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ABSTRACT

Skill decay is the decrement in performance on acquired knowledge and skills
after a period of nonuse. Although there is a fair amount of work on individual
skill decay, the literature on team-level skill decay is very limited. Thus, using
a synthetic task environment, the objective of this study was to compare
individual and team performance in terms of skill acquisition, retention
(decay), and reacquisition. Eighty-one individuals in 27 three-person teams
were trained to perform a complex computer-based simulation. The initial
acquisition phase comprised a 2-day, 5-hour training protocol. After an aver-
age 73.33-day nonuse interval (SD = 30.18), participants returned for a 2-hour
reacquisition session. Participants completed the performance task as both
individuals and teams. The results indicated that, compared to individual
performance, team performance improved faster during the skill acquisition
phase. However, unlike individual performance, the amount of decay for team
performance was dependent on whether the first retention performance
session for team members was performed as individuals—where trainees
had the opportunity to perform all components of the task—or as a team,
with the latter resulting in the most decay. By extension, these results highlight
the impact of a relatively brief individual post-retention (nonuse) interval
training to mitigate team skill decay. In short, our results indicate that a little
individual practice can go a long way toward maintaining team retention
performance, but in contrast, a little team practice does not do the same for
individual retention performance.

Skill decay refers to observed decrements in acquired skills (or knowledge) after a period of nonuse,
that is, a retention interval (Arthur et al., 1998). Skill decay is particularly salient in situations where
individuals and teams do not receive refresher training, cannot regularly perform acquired skills, or
only perform these skills after extended nonuse/retention intervals where they are expected to perform
at full proficiency. While there has been a continued interest in skill and knowledge decay in the both
the scholarly and applied literatures, most of this has focused on individuals with very limited
attention to teams. Consistent with this, a detailed search of the pertinent literature from 2012-2024
identified 67 individual skill decay papers, but only three team skill decay papers (see Figure 1'), all of
which were chapters in edited volumes; lending support to the summary statement that there has been
a dearth of discussion about or research on team skill decay or loss.
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Figure 1. Frequency plot of published and unpublished papers on individual and team skill decay in the past 12 years (2012-2024).

The limited attention to team skill decay is in sharp contrast to the rich and voluminous
literature on team training and team skill acquisition (e.g., Hughes et al., 2016; Jarrett et al., 2016;
Keiser & Arthur, 2021, 2022; Salas et al.,, 2008b; Villado & Arthur, 2013). Consequently, an
examination of team skill decay and the equally important issue of reacquisition in an effort to
begin to fill these gaps in the literature is warranted for a host of reasons. First, as noted by
Schmidt and Bjork (1992), acquisition, retention/loss, and reacquisition are separate phenomena
that may yield different interpretations about the effectiveness of training interventions. That is,
consonant with the concept of desirable difficulties (Bjork, 1994; Bjork & Bjork, 2011), training
interventions that are effective in terms of acquisition may not necessarily be the most effective in
terms of long-term retention and/or reacquisition and vice versa. Thus, the team skill acquisition
literature may not necessarily generalize to or permit inferences about team skill decay and
reacquisition.

Second, the skill decay literature is predominantly characterized by the use of simple tasks such as
word lists, simple facts, and vocabulary words as examples (Arthur et al., 1998; Cepeda et al., 2008;
Sobel et al.,, 2011). Consequently, given the noted differences between simple and complex tasks, the
assumption that the decay or retention of cognitively complex decision-making tasks is similar to that
of simple tasks may be unfounded. For instance, complex tasks may be more resistant to skill decay
than simple tasks due to the deeper processing and learning engendered during training (Wang et al,,
2013). Similar observations about the importance of distinguishing simple from complex tasks have
been made by Klostermann et al. (2022) in the context of skill decay in high-risk industries.
Furthermore, as noted by Arthur and Day (2013a), compared to simple tasks, complex tasks involve
more task parameters such that complexity may covary with longer performance episodes. So, to fully
capture performance on complex tasks requires longer performance episodes to allow all task para-
meters to run their course. Longer retention tests in turn provide individuals and teams with more
opportunity to reacquaint themselves with the task. Consequently, complex tasks may appear more
resistant to skill loss because they provide inherent opportunities to reacquire skill on the retention
test.
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In spite of this, since Arthur et al.’s (1998) meta-analysis (see Wang et al., 2013 as well), there have
been a relatively small number of studies that have examined the decay of complex skills (e.g., Day
et al., 2001; Frank & Kluge, 2018, 2019; Kluge & Frank, 2014; May & Kahnweiler, 2000; Muiioz et al.,
2022; Sauer et al., 2000; Shebilske et al., 1999; Woollard et al., 2006), and the general pattern of results
from these albeit relatively small number of studies indicate that the magnitude and rate of skill decay
on complex tasks is quite different from that observed for simple tasks.

