
Strategy Selection in Teams: Exploring How Teams Coordinate 
Responses to Time Pressure 

 
Abhinay Paladugu, Renske Nijveldt, Kenneth Cassidy & Martijn IJtsma 

Department of Integrated Systems Engineering  
The Ohio State University 

 
Effective teamwork in dynamic environments relies on the ability to adapt individual as well as collective 
behavior to respond to varying and uncertain demands. This paper describes an experiment conducted to 
analyze a two-person team’s strategy selection during a simulated search and retrieve task using Blocks 
World for Teams (BW4T). The experiment imposes different levels of temporal demands on teams to 
characterize how individual strategy selection affects team strategy and performance. Hollnagel’s Contextual 
Control Models are used as the basis for analyzing the experiment data and identifying the control mode of 
the team and its individual members during the task. Results from the experiment show that control modes 
are adapted at both the individual and team level to maintain performance under varying temporal demands. 
The results from the experiment point to the need to have system design support a range of individual and 
team control strategies to facilitate effective coordination and adaptation in teams.  
 

INTRODUCTION 
 
 Safety-critical operations (such as air traffic management 
and disaster response) typically involve work that is 
distributed amongst multiple parties, here collectively referred 
to as agents, that are human but also increasingly (semi-) 
autonomous, for example robots or Unmanned Aerial Vehicles 
(UAVs). These agents are often spatially co-located or 
distributed, and sometimes even temporally separated (for 
example, in space operations). Even though they are 
distributed, agents rarely work independently. Connections 
and couplings within the work means that agents are 
dependent on each other for successfully completing a 
collective mission. In other words, the agents are 
interdependent. 

For example, the National Airspace System (NAS) is a 
complex distributed work system that has continued to evolve 
to keep up with the growing traffic demands (Holbrook et al., 
2020). Currently, the National Aeronautics and Space 
Administration (NASA) is preparing for the integration of 
Unmanned Aerial Systems (UAS) into the NAS, and concepts 
of operation envision remote pilots commanding more than 
one aircraft (NASA, 2021), creating a network of operators 
needing to communicate with each other to efficiently manage 
all aircraft in a shared airspace. 

Interdependencies in combination with the often 
dynamic nature of demands in these operations create a need 
for coordination and adaptation of agents’ collective work 
strategies. High-fidelity simulations and ethnographic research 
have shown that effective human teams can switch individual 
and collective strategies to maintain performance under 
varying temporal and cognitive demands (Entin & Serfaty, 
1999; Hollnagel, 1993). While individual and team adaptation 
have been studied separately, how human teams coordinate 
adaptation of individual and joint strategies is not very well 
understood. To improve system design and better account for 
coordination and adaptation requirements in human teams, this 
line of research needs to be extended. 

This paper discusses initial results from a human 
subject’s study to model how a distributed team coordinates 

adaptation of individual strategies in response to varying 
temporal demands. A dynamic model of cognition, developed 
by Hollnagel (1993) is used as the basis for characterizing 
individual and team strategies. The paper provides a brief 
overview of Hollnagel’s Contextual Control Models 
(CoCoM), followed by a discussion of the experiment design, 
the results, and the discussion.   

 
BACKGROUND 

 
Work in dynamic work environments involves 

continuous adaptation of strategies to match available 
resources with demands. Expert human workers are highly 
adaptive in matching cognitive strategies with immediate 
context such as the time available to complete a task. For 
example, Sperandio (1978) described how air traffic 
controllers switch to less-cognitively demanding strategies as 
task demands increase, thereby preventing cognitive overload 
and maintaining performance.  

Hollnagel (1993) developed a dynamic model of 
cognition, called CoCoM, that captures how a person’s 
selection of actions is context-dependent, changing between 
‘control modes’ based on factors such as the subjectively 
available time and the outcomes of previous actions. This is in 
contrast to linear descriptions of cognition, such as human 
information processing models (Parasuraman, Sheridan, & 
Wickens, 2000). CoCoM has previously been applied to 
analyze and design decision support for airline scheduling 
tasks (Feigh, 2008) and gas distribution system interface tasks 
(Stanton, Ashleigh, Roberts, & Xu, 2001). This paper uses 
CoCoM with the aim of characterizing both individual and 
team strategies in response to contextual demands.  
 CoCoM has three interrelated elements: the model of 
competence, the model of constructs and the model of control. 
First, the model of competence describes the possible actions 
that an individual is capable of performing, as well as a set of 
patterns that describe common ways of sequencing these 
actions (e.g., based on procedure, rules, pre-defined tasks, 
etc.) (Hollnagel, 1993).   



