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Cognitive Correlates of Team Performance: Variations Across Dimensions of Skill
and Degrees of Expertise

Sounak Banerjee (sounak.banerjee @nyu.edu)', Chris Sims> & Wayne Gray>
'Department of Psychology, New York University
2Cognitive Science Department, Rensselaer Polytechnic Institute

Abstract

While individual cognitive metrics have been shown to predict
real-world task performance, their scalability to team behavior
remains poorly understood. This study addresses the critical dis-
connect between individual cognitive abilities and team-based
outcomes. We present an approach for studying this relationship
using rich behavioral data collected from a virtual team-based
task. Then, we further extend the analysis to show that these
relationships can evolve with changes in team expertise. Re-
gression models were used to predict performance across two
dimensions of team skill, derived from an individual’s ability to
(1) perform task-specific actions (taskwork), and (2) coordinate
their actions with others (teamwork). Individual performance
across seven cognitive tasks were used as predictor variables.
Results indicated significant associations between efficient in-
formation processing abilities and taskwork skill, in the game.
Teamwork skill initially varied with visuospatial working mem-
ory. However, attention control predicted teamwork skill after
sufficient practice in the task. Finally, independent measures
of analytic intelligence reliably predicted both skills; however,
task knowledge may have mediated that effect. Our results
demonstrate that team performance is multifaceted, with dis-
tinct cognitive abilities contributing to various dimensions of
team skill, at various stages of expertise.

Keywords: Cognitive Ability; Complex Task Performance; Ex-
pertise; Team Coordination; Multiplayer Games; Overcooked

Introduction

Traditionally, researchers have relied on one of two experi-
mental designs to study the relationship between cognitive
abilities and complex task performance (1) cross-sectional
studies, where the relationship is studied at a particular point
in time (Schmidt, 2002; Tucker & Warr, 1996; Voss et al.,
2010), or (2) using baseline measures of cognitive abilities to
predict future learning outcomes (Ackerman, 1988; Gonza-
lez et al., 2005; Murphy, 1989) . More recent research that
focus on changes in cognitive abilities over time have found
that training in complex tasks can lead to enhanced cognitive
abilities related to attentional control, perception, spatial cog-
nition, and problem solving abilities (Bavelier & Green, 2019;
Bediou et al., 2018; Choi et al., 2020; Kowal et al., 2018).
However, it is less clear how these changes in cognitive abili-
ties interact with task skills and affect task performance, and if
current results extend to cooperative multi-agent tasks. Here,
we present an approach for investigating these complex rela-
tionships using behavioral data from a team-based task.

To study team behavior in complex dynamic tasks, we de-

veloped a cooperative cooking game based on the popular
multiplayer game Overcooked, which is often used to study
multi-agent coordination in both cognitive science (Banerjee
& Gray, 2023; Bishop et al., 2020; Carroll et al., 2019) and
reinforcement learning (Gessler et al., 2025). Our implemen-
tation of the task replicates the complex task dynamics of the
original commercial game with tight experimental control,
while also allowing us to collect behavioral data with high
temporal and spatial precision.

Using a game-based experimental paradigm allowed us to
better simulate the experience of a real-world task in a lab-
based environment, as opposed to more traditional lab-based
tasks (Lukosch et al., 2018). Indeed, computer video games
have proven to be a powerful tool for studying cognitive abil-
ities and their effect on complex task performance over the
last decade (Bediou et al., 2018; C. S. Green & Bavelier,
2003; Hambrick et al., 2010; Valls-Serrano et al., 2022). In
addition, game-based paradigms offer several advantages for
studies that involve human expertise (Gray, 2017).

Further, training in action video games have shown potential
for generalization of cognitive skills across domains (Bavelier
et al., 2018). For instance, training in simulation games have
been shown to improve communication (Chamberland et al.,
2018), as well as decision-making and risk assessment skills
(Reynaldo et al., 2021) among medical professionals. In fact,
games can also promote general task learning for complex
tasks (C. Green & Bavelier, 2012), and the transfer of positive
collaborative learning experiences in paradigms dissimilar to
the original training task (Peppler et al., 2013). Therefore, we
believe that training in our task will lead to improved cognitive
task performance among our participants.

