor, 2006
Individual Faith A belief in the doctrines of a religion. Richardson, 2002; Ni Raghallaigh and
Gilligan, 2010
Individual Perseverance Perceived ability to overcome adverse circumstances. Floyd, 1996; Rolland and Walsh,
2006
Individual Self-control The capability to modulate and control impulses. Moffitt et al., 2011
Individual Hardiness An openness to viewing change as a challenge. King et al., 1998; Aimedom, 2005
Individual Grit The passionate pursuit of long-term goals. Duckworth et al., 2007
Team Trust The belief, confidence, or expectation that a fellow team member will be responsive Meredith et al., 2011; Stephens et al.,
and act in an ethically justifiable manner. 2013
Team Explicit The transmission of ideas, knowledge, and thoughts to the receiving party between Entin and Serfaty, 1999; Vidal et al.,
communication two or more team members via a verbal channel. 2009
Team Implicit The transmission of ideas, knowledge, and thoughts between two or more team Entin and Serfaty, 1999; Paton and
communication members via a nonverbal channel. Jackson, 2002
Team Norms A standard or pattern or behavior that has been established amongst team members.  Morgan et al., 2013
Team Transactive memory A combination of knowledge held by individual team members and the collective ligen et al., 2005
awareness of individual team member knowledge.
Team Psychological safety A perception that one can speak up without repercussion. Carmeli and Gittell, 2009; Carmeli
et al., 2009
Team Stability of The extent to which team members wish to remain as part of the team. Kim and Aldrich, 2002; Majchrzak
membership et al., 2007
Team Assertiveness The ability of a team member to communicate in a persuasive manner to other team Wilson et al., 2005
members.
Organizational ~ Preoccupied w/failure  Engagement in the analysis of possible vulnerabilities. Vogus and Sutcliffe, 2007
Organizational ~ Agility The ability to quickly and effectively cope with unexpected changes in the Lengnick-Hall and Beck, 2009;
environment. Fairbanks et al., 2014
Organizational ~ Monitoring The ability to discern what is or is likely to become a threat in the near future. Hollnagel et al., 2014
Organizational ~ Reluctance to simplify ~ Tendency of an organization to question assumptions. Vogus and Sutcliffe, 2007
Interpretations
Organizational  Sensitive to A willingness to discuss the capabilities that facilitate safe performance. Vogus and Sutcliffe, 2007
operations
Organizational ~ Committed to The demonstration of effort to collectively learn from errors that have occurred. Vogus and Sutcliffe, 2007
resilience
Organizational ~ Deference to The ability to migrate decisions to the person(s) with the greatest expertise for the Vogus and Sutcliffe, 2007
expertise issue at hand.
Organizational ~ Adaptive capacity A measure of dynamics of an organization that allows it to make decisions in both McManus et al., 2008; Lengnick-Hall
daily situations and crisis situations. et al., 2011
Organizational  Situation awareness An understanding of the make-up of the organization and how its components relate  McManus et al., 2008

to each other.
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TABLE 3 | Review of processes associated with resilience.

Level Construct Definition Supporting authors
Individual Stress management A technique aimed at controlling an individual’s stress level; particularly Steinhardt and Dolbier, 2008; Loprinzi
chronic stress levels. etal., 2011; Sood et al., 2011
Individual Relaxation/ Techniques designed to reduce the physiological stress response through Deckro et al., 2002; Dziegielewski et al.,
Breathing controlled breathing. 2004
Individual Social support A safe environment where individuals are encouraged to share their Karademas, 2006; Reivich et al., 2011
thoughts and feelings with others.
Individual Imagery/mental The use of all senses to rehearse an event scenario mentally. Arnetz et al., 2009
stimulation
Individual Mindfulness A mental state in which an individual focuses attention on the present Shapiro et al., 1998
moment, while acknowledging one’s feelings, thoughts, and bodily
sensations without judgement.
Team Forceful backup The questioning of a decision for which contrary evidence can be provided; Lamb et al., 2014
the verbalization of conflicting information.
Team Planning Formulation of a preconceived way to deal with hazards, crises, or Crichton et al., 2009; Lentzos and Rose,
potentially unexpected adverse event. 2009
Team Leadership The process of a superior influencing subordinates to accomplish team Lugg and Boyd, 1993; Wing, 2005;
goals. Stewart and O’Donnell, 2007
Team Adaptability A functional change in response to altered environmental and situational Pulakos et al., 2006; Carmeli et al., 2013;
contingencies. Alliger et al., 2015; Morgan et al., 2015;
Wright and Masten, 2015
Team Compensatory The ability to step in and provide back-up behavior for team members when Van Der Haar et al., 2008
behavior they are unable to perform the task independently.
Team Performance Team'’s ability to monitor individual members’ and the team'’s performance. Wilson et al., 2005
monitoring
Team Shared decision Decisions are made jointly by team leaders and subordinates. Stokols et al., 2008
making
Organizational Anticipation Knowing what to expect in terms of developments, threats, and Woods, 2006
opportunities that may occur in the near future.
Organizational Information sharing Transmission of data between a sender and receiver. Paulus and Nijstad, 2003
Organizational Simulating Practice of the handling of unlikely events. Vogus and Sutcliffe, 2007
Organizational Management of Management of organizational aspects are likely to mitigate negative McManus et al., 2008
keystone vulnerabilities impacts of a crisis.
Organizational Information gathering The process of collecting data and information pertinent to the task. Kendra and Wachtendorf, 2003; Somers,
2009
Organizational ~ Layoff avoidance Retainment of employees. Gittell et al., 2006
Organizational Financial reserves Retainment of financial resources available during a crisis. Gittell et al., 2006
Organizational Broad resource Ability to form relationships with others who may share fundamental Werner and Smith, 2001; Lengnick-Hall
networks resources. etal., 2011
Organizational Diffused power Reliance on self-organization for the creation of a holographic structure. Lengnick-Hall et al., 2011
Organizational Strategic HR Development of the requisite knowledge, skills, abilities, and other abilities Lengnick-Hall et al., 2011
management (KSAOs).
Organizational Enterprise systems Large-scale packages that support organizational processes and Ignatiadis and Nandhakumar, 2007
information flows in complex organizations.
Organizational Relational reserves The maintenance of positive social relationships within the organization. Gittell et al., 2006