Second, the model of constructs refers to a person’s 
knowledge of the context. This describes one’s awareness of 
the immediate contextual factors relevant to action selection 
and interpretation of information (such as how much time is 
available to complete a mission) (Hollnagel, 2002b). 

Third, the model of control describes ways in which a 
person selects and sequences actions (from the model of 
competence) in response to contextual factors. The central 
notion of the model of control is that an individual’s choice of 
action (i.e., determination of strategy) is determined by the 
context rather than any inherent relationship between actions 
(Hollnagel, 2002a). In addition, such contextual control 
describes cognition as being immediately responsive and 
adaptive to the short-term demands within the dynamic system 
that a person is interacting with. 

The model of control describes a person’s ‘contextual 
control mode’ (CCM) as a point along a continuum between 
little control to a high degree of control. Each point along the 
continuum captures a different way of selecting actions, with 
each mode appropriate in a different context. Each control 
mode differs in the time and effort taken to select actions, the 
number of goals that are considered simultaneously, and how 
previous actions were evaluated (Hollnagel, 1993). Four 
points along this continuum stand out, with earlier research 
showing that individual cognition can well be classified in 
these four ‘bins’ (Feigh, 2008; Hollnagel, 1993), see Table 1. 

 
Table 1. Description of CCMs (adapted from Hollnagel, 1993; Feigh, 2008).  
Contextual Control Mode Action selection based on 
Strategic Control Several goals, extended event horizon, 

optimally solved 
Tactical Control Limited goals, normal event horizon, 

normally solved  
Opportunistic Control One goal, narrow event horizon, solved 

without considering overall goal 
Scrambled Control One goal, zero event horizon, possibly 

solved, possibly not  
 
Whereas Sperandio and Hollnagel describe adaptation of 

an individual’s behavior, other studies have described how 
human teams switch collective strategies based on task 
demands. Entin and Serfaty (1999) describe how highly 
effective teams under stress switch to implicit modes of 
coordination to reduce the cost of communication. Likewise, 
Stanton et al. (2001) applied CoCoM to a team setting and 
demonstrated that a team’s collective behavior can also be 
described as context-dependent. 

Adaptation in teams requires additional work to 
coordinate individual strategies of one agent with those of 
other members of the team. MacMillan, Entin, and Serfaty 
(2004) describe this additional work as the hidden cost of team 
cognition. Likewise, Maguire (2020) discusses the cost of 
coordination in anomaly response for digital web services. 
Feigh and Pritchett (2014) define teamwork as the additional 
overhead needed to manage interdependencies within a team’s 
collective work. 

What is missing in models of adaptation is a link 
between how individual adaptation of behavior affects the 
team’s collective work and ability to adapt. Specifically, we 
need models that can relate individual strategy selection to a 
team’s control mode with different task demands. The 

experiment presented in this paper provides an initial 
exploration to address this gap. 
 

EXPERIMENT/METHOD 
 
Objectives 

 
The experiment had three objectives:  

1. Test the usefulness and validity of CCM in 
characterizing a team’s collective strategy.  

2. Identify the effect of temporal demands on the 
team’s collective strategy and performance.  

3. Identify the effects of an individual’s CCM on 
the team CCM.  

 
Participants 
 

A total of 13 teams with each team consisting of 2 
people participated in the experiment. All 26 participants were 
undergraduate and graduate students, with all having basic 
computer skills. Most of the participants had no prior 
experience with the experiment environment except for one 
team. All participants went through an extensive training 
phase to familiarize themselves with the environment and to 
develop and train various strategies. 
 