Third, although skill decay can also manifest in teams, the observed magnitude and patterns of skill
decay in individuals may not necessarily generalize to teams. This is because the interdependence that
characterizes teams—which “consist of two or more individuals who work interdependently, have
specific role assignments, perform specific tasks, and interact and coordinate to achieve a common
goal” (Arthur & Day, 2013b, p. 11)—may engender unique team-level processes that influence skill
acquisition, decay/retention, and reacquisition in a manner that is not germane to individuals. For
instance, teamwork processes may influence the way in which team members’ knowledge is acquired,
retrieved, and effectively implemented (Cooke et al., 2004). The presence of additional team-level
cognitive mechanisms such as shared mental models (DeChurch & Mesmer-Magnus, 2010a, 2010b;
Mohammed et al., 2010), transactive memory systems (Kozlowski & Ilgen, 2006), and cross-training
(Marks et al., 2002) suggest that team-level processes might even compensate for any decay occurring
at the individual level (Cooke et al., 2013). This perspective is consistent with Arthur et al.’s (2013)
finding that teams perform better than individuals in terms of transfer to novel tasks. By the same
token, the challenges of team processes may hinder teams’ ability to perform effectively during initial
skill acquisition, compared to the training of individuals. Thus, comparing individual and team skill
decay and reacquisition is critical given its potential to advance the field of complex-skill training.
However, with the exception of Arthur et al. (2013) and Cooke et al. (2013), we were unable to locate
any published empirical or conceptual reports on comparative examinations of individual and team
skill retention and reacquisition.

Arthur et al. (2013) describe and present a skill acquisition and retention study in which they
compare individual- and team-level acquisition, retention, and transfer on a complex command-and-
control simulation task with an 8-week nonuse/retention interval. Their results indicated that indivi-
duals and (three-person) teams displayed differing levels of skill acquisition and transfer, but similar
levels of retention. In addition, both individuals and teams displayed smaller levels of skill decay after
the 8-week nonuse/retention interval (d=-0.11 and —0.12, respectively) than researchers may be
inclined to anticipate—a finding they attribute to the complex nature of the task. Finally, the spacing of
practice (23-hour versus 2-minute intersession intervals), had a larger effect on individuals than teams.
However, Arthur et al. used a between-subjects design in which the individual data collection was
completed before the team data collection began. So, the use of a between-subject design coupled with
the sequential collection of the individual and team data instead of simultaneously with trainees being
randomly assigned to the team or individual conditions, pose reasonable queries about the equivalency
of the team and individual conditions and the resultant data. The present study addresses these
methodological concerns by using a within-subjects design.

In contrast to Arthur et al. (2013) who focused on taskwork, Cooke et al. (2013) focused on
teamwork by investigating the retention of team coordination skills. Specifically, the results of a series
of lab studies indicated that team coordination skills in a three-person unmanned aerial vehicle
command-and-control task decayed after a nonuse period of 10 weeks or sooner, although the loss
was short-lived. Furthermore, in examining the relative contributions of individual competency and
team interaction skills to the prediction of team performance decay, Cooke et al. concluded that team
performance decay is accounted for more by differences in team member interaction, than it is by
individual competency. Hence, Cooke et al.’s results support the proposition that team performance is
more than the sum of individual team member performance, and that team interaction processes play
a major role in differences in team skill retention.