For our experiments, we asked participating teams to play
the cooperative game over a course of eight 1-hour sessions,
spread out across several weeks. Since our objective was to
study changes in the relationship between cognitive abilities
and cooperative task skills resulting from task-specific train-
ing: we collected high quality behavioral data from all out
participants for the entire duration of the study. We mea-
sured cooperative task skill using two distinct dimensions of
individual performance: taskwork skill and teamwork skill
(de Toledo et al., 2022; Morgan et al., 1993). Additionally,
to track cognitive abilities, we had participants take seven
task-relevant cognitive tests at different experimental phases.

To explore the relationship between cognitive abilities and
cooperative task skills at various stages of expertise, we oper-
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Figure 1: A (labeled) screenshot of a game in the ‘Clover’
kitchen layout.

ationalized the problem into three specific research questions:

1. RQ1: Do cognitive abilities improve after several hours of
practice in a complex cooperative task?

2. RQ2: Do specific cognitive abilities support teamwork skill
in our task, and do they change with expertise?

3. RQ3: Do specific cognitive abilities support taskwork skill
in our task, and do they change with expertise?

Trends in our data reveal that distinct cognitive abilities
support different dimensions of team skill at various stages
of expertise. Our results further show that different cognitive
abilities predicted taskwork and teamwork skills. For exam-
ple, while abilities related to visual attention and memory were
found to be associated with teamwork skills, cognitive infor-
mation processing and attention control were more closely
associated with taskwork skills.

Finally, participants also presented enhanced cognitive abil-
ities after several hours of practice in the complex task, which
is consistent with previous findings that show that practice in
a complex task can help develop task-agnostic cognitive skills
(Bavelier & Green, 2019; Bediou et al., 2018).

Methodology

The Cooperative Action Task

The Cooperative Action Task (CAT) is a game-based exper-
imental paradigm developed to study changes in small-team
coordination, under controlled lab environments. The CAT is
a complex and dynamic task where four players must work in
parallel and coordinate their actions with other team members
to prepare and deliver orders in a virtual kitchen.

For each “kitchen”, orders appear at the top of the screen
along with a timer indicating the time remaining to prepare
the order. Players execute a series of actions to prepare each
order as it becomes active. For example, Figure 1 shows two
outstanding orders, a mushroom soup (expires in 35 seconds)
and an onion soup (expires in 65 seconds). To prepare the
mushroom soup, players would have to chop three mushrooms
and one onion (at the chopping counters), cook them in a pot
(on a stove), plate the soup, and carry it to the delivery zone.
Progress bars are used to indicate the progress of different

Figure 2: The Divided kitchen layout.

actions. Teams are awarded points for each order they deliver,
which is proportional the number of ingredients in the order.

Different kitchen layouts were developed to introduce
unique challenges to team coordination. These challenges
were accomplished by adding constraints in the kitchen de-
sign, which include counter/floor space restrictions, narrow
corridors, isolated players, and kitchens, which are partitioned
so that players are unable to move from one space to another.
Sixteen unique kitchen layouts were used for the study.

For the current study, we focus on a single dimension of
design constraint, which limits direct player interaction. The
Divided kitchen layout (Figure 2) was designed to prevent
team interaction by completely isolating all 4 players in their
own mini-kitchens, forcing them to work alone. Therefore,
player performance in these kitchens provided a reliable of
measure individual (taskwork) skill, while, cooperative (team-
work) skill was measured from games in other kitchen layouts.

Cognitive Task Battery (CTB)

Seven cognitive tasks were selected for our experiment based
on (1) the relevance of the measured cognitive ability to the
current complex task, and (2) previous reports of statistically
significant correlations with performance in similar complex
tasks. Our rationales for choosing each task are also provided.

All tasks, except one, were administered as part of a Cogni-
tive Task Battery (CTB), twice during the course of the study.
Participants were asked to complete the CTB at the begin-
ning and the end of the study, to test for changes in cognitive
ability. The Raven’s Advanced Progressive Matrices (RAPM)
task was only administered once (halfway through the study),
because we did not expect any changes in intelligence score
(Buschkuehl & Jaeggi, 2010; Haier, 2014).