Apparatus 
 

The experiment involved a simulated environment, 
Blocks World for Teams (BW4T). BW4T is a joint activity 
testbed with rooms containing blocks. Figure 1 shows a 
visualization of the software. The objective of BW4T is to 
recover a set sequence of colored blocks from the rooms and 
drop them in the drop zone as quickly as possible (Harbers et 
al., 2011). This is achieved by traversing through the virtual 
environment as an avatar, entering rooms, picking up blocks, 
and dropping them in the drop zone. The environment allows 
for two or more agents to work collaboratively in the shared 
environment, including autonomous or robotic agents 
(Harbers et al., 2011). 

 

 
Figure 1. BW4T environment.  

 
Agents are not able to see each other’s avatars. To 

manage interdependent activity, team members need to 
communicate through a chat window. BW4T’s chat session 



has a set of pre-determined messages. The pre-determined 
messages all follow one of three communication policies:  

1. Inform other players about your observations 
2. Inform other players about your actions 
3. Provide explanations for your actions. 
For this experiment, participants were placed into two 

separate physical rooms such that communication between 
team members was only possible through the chat session in 
the BW4T environment. Each physical room had a computer 
device that was equipped with the BW4T software on 16 inch 
screens. Figure 2 shows how each physical room was set up.  
 

 
Figure 2. Experiment set up. 

 
Independent Variable and Scenarios 
 

The independent variable used in this experiment was 
time limit as a proxy for task demands (for example, in a real 
world scenario high-pace events in the work environment may 
impose temporal demands on teams). Four different time 
limits were set based on pilot testing: 6:00, 4:30, 3:45, 3:15 
(mm:ss). This resulted in four total conditions. Condition 1 
had the lowest temporal demands and Condition 4 had the 
highest temporal demands. A Latin square was used to balance 
any crossover effects.  

The scenario was a standard BW4T environment, which 
is a 2D representation of nine rooms arranged in a three-by-
three setting. The colored blocks were distributed in the nine 
rooms and a retrieval order was provided to participants. 
Participants were instructed that one team member had to 
deliver all the odd-numbered blocks and the other all the even 
blocks. This task constraint was imposed to create 
interdependence between the activity of both team members, 
requiring them to coordination and adapt strategies 
collectively.  
 
Experiment Procedure 

 
The participants first went through an experiment 

briefing to introduce the software, the features of BW4T, and 
the experiment task. Informed consent was obtained. 

A demonstration was given by the experimenters to 
explain the virtual environment in more detail. The 
participants then performed four training runs to familiarize 
themselves with the task and their teammate and to reduce 
learning effects during the measurement runs. The participants 
were allowed to discuss and modify the strategies at any point 
in time during the training. During the measurement runs, the 
participants were not allowed to communicate outside of the 
BW4T chat window. At the end of each round the players 

filled out a questionnaire that asked various questions to 
determine both the individual’s and team’s control mode.  
 
Dependent and Control Variables 
 

Dependent measures were aimed at measuring 
participants’ control modes at the individual and team level. 
The experiment considered both quantitative and qualitative 
data to determine and analyze CCM. The following 
quantitative measures were recorded: (1) mouse clicks per 
round, (2) number of messages sent during each round, (3) 
total mission time, (4) Likert scale questionnaires about 
participant and team control strategies, corresponding to 
CCMs in Table 1.  

The questionnaire was adapted from previous studies 
conducted by Feigh (2008). After each round, the participants 
first self-rated their individual and team’s control modes. 
Figure 3 shows the scale that was used, ranging from 1 to 10 
with four CCM labeled explicitly. Ratings from 1 to 2 were 
considered Strategic, ratings 3 to 5 were considered Tactical,  
from 6 to 8 Opportunistic, and from 9 to 10 Scrambled.  
 

 
Figure 3. CCM measurement scale (adapted from Feigh, 2008). 

  
 Similar to Feigh (2008), participants answered several 
multiple choice (MC) questions about their strategy as a 
secondary way of identifying individual and team CCM. Each 
question and answer corresponded to a known characteristic of 
CCMs. The CCM was calculated based on their MC answers. 
This allowed for a more detailed assessment of CCM and 
reduced the effect of participants having different 
interpretations of CCM in the self-rating. Furthermore, the 
questionnaire from Feigh (2008) was adapted to also evaluate 
team CCM in addition to individual CCM. 