A COMPREHENSIVE MODEL OF TEAM
RESILIENCE

Figure 1 displays a summary of the variables included in
the tables above. As noted previously, we conceptualize team
resilience as a second order mediator. That is, team resilience
is best thought of as enabled by a combination of other team
emergent states including cohesion, collective efficacy, culture,
shared mental models, familiarity, and adaptability (see Table 4).
Our conclusion is based on the notion that resilience is the result

of these other states and it enables the team to achieve either
positive or negative outcomes. It is this quality of resilience that
is unique in that it can act as a buffer for negative outcomes and
also as an enabler of positive ones.

Inspection of the model in Figure 2 reflects what we have
discussed above. According to this model, team resilience
is a second order emergent state that is situated between
other team emergent states (see Figure 1) and outcomes (see
Figure 1). Team emergent states are the result of various team
processes (see Figure 1) and those, in turn, are driven by input
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FIGURE 1 | Summary of variables affecting resiliency.

Emergent
States

Cohesion
Collec
Culture
Shared Menta
Models
Familiarity

Adaptability

Outcomes

Psychological

Health

Physical Health
Social Ability
Cognitive ability

e efficacy
nance of

ormance
Error avoidance
Desire to remain

Maintenance of
performance
Error avoidance
Early detection of
potential hazards
Goal attainment

TABLE 4 | Team emergent states.

Level Construct Definition Supporting authors

Team Task adaptability Ability of the team to shift their strategy to meet new or changing task demands. Cannon-Bowers and Salas, 1998

Team Cohesion An engagement in and commitment to a group. Schmidt et al., 2009; West et al.,

2009; Weaver et al., 2011

Team Collective efficacy A group’s shared belief in its capability to successfully complete a task or achieve a goal. Morgan et al., 2013

Team Culture An established set of norms, rules, and behaviors that individuals within a team create for Drinka, 1994; Morgan et al., 2013
themselves.

Team Shared mental models A mental representation of a task, process, organization, or the team itself shared Entin and Serfaty, 1999; Paton and
amongst team members. Jackson, 2002

Team Familiarity Extent to which team members have personal knowledge of each other’s strengths, Smith-Jentsch et al., 2009
weaknesses, preferences, styles, etc.

Team Resilience A dynamic process engaged in during the face of significant adversity, resulting in positive Luthar et al., 2000

adaptation.

factors at the individual, team, and organizational level. We
believe that this conceptualization is reflective of the complex,
multi-level, dynamic relationship among variables at the team
level.

RESEARCH DIRECTIONS

The construct of emergent states allows researchers to propose
hypotheses that better represent the dynamic, evolving
nature of team processes and performance. However, given
that this is a relatively new approach, empirical research
to identify key emergent states is in its infancy. As this

theoretical position is articulated, and as we develop
new statistical tools to allow us to validate these models,
we are learning more about the complex nature of team
processes and the psychological states that result from team
interactions.