A common concern with test-retest measures of cognitive
abilities stems from the possibility of practice effects bias-
ing performance during retest sessions (the second CTB ses-
sion in this case), where familiarity with the task, as a result
of repeated testing, could potentially improve performance.
However, practice effects in such tasks have been shown to
disappear after 4 weeks (Marina G. Falleti & Darby, 2000).
Given that a 5-6 week gap was maintained between the two
CTB sessions in the current study, we do not expect practice
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effects in the CTB to be a concern. In addition, ‘practice’
trials were added to the beginning of each task to allow par-
ticipants to familiarize themselves with the task and further
mitigate practice effects (De Cesarei et al., 2023; Zorowitz &
Niv, 2023). Practice trial data was excluded from analysis.

Performance in all tasks except the Corsi Block-Tapping task
was measured using an inverse efficiency metric similar to the
one described by Large et al. (2019). To compute this met-
ric, we divided the median reaction time of correct responses
(lower is better for the numerator) in a task by the proportion
of correct responses (higher is better for the denominator).
Thus, a higher value of this metric was associated with lower
performance in a task. It is a convenient measure of perfor-
mance, that combines information about reaction time and
response accuracy into a single composite variable.

Anti-saccade Task The anti-saccade task (Hallett, 1978)
measures individual abilities for visual attention control
(Munoz & Everling, 2004), which is crucial for the perfor-
mance of complex visuospatial tasks (Arthur et al., 1995;
Hubert-Wallander et al., 2011). In fact, studies on the rela-
tionship between performance in saccadic tasks and expertise
in complex visuospatial tasks have found a direct correlation
between the two (Chen et al., 2024; Di Russo et al., 2003).
We therefore hypothesized that players with superior visual
attention control may have an advantage over others, since it
involves navigating and selectively attending to specific as-
pects of a complex visuospatial environment.

Corsi Block-Tapping Task The Corsi block-tapping task
is used to measure visuospatial working memory capacity
(Corsi, 1972), which has been shown to predict performance
in multiple-object tracking tasks (Li et al., 2023; Trick et al.,
2012). In the CAT, items are constantly spawned, moved, and
despawned by other players. Therefore, a player’s ability to
quickly recall the type and position of various items in the
kitchen could significantly affect game performance.

Performance in this task was measured by computing the
average sequence length across all trials (meaning that a higher
score for this task is indicative of better performance). The
inverse efficiency metric was not used here because reaction
time was not relevant to this task.

Hick-Hyman Task The Hick-Hyman task was developed
to assess cognitive information processing capacity (Hyman,
1953). This ability has been linked to higher performance
in complex decision-making tasks (Adams & Ericsson, 1992;
Yang et al., 2021), where individuals have to quickly assim-
ilate relevant information from rich information spaces and
decide among multiple actions. Therefore, greater perfor-
mance in this task may translate to higher performance in the
CAT, since players need to be able to make quick and effi-
cient action choices based on complex task-state information
to ensure optimal performance.

Fitts’ Reciprocal Tapping Task The reciprocal tapping
task is often used to compare motor control ability across
individuals (Smith & Claytor, 2018; Temprado et al., 2013;
York & Biederman, 1990). For the current study, we asked
participants to perform this task using the joystick on Xbox
controllers, to determine the extent of their ability to control
objects in the virtual world. We ensured that the controllers
used in this experiment were the same ones used to control
player movement in the CAT, for consistency.

Eriksen Flanker Task The Eriksen Flanker task (Eriksen
& Eriksen, 1974) is a response interference task, where ir-
relevant stimuli have to be inhibited in order to attend and
respond to relevant target stimuli. Such selective attention
mechanisms play a key role in decision making in tasks with
complex perceptual spaces (Lev-Ari et al., 2022; Rahimi et
al., 2022). As aresult, performance in this task may reflect a
player’s ability to filter out irrelevant elements from complex
environments and only attend to relevant information, which
is crucial for making effective choices in the CAT.

Go-NoGo Task The Go-NoGo task (Logan & Cowan, 1984)
is a response inhibition task, that can capture individual dif-
ferences in sustained attention and response control. These
skills may be highly relevant to the process of assembling
ingredients for orders in the CAT, as players with better re-
sponse control may be able to better inhibit actions that lead to
incorrect combinations of ingredients. this is consistent with
previous research, which found significant associations be-
tween inhibitory control and action errors (Bravi et al., 2022),
as well as decision-making accuracy (Cao et al., 2024), in
highly dynamic tasks.