In summary, for each participant there were four 
measures of CCM: two individual measures (self-rated and 
calculated from MC answers) and two team measures (self-
rated and calculated from MC answers). 

 
Control Variables 

 
The experiment had the following control variables: 

1. The sequence of blocks to be retrieved. The colors 
of the blocks were changed to prevent participants 
from learning from previous runs. 

2. The position of blocks relative to the sequence for 
retrieval. This was to make sure all experiment runs 
had the same amount of traversal required to 
complete the mission. Room layout was mirrored 
between runs to prevent learning. 

3. Framerate of the simulation (50 frames per second) 



 
Figure 4: (a) calculated individual contextual CCM, (b) calculated team CCM, (c) mouse clicks, (d) number of messages sent

RESULTS 
 

When data met conditions for normality, they are shown as 
confidence intervals and repeated measures ANOVAs were 
performed. For ANOVAs, the available time is the within-
subjects variable, and the group number is included as a 
between-subjects variable to account for any group-specific 
performance effects. Bonferroni correction was applied for 
post hoc analyses. Not all participants filled out all 
questionnaires, and some data therefore had to be left out of 
the analysis. Data from four teams was removed from the 
analysis of the mouse clicks and messages data because these 
groups did not successfully complete all rounds. 

Calculated Individual CCM. Figure 4a shows the 
calculated individual CCM. The data shows that participants 
generally were using tactical and opportunistic control. The 
data show that a person’s strategy moves towards more 
opportunistic control when temporal demands increase (F 
(1.51,18.18) = 14.672, p<0.05). Post hoc analysis revealed 
significant differences were present between all rounds except 
4:30-3:45 and 3:45-3:15. 

Calculated Team CCM. Figure 4b shows the calculated 
team CCM. Compared to individual CCM, the team level 
shows similar CCMs and patterns, with team control changing 
to more opportunistic control when temporal demands 
increase (F (1.88,24.47) =13.581, p<0.05). Pairwise t-tests 
revealed significant differences between rounds 6:00-3:45, 
6:00-3:15, and 4:30-3:15. There were also significant 
differences between teams (F (12,13) =3.622, p<0.05). 

Self-Rated CCM. The median values of participants self-
rated CCMs are shown in columns 2 and 4 of Table 3, with 
columns 3 and 5 showing medians for the calculated CCMs 
from the MC answers for comparison. Color coding 
corresponds to the scale in Figure 3. Friedman’s test on both 
individual and team self-rated CCM showed no significant 
differences. Correlation analysis between self-rated team 
CCM and calculated team CCM showed that there is high 
correlation (𝑅 = 0.701, 𝑝 < 0.05). The data show that self-
rated individual CCM (column 2) was usually closer to 
strategic and tactical control than what the MC responses 
would indicate (column 3). This confirms earlier findings 
from Feigh (2008) that participants tend to self-rate their 
behavior closer towards the strategic end of the control 
continuum. 

 

 
Table 3. Median CCM values for each round.  

Available Time 
(temporal demands) 

CCM_I 
(SR) 

CCM_I I CCM_T 
(SR) 

CCMI(C) 

6:00 (low) 3.54 4.0625 3.36 4.22 
4:30 3.17 4.9 3.2 4.88 
3:45 4.04 5.25 4.15 5.38 
3:15 (high) 4.5 5.73 4.31 5.88 

CCM Measures: I = Individual, T = Team 
Method of Acquisition: SR = Self-Reported, C = Calculated 

 
Relation between Individual and Team CCM. To analyze 

the relation between individual CCM and team CCM, 
correlation analysis was performed. Correlation analysis 
between self-rated team CCM and self-rated individual CCM 
showed no significant correlation (𝑅 = −0.073, 𝑝 = 0.47). 
Similarly, calculated individual CCM and calculated team 
CCM also showed no correlation (𝑅 = 0.094, 𝑝 = 0.35).  

Mouse Clicks and Messages. Figure 4c shows the 
number of mouse clicks. The number of mouse clicks per 
round showed a significant difference only between conditions 
4:30-3:15. Figure 4d shows the number of messages sent, 
which did not show significant differences. 