In this paper, we have suggested a “second-order” emergent
state of team resilience which might help us to understand how
certain teams are able to cope with extreme stressors and to
maintain their performance. More specifically, as an emergent
state, this suggests that resilience may be the result of a number
of team actions or processes, rather than a process in it of itself.
Additionally, given the process vs. state debate in the literature,
the nature of the construct of team resilience is certainly
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FIGURE 2 | Visual depiction of model.

unclear. Thus, a new conceptualization of team resilience is
warranted. As articulated throughout the present work, viewing
team resilience as an emergent state may offer insight into
the nature of team resilience that prior conceptualizations have
failed to achieve. Ultimately, this is a hypothesis that will
need to be validated using modeling approaches. However, it
is important to articulate specific relationships that will be
the foundation of these models. To that end, we propose
the following first-order emergent states that we hypothesize
will be related to the second-order emergent state of team
resilience.

1. Collective Efficacy: Collective efficacy is typically defined as
the team shared belief that it possesses the capability to achieve
its goal. The relationship between collective efficacy and team
performance has been demonstrated several times (see Gully
etal., 2002, for a review). Collective efficacy is thought to work
by influencing the amount of effort that team members are
willing to invest and the degree of frustration they are willing
to tolerate in pursuing team goals (Gully et al., 2002). These
mechanisms are likely to be particularly important during
times of high stress (Jex and Gudanowski, 1992). Therefore,
we hypothesize that the emergence of collective efficacy will be
positively related to team resilience. This position is supported
by the results of Sharma and Sharma (2016) who included
collective efficacy as a latent factor in their measurement
model of team resilience. Similar support was reported by
Morgan et al. (2013).

2. Team Cohesion: Similar to collective efficacy, team cohesion is
an attitudinal state that is related to the degree to which team
members value being in the team and their commitment to
remaining in the team. Although, team cohesion is thought
to also exert its influence through motivation, research has
indicated that it is likely a different construct than collective
efficacy (Paskevich et al., 1999). Specifically, team cohesion
may influence performance through elements of mutual trust
and the acceptance of, and adherence to, group norms (Carron

et al.,, 2002). Adherence to group norms is an element that
is thought to be a critical element in maintaining team
performance under periods of high stress (Stevens et al., 2015).
Cohesion is often included in theories of team resilience (Hind
et al., 1996; Meredith et al., 2011). For example, Morgan et al.
(2013) describe it as an element of collective efficacy. However,
we might argue that it is better included in their construct of
group identity. Nevertheless, it seems reasonable to suggest
that cohesion is related to the emergence of resilience.

. Shared Mental Models: Shared mental models have been

defined as a collective representation of a task, process,
organization, or team (Entin and Serfaty, 1999). Shared
mental models have been linked to team performance under
stress because they allow team members to coordinate their
activities with the cognitive load of overt communication
(Rouse et al., 1992). Several empirical studies have indicated
the importance of shared mental models in allowing teams to
maintain their performance when confronted with stress (e.g.,
Bolstad and Endsley, 1999; Stout et al., 1999; Mathieu et al.,
2000). Interestingly, the emergence of shared mental models is
rarely considered in theories of team resilience. However, the
empirical data suggest that they may be a critical first-order
emergent state.

. Team Adaptability: Team adaptability refers to the ability of

the team to recognize that a given strategy is not working and
to adapt their strategy to meet the new demands (Cannon-
Bowers and Salas, 1998). Team adaptability encompasses a
number of behaviors and abilities that involve monitoring,
problem-solving, and so forth. In fact, team adaptability is
frequently used interchangeably with resilience in the lay
literature. While similar, there are a few notable differences.
First, we argue that adaptability is an emergent state that
allows team members to perform in the short-term, whereas
resilience allows them to grow and develop to facilitate
performance in the longer term. Secondly, adaptive expertise
has been defined as the ability to invent new procedures
and make novel predictions based on extant knowledge
(Hatano and Inagaki, 1986). Adaptation is considered to
be evidenced when the individual responds successfully to
changes in the task (Smith et al., 1997). However, resilience
is typically demonstrated in response to adverse (rather than
simply novel) events. It is a complex process comprised of
processes whereby team members use their individual and
collective resources to protect the group from stressors and
positively respond when faced with adversity. As such, because
resilience is independent of learning activities, it represents
a greater repertoire of capabilities than adaptability alone.
Finally, unlike the work on adaptability by Kozlowski and
colleagues (e.g., Kozlowski et al., 1999, 2009) which places
critical importance on the team leader, resilience also focuses
on team development without emphasizing any particular
team member. Instead, resilience work tends to place equal
importance across all team members. In contrast, work by
Kozlowski and colleagues places emphasis on how team
leaders must build team capabilities. In particular, they note
that planning and organizing, monitoring and acting are
“executive leadership functions.” In the realm of resilience
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work, these tasks are also critical but equally distributed
across team members. That said, there is no question that
adaptability is a critical emergent state for the development of
team resilience.
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