Raven’s Advanced Progressive Matrices The Raven’s Ad-
vanced Progressive Matrices is a cognitive assessment tool for
measuring abstract reasoning ability and analytic intelligence
(Carpenter et al., 1990). Individuals who score higher in this
task may present superior critical thinking skills (Liu et al.,
2024) and consequently choose more optimal playing strate-
gies in the game, leading to superior performance.

Experimental Setup

Four acoustic pods (small sound-isolated rooms), one as-
signed to each team member, were used to prevent verbal
communication during game sessions. Each pod was also
fitted with a monitor and an Xbox game controller, that the
players used to play the game. Monitors from all 4 pods were
connected to a central computer (using an HDMI splitter), that
ran the game. This allowed all four players to simultaneously
receive the same video feed for the game from inside their
pods. All 4 controllers were also connected to the central
computer, via Bluetooth.

Procedure

The study required participants to come to the lab for 11 one-
hour sessions, spread out over a period of 5-6 weeks. The
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11 sessions were executed in the following order: (1) In the
first session, participants completed a Cognitive Task Battery
(CTB) which included 6 cognitive tasks; (2) in the next 4
sessions (sessions 2-5), participants played the game; (3) dur-
ing the sixth session, participants completed the Raven’s Ad-
vanced Progressive Matrices task; (4) this was followed by 4
more game sessions (sessions 7-10); (5) in the final session
(session 11), the CTB from session 1 was repeated.

Each game session involved participants playing eight 5-
minute games (40 minutes total). Each player played the
game from inside their assigned (by the experimenter) pods.
After playing the first 4 games, players were asked to step out
of their pods and take a short break before returning to their
pods to play the last 4 games of the session.

Participants

The participants were 64 university students (30 female, 29
male, 3 non-binary, and 2 participants who chose not to an-
swer). Participant age ranged from 18-31 years (mean=20.3,
SD=2.75), where 56 of the 64 participants were between 18
and 22. Only three of the 16 participating teams were homoge-
neous (all male/female) groups. Participants were financially
compensated for their time. Each participant received $15 US
for each session, along with a $50 US bonus on completion of
the entire study. All experimental procedures were reviewed
and approved by the University IRB.

Data

Data from each team consists of sixty-four 5-minute games
(8 games played in each of the 8 sessions). All player action
and game state data was recorded at 60Hz. The complete
dataset contains 5 hours and 20 minutes (sixty-four 5-minute
games) of gameplay data per team, for 16 teams. Due to a
technical fault, data from one game was corrupted, leaving us
with valuable data from 1023 games.

For the Cognitive Task Battery, data from a single partici-
pant was lost for the Anti-saccade Task due to a technical fault.
Additionally, for the Go-Nogo task, data for 3 participants was
corrupted, and could not be recovered. Finally, data from one
participant was also lost for the RAPM task. Missing data
points were excluded from model fits during analysis.

Analysis

Paired samples t-tests were performed to test for changes in
cognitive abilities. However, one of the assumptions of this
test is that the data should have a normal distribution. There-
fore, a Shapiro-Wilk test was carried out to check for normality
in the distributions of performance values for the six cognitive
tasks. Results indicated that cognitive task scores were either
positively or negatively skewed. To normalize the data, the
single parameter Box-Cox transformation (Box & Cox, 1964)
was applied to each set of cognitive task scores. The resulting
(lambda) parameter values for the transformations are 0.18
(Anti-saccade), -2 (Corsi, Hick-Hyman, and Flanker), 0.02
(Fitts’), -0.67 (Go-Nogo), 0.06 (RAPM).

Summary Stats
Task CTB 1 CTB 2 Results
M SD M SD
Anti-Saccade * || 10.06 9 9.44 .79 1(62) =6.97; p <.001
Corsi 47 | 4.04E-3 | 47 | 4.05E-3 || 1(63) =-1.81; p =.076
Hick-Hyman 5 6.8E-7 S5 | 5.97E-7 || 1(63) =1.16; p = .251
Fitts’ * 7.4 .27 7.17 32 1(63) =5.18; p < .001
Flanker * 5 7.6E-7 5 | 6.24E-7 || 1(63) =3.37; p=.001
Go-Nogo 1.48 | 9.67E-4 | 1.48 | 9.18E-4 || 1(60) =.717; p = 476

Table 1: Result summary for paired samples t-tests, to test
for significant changes in performance between the first and
second CTB sessions, for all six tasks. Some of the variables
have extremely low standard deviations. This is a result of the
Box-Cox transformation, which caused significant narrowing
of the distributions of these variables. Tasks marked with an
“** presented significant changes (@ < .001) across sessions.