 
DISCUSSION 

 
Results from the experiments show that with increasing 

temporal demands, individuals change their strategy to less 
cognitively demanding modes of control. Almost identical 
patterns were observed at the team level. Most of the teams 
(not all) were able to complete the scenarios with the strictest 
time limits, evidencing that teams maintained their 
performance by adapting their strategies. However, more 
objective but somewhat indirect measures of strategies (the 
mouse clicks and messages) did not show clear patterns.  

Based on initial results, CCM seems a useful construct 
for characterizing team strategies, but further analysis is 
needed. On the one hand, the lack of correlation between the 
individual and team CCM is surprising in that individual 
control strategy does not seem to relate to team control 
strategy. On the other hand, low correlation shows that 
participants rated their individual and team control strategies 
differently, indicating that there might be contributors to team 
control that do not affect individual control and vice versa. 

The authors plan to do further analysis of the data from 
the questionnaires, which also included questions about 
coordination behavior (observability, predictability, and 
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directability) (Johnson & Vera, 2019). The analysis so far also 
showed significant differences in performance and CCM 
between teams. Hence, a cross-team comparison could help 
understand whether and how some teams were successful at 
adapting behavior while others were not. 

The experiment design has some characteristics that 
could limit its generalizability to more complex, real-world 
domains (for example, non-expert participants and a 
somewhat simplified environment). This initial experiment 
confirms that measurement of CCM is helpful in 
characterizing how individual and team strategies change. 
Future experiments should extend to more real-world task 
environments and ideally use expert workers as participants, 
while accounting for access and availability constraints. 

Follow-up experiments could also examine how teams 
respond to asymmetrical temporal demands, in which one 
team member experiences higher demands than the other. The 
current experiment considered only symmetrical demands 
(i.e., the same temporal demands were imposed on both team 
members). In many real-world situations, one team member 
experiences more demands than another, likely requiring team 
members to operate in different CCMs. Examining team 
performance when team members are in different CCM, 
including to what degree team members are aware of each 
other’s CCM, could help further understand coordination. 

The motivation for this experiment was to test and 
analyze how a distributed team coordinates adaptation of 
individual strategies, with the long-term aim of improving 
system design to support coordination in distributed work 
systems. Findings from this experiment indicate that system 
design should support not just coordination for a single control 
mode (e.g., the strategic level) but facilitate control and 
coordination in multiple modes (ideally all four modes). Even 
though it may seem intuitive for system designers to push for 
optimality, nudging teams towards strategic control and 
coordination, this is likely to limit the team’s ability to adapt 
cognitive strategies and cope with variable demands. Such 
limitations on contextual control could make human and 
overall system performance brittle.  

In addition to system design, initial findings from this 
study have implications for design of AI-enabled or robotic 
agents as ‘teammates’. Recent research has advocated for 
increasing the ‘teaming intelligence’ of AI/robots (Johnson & 
Vera, 2019). Results from this experiment on human teams 
suggest that part of teaming intelligence is the ability to shift 
strategies in response to contextual demands. Thus, models of 
contextual control in human teams should be extended to 
analyze how various levels of machine teaming intelligence 
affect adaptation in mixed human-machine teams. Likewise, 
models could serve as a basis for making machines more 
sensitive to variable demands, e.g., by adapting interaction 
behavior based on machine’s awareness of what CCM a 
human team member is in. 

 
CONCLUSION 

 
Findings from this study show that humans adapt 

cognitive strategies in response to variable temporal demands 
and that this occurs both at the individual and team level. The 

results confirm the validity of Hollnagel’s contextual control 
models for characterizing both individual and team strategies. 
However, even though similar patterns of behavior are 
observed at the individual and team level, no clear relation 
between the two constructs was identified. 

Even though this paper reports initial work in a 
somewhat limited experimental environment, a takeaway for 
system design is that to support team performance under 
various levels of temporal demand, a range of control modes 
needs to be supported (instead of just one). This could have 
important implications for design and evaluation of task 
procedures, teaming architectures and concepts of operations, 
as well as AI-enabled or robotic agents as team players in 
distributed work environments. Future work will focus on 
further characterization of team adaptation and coordination, 
as well as the development of models and methods that can 
inform system design. 
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