So, given the relative nascency of the team skill decay literature, the present study sought to
compare individual and team skill acquisition, retention (decay), and reacquisition in the context of
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a synthetic task environment. Synthetic task environments (see Sitzmann, 2011) are tasks that simulate
and model the cognitive, information processing, psychological, and social processes and demands
that are present in operational environments. They are particularly well suited for training research
because they can be configured to simulate a wide range of conditions and events, and also allow for
the collection of detailed performance data. Examples of synthetic task environments in the literature
include computer-based simulators and desktop trainers, such as Steel Beasts Pro PE (eSim Games,
2007; Jarrett et al., 2016), Unmanned Aerial Vehicle-Synthetic Task Environment (Cooke & Shope,
2005; Gorman & Cooke, 2011), Unreal Tournament (Epic Games, Inc, 2004; Hughes et al., 2013), and
Space Fortress (Mane & Donchin, 1989; Schuelke et al., 2009). The present study used Crisis in the
Kodiak: Oilrig Search and Rescue (Arthur et al., 2011), which is a prototypical example of the types of
complex synthetic task environments used in lab-based team training research. In summary, con-
sonant with the preceding review, the present study sought to answer the following question:

Research Question: Is team performance, in terms of (a) skill acquisition, (b) retention (decay), and
(c) reacquisition in the context of a synthetic task environment, different or the same as that for
individual performance?

Method
Participants

Participants were recruited from the research participant pool of the psychology department at a large
southwest U.S. university. The study protocol was approved by the Institutional Review Board of the
first author’s university and adheres to the tenets of the Declaration of Helsinki. The sample comprised
81 individuals randomly assigned to 27 three-person teams” and was 71.60% female with a mean age of
18.79 years (SD = 1.15). A 3-point (1 = novice 2 = average and 3 = expert) single item was used to assess
participants’ video game experience. Only ten participants (12.35%) self-described as expert with the
majority describing themselves as average (n=39 48.15%) or novice (n=32 39.51%) video game
players. Participation in the acquisition phase of the study fulfilled a course requirement. However, to
encourage participants to return to complete the remainder of the study after the scheduled 6-week
nonuse interval, they were paid $30 for the reacquisition phase of the study. Furthermore, to motivate
participants to perform well, they were also eligible to earn a monetary reward of $80, $40, or $20 (per
team member) for teams that attained the three highest average team performance scores, respectively.
Similarly, participants were also eligible to earn a monetary reward of $80, $40, or $20 (per individual)
for individuals who attained the three highest average individual performance scores, respectively.
Thus, participants could earn performance rewards for their individual and team performance,
independently.

Measures

Performance task - Crisis in the Kodiak: Oilrig Search and Rescue (Crisis; Arthur et al., 2011)

Participants were trained to perform a dynamic, networked computer-based simulation. Crisis was
developed to permit trainees to perform the task as either individuals or teams. It was also designed to
not require any previous military or video game experience. Participants operated the simulator

2Whereas we had initially sought to run a larger number of teams, the final sample size was the result of the challenges encountered
in recruiting three-person teams spanning three separate days of data collection (Figure 3). Consequently, to provide an important
boundary condition to interpret the results, a post hoc power analysis was conducted. The results of this analysis indicated that the
final sample (n =27 teams) achieved a power of .82 to detect a statistically significant (p = .05) effect of d =0.71 between team
performance decay in two conditions. The effect size used for this post hoc power analysis is the most impactful finding observed
in the present study; namely, the difference between team performance decay across two trial order conditions (individual mission
followed by team mission, and vice versa).
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through a command-and-control interface using networked desktop computers with two monitors,
a keyboard, and a mouse. Participants performed the individual and team missions in the same room
at their own computer stations. During team missions, participants communicated with each other via
voice-activated microphones and headsets. A full and detailed description of this training task is
reported in Arthur et al. (2011), and Figure 2 presents a screen capture of the game screen.