Regression models were used to test for dependence be-
tween measured cognitive abilities and dimensions of task
skill. Specifically, individual linear regression models were
fit to predict each dimension of cooperative task skill based
on individual measures of cognitive ability. Simple linear
regression models were used here, as opposed multivariable
models, in the interest of parsimony and interpretability.

Individual models were used for each cognitive ability, be-
cause, possible presence of partial overlaps in the executive
processes involved in various cognitive tasks can lead to cor-
relations between performance in these tasks (Burgoyne et al.,
2022). These correlations can, in turn, lead to multicollinear-
ity among independent variables, which can have unintended
consequences on the covariance structure of regression mod-
els, creating challenges for reliable interpretation of model
parameters (Morrison, 2003; Nye et al., 2022). Approaches
for dealing with multicollinearity in multiple-regression mod-
els (Paul, 2008; Schroeder et al., 1990) also come at the cost
of interpretability of the resulting models. Therefore, we
follow Morrison’s recommendation of fitting multiple simple
regression models instead (Morrison, 2003).

Finally, simple regression models were also used here (as
opposed to multilevel models) to avoid issues with estima-
tion biases and misrepresentation of result significance often
cause by small sample-sizes at level 2 (Maas & Hox, 2005;
Stegmueller, 2013). Since we only have data from 16 teams,
fitting multilevel models can lead to erroneous results.

Results

RQ1: Change in Cognitive Abilities

Paired samples t-tests were performed on the transformed CTB
data to test for statistically significant changes in performance
between the two CTB sessions (sessions 1 and 11) for the
six cognitive tasks (results provided in Table 1). Additionally,
since we are performing multiple comparisons, we run the risk
of erroneous inferences due to sample bias. To mitigate this
risk, the Bonferroni Correction (Dunn, 1961) was employed
to adjust the « value for significance testing, with an initial «
of 0.05. The corrected value of @ was approximately 0.008.
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Table 2: Model summary (coefficient for task score, along
with p-value and adjusted R? for the model) for all regression
models fit to predict coordination performance in the CAT
based on performance scores from all 7 cognitive tasks. Sig-
nificant p-vales (@ < .05) are marked with an asterisk (*).

Significant changes were observed for performances in the
Anti-saccade, Fitts’, and Flanker tasks, with a < 0.008.

RQ2: Cognitive Abilities and Teamwork Skill

Teamwork skill in the CAT was derived from the average
number of orders (per game) a player contributed to, in a
single session, which consists of 8 games. This is distinct
from an individual’s task skill, as it necessitates anticipating
task requirements based on other’s actions (in real time), and
adapting one’s own actions in response. Since cognitive abil-
ities were measured twice during the study (sessions 1 and
11), we measured teamwork performance in the two (tempo-
rally) nearest game sessions (sessions 2 and 10) to test for
dependence between cognitive abilities and teamwork skill.

Two sets of six regression models (two models per CTB
task) were fit to the data: (1) Set 1: performance scores
from the first CTB session (session 1) were used to predict
teamwork performance for the first game session (session 2).
(2) Set 2: performance scores from the second CTB session
(session 11) were used to predict teamwork performance in the
last game session (session 10). Additionally, since the RAPM
task was only performed once (in session 6), the performance
score from that session was used to predict teamwork perfor-
mance for both sessions 2 and 10. All model fit results are
summarized in Table 2.

Results of the first set of regression models suggest that
player performance in the Corsi Block-Tapping task in the
first CTB session and the RAPM task (from session 6) sig-
nificantly predicted teamwork performance in the first game
session. However, the model fits from set 2 imply that scores
for Anti-Saccade and Flanker tasks from the second CTB
session predicted teamwork performance in the last game ses-
sion. This indicates a potential shift in reliance on specific
cognitive abilities (from analytical intelligence and memory
to attention control) at different levels of teamwork skill. In
addition, the small effect sizes (R? ~ 0.05) of significant fits
in the second CTB session also suggest that other factors (such
as team familiarity (Banerjee & Gray, 2023) or cognitive abil-

Test-Retest (CTB) Tasks : Fit Summary Test-Retest (CTB) Tasks : Fit Summary
Task Set 1 Set 2 Task CTB 1 CTB 2
Coeff. p-Val. [ Adj. R? Coeff. [ p-Val. [ Adj. R? Coeff. p-Val. [ Adj. R? Coeff. | p-Val. [ Adj. R?
Anti-Saccade -0.42 .058 .041 -0.48 .04 .052 Anti-Saccade -0.195 236 .007 -0.324 .077 .035
Corsi 125.84 .009* .089 -18.38 .693 -.013 Corsi 59.77 .096 .029 90.52 01%* .087
Hick-Hyman || -3.94E+5 181 .013 -4.44E+5 | .156 .017 Hick-Hyman || -4.43E+5 | .037* .053 -6.42E+5 | .007* .097
Fitts’ -0.9 226 .008 0.599 .303 .001 Fitts’ -0.675 214 .009 -0.362 426 -.006
Flanker -3.08E+5 | .242 .006 -6.14E+5 | .039% .052 Flanker -2.76E+5 | .148 .018 -2.22E+5 | .343 -.001
Go-Nogo -223.1 .288 .002 -188.5 359 -.002 Go-Nogo -167.4 286 .003 -133 427 -.006
Single-Session Task : Fit Summary Single-Session Task : Fit Summary
Task Session 2 Session 10 Task Coeff. p-Val. Adj. R?
Coeff. p-Val. | Adj. R? Coeff. [ p-Val. | Adj. R? RAPM 2056 022+ 068
RAPM -1.08 <.001* 152 -0.057 .858 -.016

Table 3: Model summary (coefficient for task score, along
with p-value and adjusted R? for the model) for all regression
models fit to predict task performance in the CAT based on
performance scores from all 7 cognitive tasks. Significant
p-vales (@ < .05) are marked with an asterisk (*).

ities not included in the current analysis) may have supported
teamwork skill at later stages of practice.

Further, coeflicients for regression models fitted to the Anti-
Saccade, RAPM, and Flanker task data were negative, while
the coefficient for the Corsi task was positive. In each case, the
coeflicients suggest that performance in the task was positively
linked to teamwork performance in the game. The coefficients
for the three tasks, except the Corsi task, are negative because
lower values of the inverse efficiency metric indicate greater
performance in the tasks.

RQ3: Cognitive Abilities and Taskwork SKkill

Individual task performance in the game was measured in the
divided kitchen layout. Taskwork skill was calculated as the
average number of orders prepared by a player across all 4
games played in this kitchen.

The divided kitchen was incorporated in games from the
5t and 6 game sessions (Sessions 7 and 8). Therefore, by
virtue of temporal proximity, it would be rational to rely solely
on data from the second CTB session (Session 11) to test for
dependence between taskwork skill in the CAT and cognitive
abilities of players. However, to ensure scientific rigor, regres-
sion models were fit to data from both CTB sessions (Sessions
1 and 11). This way, any changes in predictive significance
between the two CTB sessions for the current analysis can
be cross-referenced with significant changes in performance
across the sessions reported in Table 1. Any inconsistencies
between the two could be an indication of spurious results.
The results of this analysis are summarized in Table 3.

Regression fit results suggest that RAPM task scores did
predict taskwork performance in the game. Further, perfor-
mance in the Hick-Hyman task for both CTB sessions dis-
played significant predictive power. Finally, performance in
the Corsi Block-Tapping task for the second CTB session was
also a significant predictor of taskwork performance. How-
ever, given that there was no significant change in performance
in the Corsi task between the two sessions (Table 1), the predic-
tive significance of the task for taskwork performance should
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have also remained the same for both regression models in
Table 3. This implies that the model significance for the two
regression models for the Corsi task may be unreliable. The
coefficients for regression models fitted to the Hick-Hyman
and RAPM task data are negative, suggesting a direct rela-
tionship between taskwork performance and performance in
these tasks.

Discussion and Concluding Remarks

We performed statistical analyses to identify associations be-
tween cognitive abilities and performance in a complex coop-
erative task. A cooperative cooking game called the ‘Cooper-
ative Action Task’ (CAT) was used for the study. Teamwork
performance in the CAT was measured at the beginning and
end of the study (sessions 2 and 10), while taskwork perfor-
mance was measured once towards the middle of the study
(sessions 5 and 6). A Cognitive Task Battery (CTB) of 6 tasks
was also administered at the beginning and end of the study
(sessions 1 and 11). Finally, participants were also adminis-
tered the Raven’s Advanced Progressive Matrices test during
the 6" session. Our analyses identified significant direct rela-
tionships between cognitive abilities and task performance.