Crisis in the Kodiak Missions. Participants operated the simulator either collectively as
a three-person team (taking on specialized roles), or as individuals (performing all roles
simultaneously). Crisis is a disaster response simulation that was developed to include task,
goal, and feedback interdependencies. Missions included the roles of oilrig workers, helicopter
aviators, and boat captains tasked with responding to an off-shore oilrig explosion. When
performing as a team, each team operated nine platforms (three for each role) to achieve two
goals of shutting off oil valves and rescuing survivors, and each team member coordinated the
three platforms that comprised his or her assigned role. Platforms had unique capabilities that
were used individually and interactively to accomplish mission objectives. Each of these three
types of platforms varied in its capacities on six different dimensions: (1) range of vision, (2)
speed of movement, (3) type of movement (land, air, and sea), (4) type of capabilities (alternate
methods for putting out fires and healing survivors), (5) range of capabilities, and (6) ability to
pick up survivors. Each mission lasted 10 minutes. When performing as individuals, participants
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Figure 2. Example screenshot of the Crisis in the Kodiak: Oilrig Search and Rescue simulation.

Note. This screenshot depicts Crisis from the perspective of a helicopter aviator during a team mission. A sequence of simultaneous
engagements identified by red lines is occurring on the oilrig platform in this screenshot. On the right side, the helicopter aviator is
using two helicopters (Helo 1 and Helo 3, respectfully) to extinguish structural fires on the oilrig. In the bottom left, the oilrig worker
is using three workers (OW1, OW2, OW3) to extinguish a chemical fire, while also simultaneously using a single worker (OW3) to
extinguish another fire. The boat captain is present during this engagement, but not depicted in this screenshot.
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Figure 3. Overview of data collection procedure.

Note. Individual and team missions were counterbalanced for order effects. Missions lasted a maximum of 10 minutes, preceded
by a two-minute briefing/planning period.?Participants were provided with an overview and familiarization with the simulation’s
interface and goals.

controlled all nine platforms simultaneously. Otherwise, the individual and team missions were
identical.

Points were earned for survivors healed (10 points per survivor stabilized), survivors rescued (10
points per healed survivor picked up), and oil valves shut off (50 points per valve shut off). Each
mission had 20 survivors and four oil valves; thus, the maximum attainable score for individual or
team performance was 600 points. The method used to determine performance scores was explained
to participants during training and scores were available during mission performance.

Procedure

Participants self-selected into available three-person lab time slots and upon arrival at the lab they
were randomly assigned to one of three team roles (oilrig workers, helicopter aviators, or boat
captains). Three-person teams operated the simulator collectively for team missions and individually
for individual missions over the course of the study. The study protocol consisted of three phases: an
acquisition, retention, and reacquisition phase. The acquisition phase was a 2-day protocol, 2% hours
long for each day with the two days being separated by a 48-hour interval. Figure 3 presents an
overview of the study and data collection procedure.

Importantly, the order of team and individual missions® (baseline and test missions) was counter-
balanced. The rationale for counterbalancing the individual and team missions was that the learning
that results from performing as an individual (or as a team) might carry over to subsequent team (or
individual) mission performance, thus confounding team (or individual) performance with practice
effects. This was deemed particularly relevant for interpreting retention performance scores. That is,

*The terms mission, performance episode, and trial are used interchangeably. However, the term “mission” as used here in the paper
is specific to the context of the specific task (i.e., Crisis missions). In contrast, “performance episode” and “trial” are more generic
and are therefore used in reference to and following from the broader skill acquisition and decay literature.
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the amount of decay should be higher for the first team (or individual) mission than the amount of
decay of subsequent individual (or team) missions.

It is important to note that because mission order was counterbalanced during acquisition,
due to attrition more participants performed the task first as individuals and then as a team.
Specifically, 17 teams performed the task first as individuals and then with their correspond-
ing team, whereas 10 teams performed the task in reverse order. Conversely, 51 individuals
performed the task first as individuals and then as a team, whereas 30 individuals performed
the task in reverse order.