Associations between teamwork skill (in the CAT) and cog-
nitive abilities (Table 2) suggest that players may have re-
lied on visuospatial working memory to coordinate with their
peers when they first started playing the game, but by the
end of the study, attentional control abilities became the rel-
evant discriminator for teamwork performance in the game.
The implication being that players may have initially found
it challenging to keep track of items in the kitchen, but with
familiarity with the task, they found strategies that allowed
them to do so. However, increased skill with time may have
led to higher gameplay activities, which placed greater loads
on attentional control abilities for efficient coordination.

The increased dependence on attentional control was fur-
ther supported by marked improvements in performance for
the Anti-saccade and Flanker tasks in the second CTB ses-
sion (Table 1). While previous research does provide evi-
dence which suggests that both visuospatial working memory
(Blacker et al., 2014; Toril et al., 2016) and attentional control
abilities (Dale et al., 2020; Valls-Serrano et al., 2022) sup-
port performance in complex tasks such as video games, the
current results further indicate that these relationships may
change with expertise in a task.

Results of regression fits for taskwork skill in the CAT
(Table 3) suggest that only information processing capacity
predicted performance in the CAT. Higher information pro-
cessing capacity may have allowed some players to develop
more efficient game strategies in this case, as complex tasks
usually require making decisions based on many contextual
factors. This result is consistent with reports from previous
work showing large effects of game skill on the efficiency of
information processing, with increased decision complexity
(Jiang et al., 2020; Powers et al., 2013).

Analytic intelligence (measured by the RAPM task) was

found to be a reliable predictor of both taskwork and team-
work performance (Tables 2 and 3). However, it only predicted
teamwork performance in the first game session. This may
be because players with superior analytic intelligence were
able to fully understand the game mechanics sooner than their
peers, however, intelligence was no longer beneficial once
players sufficiently learned the task. In fact, it has been sug-
gested that prior knowledge about a complex task mediates
the relationship between intelligence and performance in the
task (Weise et al., 2020).

In the case of the Fitts® task, although a considerable im-
provement in performance was observed in the second CTB
session (Table 1), it did not predict teamwork or taskwork per-
formance in the CAT. No significant changes were observed
in performance for the Go-Nogo task between the CTB ses-
sions, and performance in the task did not predict teamwork or
taskwork performance in the CAT. Indeed, earlier investiga-
tions also found no significant association between response
inhibition and performance in action (Colzato et al., 2012)
and strategy games (Leong et al., 2022).

The results can be summarized as follows: (1) certain cogni-
tive abilities may be improved with training in complex tasks;
(2) distinct cognitive abilities support taskwork and teamwork
performance in complex cooperative tasks; and (3) humans
likely rely on different cognitive abilities to engage the same
behavior at different levels of expertise. Although, numerous
studies have confirmed the beneficial effects of complex task
training on cognitive abilities in the past (Bavelier & Green,
2019; Bediou et al., 2018; Choi et al., 2020; Kowal et al.,
2018), to our knowledge, there is no previous research on
the variations in cognitive abilities that support team perfor-
mance across the two dimensions of team skill (taskwork and
teamwork), at different stages of expertise.

Limitations Finally, given the novelty of the adopted re-
search methodology and sample size limitations, caution is
advised about drawing strong conclusions from these results.
The present study makes no claims regarding the cross-task
generalizability of the observed relationships between specific
cognitive abilities and individual cooperative skills. Instead,
the purpose of this study is to hopefully demonstrate that these
relationships do in fact exist, and that investigations into such
relationships in various tasks may help us better understand
team performance in cooperative tasks. In addition, team
tasks are more dynamic and complex than individual tasks
as a result of inherent variabilities in team structure (Cooke
et al., 2023). This property presents an additional dimension
of complexity, which may be exploited to test the robustness
of these results. Follow-up studies might also consider a
greater range of cognitive abilities, maybe ones that account
for social skills. In summary, this study may be considered a
demonstration of an approach and an early exploration of the
relationship between cognitive abilities and cooperative task
skills. Future endeavors can build and expand on the current
approach.
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