Acquisition

On Day 1 of the acquisition phase, participants first completed individual and team baseline
missions on the performance task. Then, participants received prerecorded in-role and interposi-
tional tutorials, which were self-guided and interactive. Following the tutorials, participants
completed unscored individual and team practice missions. A task aid (see Figure 4) was available
onscreen (of the second monitor) during training (both acquisition and reacquisition) and
performance. Participants then completed six missions (three individual and three team missions),
alternating between individual and team missions. As previously noted, the order of individual
and team missions was counterbalanced such that about half of the participants completed an
individual mission followed by a team mission, whereas the other half completed a team mission
first and then an individual mission. Prior to all team missions, participants engaged in 2 minutes
of planning with their teammates where they were encouraged to formulate a mission strategy.
Day 2 of acquisition was 48 hours after Day 1, and on returning to the lab, participants completed

Crisis in the Kodiak: Oilrig Search and Rescue

Training Aid
Fire ‘What is needed to put out the fire?
Structural Fire Water extinguishing
Electrical Fire Chemical extinguishing
Qil Fire Water extinguishing and Chemical extinguishing
Injury ‘What is needed to heal the injury?
Burn Bandages and oxygen
Hypothermia Blankets and oxygen
Hemorrhage Blankets and bandages
Platform Available Available
0 First Aid Items Fire Extinguishing Capabilities
o Bandages Water extinguishing
Oilrig Worker Oxygen Chemical extinguishing
Blankets L
Boat Oxygen Water extinguishing
. Blankets . L
Helicopter Bandages Chemical extinguishing

Figure 4. Onscreen Task/Training aid.

Note. For all Crisis missions, participants engaged with the simulation on their right-hand monitor, while the task/training aid was
provided to participants on their left-hand monitor. Both the Crisis missions and task/training aid were full-screen and thus covered
the entire space of their respective (dual) monitors.
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two additional individual and two team missions, alternately. Again, the order of individual and
team missions was counterbalanced.

Retention and reacquisition

Participants returned to the lab to complete the retention and reacquisition phase of the study an
average of 73.33 days (SD = 30.18 days, minimum = 40 days, maximum = 169 days, median = 61 days)
after Day 2. Participants were scheduled with the goal of at least a 6-week (i.e., 42-day) nonuse interval,
however, this was not fixed due to the challenges of scheduling participants between semesters. There
was no maximum cut off. Like the acquisition phase, the order of individual and team missions was
once again counterbalanced, maintaining the acquisition phase order such that if a team completed
individual before team missions at acquisition, then they also completed individual before team
missions during the retention/reacquisition phase as well. Again, as indicated in Figure 3, prior to
all team missions, participants engaged in 2 minutes of planning with their teammates.

Data analysis

Data analysis followed Bliese and Lang’s (2016) multilevel approach for modeling discontinuous
growth models, implemented with the R package nlme (Version 3.1-162; Pinheiro et al., 2023). In
this analytical approach, several time variables are introduced to represent linear change during
acquisition, decay, and reacquisition (recovery). Although time can be coded to represent either
relative or absolute change in performance, only the latter was utilized to examine the present research
questions (see Bliese & Lang, 2016 for further details). Accordingly, the time coding presented in
Table 1 reflects absolute change and should be interpreted as follows. First, the TIME variable
represents the average increase (or decrease) in performance per additional session during acquisi-
tion—that is, the sample’s average performance change from Session 0 (baseline performance) to
Session 4 (end of acquisition). Second, a transition variable (TRANS) was introduced to represent
performance changes between the last acquisition session (Session 4) and the retention session
(Session 5). Given the particular way in which TIME was coded, the TRANS variable here represents
absolute change in performance following the nonuse period. Thus, the coefficient for TRANS reflects
the (raw) average score difference between Session 4 and Session 5, where the sign of the TRANS
variable reflects the direction of said difference such that, for instance, a negative coefficient for
TRANS indicates that performance scores decreased after the nonuse period. Third, the recovery
variable (RECOV) represents the rate of change during reacquisition (or recovery) after the nonuse
period. Finally, the squared versions of the TIME and RECOV variables (TIME.SQ and RECOV.SQ)
were introduced to test for potential non-linear performance trajectories during acquisition and
reacquisition.

After establishing a baseline model for the full sample, additional models were estimated to
compare individual and team skill acquisition, retention (decay), and reacquisition. Specifically,
potential interaction effects between performance conditions (individual vs. team) and the time

Table 1. Coding of time variables for examining acquisition, decay, and recovery (reacquisition).

Session TIME TRANS RECOV TIME.SQ RECOV.SQ
0 0 0 0 0 0

1 1 0 0 1 0

2 2 0 0 4 0

3 3 0 0 9 0

4 4 0 0 16 0
Nonuse period

5 4 1 0 16 0

6 4 1 1 16 1

7 4 1 2 16 4

Note. TIME = acquisition; TRANS = transition (decay); RECOV = recovery; SQ = squared.
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variables were examined to determine the extent to which skill acquisition, retention (decay), and
reacquisition performance varied across individual and team performance. For instance, a statistically
significant interaction between condition and TRANS would demonstrate the presence of differences
between individual and team performance decay. In addition to the statistical significance test for each
effect, we contrasted each new model to the preceding one using log-likelihood ratios (LR) and provide
adjusted effect sizes analogous to Hedges’s g (Pustejovsky et al., 2014).

Results

Individual- and team-level performance descriptive statistics and intercorrelations are presented in
Table 2. The extremely low baseline scores (and variance) are not surprising given the complexity of
the task coupled with participants having no previous experience with it (correlation with video game
experience = —.05, p >.05). To address the study’s objective of comparing skill acquisition, retention
(decay/loss), and reacquisition for individual and team performance on a complex task, as previously
noted, the data were analyzed per Bliese and Lang’s (2016) multilevel approach for modeling
discontinuous growth models. The results of these analyses are presented in Table 3.

Baseline model

The purpose of Models 1 through 4 was to establish a baseline model for comparing, at a later point,
the trajectory of team and individual performance across acquisition, retention, and reacquisition.
Model 1 in Table 3 was estimated using only the change parameters (TIME, TRANS, and RECOV).
Model 1 included a term to account for autocorrelation because adding this term improved model fit
significantly in comparison to a model without it, LR = 91.30, p <.05. This was not surprising because
adjacent performance events tend to be more (positively) correlated than more distal performance
events. Model 2 included the nonlinear effects for TIME and RECOV (TIME.SQ and RECOV.SQ,
respectively). Compared to Model 1, Model 2 overall fit was significantly better, LR = 18.31, p <.05.
Finally, the subsequent model (Model 3) included the random effects for TIME, TIME.SQ, TRANS,
and RECOV (but not RECOV.SQ). This model offered a significant improvement in model fit,
LR =206.51, p < .05, suggesting that meaningful differences in acquisition, retention, and reacquisition
could be explained by including additional (Level 2) variables. Dropping random effect covariances
from Model 3 improved model fit even further, LR = 90.37, p <.05.

As previously noted, there was some variation in the length of the nonuse interval (i.e., the
number of days that elapsed between the acquisition and reacquisition sessions). To examine
this effect, the nonuse interval was mean-centered and then included as a predictor in the
model. Model 4 shows a negative TRANS x Nonuse-interval interaction, which suggests an

Table 2. Individual and team performance descriptive statistics and intercorrelations amongst study variables.

Team performance

Individual performance M sD 1 2 3 4 5 6
1. Video game experience 173 0.67 - 18 .03 12 15 .03
2. Performance (Session 0) 3.83 17.65 -.05 - .30 A7* .28 =21
3. Performance (Session 4) 141.48 83.25 25% .09 - A4* 32 —.35%
4. Performance (Session 5) 86.25 70.75 29% .09 .64% - 49% -.18
5. Performance (Session 7) 162.10 80.39 19% .07 67* 66* - -.25
6. Nonuse interval 73.33 30.18 .00 18 -.02 —.28% -.23* -
M - - 1.71 741 278.52 210.74 299.26 73.33
sSD - - 0.37 18.31 83.42 112.69 91.52 30.57

Note. Individual performance correlations are below the diagonal, and team performance correlations are above the diagonal.
Individual N = 81, Team N = 27. Nonuse interval is in days. Session 0 = baseline, Session 4 = end of acquisition, Session 5 = retention,
and Session 7 =reacquisition.

*p < .05 (two-tailed).
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Figure 5. Individual and team performance scores during acquisition, retention (decay) and reacquisition by trial order (individual
mission followed by team mission, and vice versa).

Note. N=108 (81 individuals, 27 teams). Participants from 17 teams performed the task first as individuals and then with their
corresponding team (individual — team) whereas 10 teams performed the task in reversed order (team — individual). Conversely,
51 individuals performed the task first as individuals and then as a team (individual — team) whereas 30 individuals performed the
task in reversed order (team — individual). Nonuse period occurred between Session 4 and 5 (gray line). Error bars represent
standard errors.

average decrease in performance of 0.60 points per day following the end-of-acquisition
session. Model 4 also takes into account the counterbalancing of team and individual missions
(i.e., trial order), and the RECOV x Trial order effect—which was the only statistically sig-
nificant interaction between trial order and the change parameters. Specifically, participants
from 17 teams (51 individuals) performed the task first as individuals and then with their
corresponding team, whereas 10 teams (30 individuals) performed the task in reverse order.
Consequently, Model 4—which included the linear and nonlinear time effects, the set of
(uncorrelated) random effects mentioned previously, and the (mean-centered) nonuse interval
and trial order as covariates—served as the baseline model for subsequent analyses.

Team vs. Individual acquisition

Model 5 indicated a general improvement in performance from baseline to end-of-acquisition.
Specifically, performance increased by 44.50 points per trial (on average). However, as indicated by
the positive TIME x Condition interaction, team performance improved faster than individual per-
formance (y = 67.27, g=1.27,95% CI [0.77, 1.76]) during acquisition. In addition, the negative TIME.
SQ x Condition interaction (y = —9.22, g = -0.18, 95% CI [-0.30, —0.07]) indicates that, in comparison
to individual performance, the rate of acquisition of team performance slowed down faster toward the
end-of-acquisition (see Figure 5).
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Team vs. Individual retention and reacquisition

The TRANS x Condition term in Model 5 suggested that team and individual performance did not
differ in the magnitude of decay after the nonuse period (y = -2.68, g=-0.05, 95% CI [-0.52, 0.43]).
However, because Model 5 did not take into account the effect of trial order on retention, two
additional models (Model 6 and 7) were estimated. Model 6 showed a statistically significant
Condition x Trial order interaction. Consequently, a three-way interaction (TRANS x Condition x
Trial order) was introduced in Model 7 to determine the magnitude of decay in task performance in
tandem with the trial order effect. The significant effect of the TRANS x Condition x Trial Order
interaction (y = -57.92, g=-1.07, 95% CI [-1.91, —0.21]) suggests that trial order affected retention
performance (Figure 5). A simple effects analysis indicated that the difference between end-of-
acquisition performance and retention performance for teams whose members first performed the
task as a team (As_sq =114.21-207.36 = -93.15) and those who first performed it as individuals
(Ats_ta = 198.81-233.76 = —34.95) was significant, y =-58.20, g=-1.07, 95% CI [-1.84, —0.29]. In
contrast, performance decay for individual performance was about the same regardless of whether the
task was first performed as individuals (As_r4 = 60.07-113.65 = —53.58) or as a team (As_sq = 69.10-
-122.96 = -53.86) during retention, y = —0.28, g=-0.01, 95% CI [-0.48, 0.47].

The significant reacquisition parameters (RECOV and RECOV.SQ) in Models 1-4 indicate
a positive improvement in performance after the retention session with a slight deceleration from
Session 6 to 7. Differences between team and individual performance during reacquisition were
examined by comparing Model 5 to a model including a RECOV x Condition effect. Adding this
parameter did not improve model fit, LR = 0.69, p > .05. For completeness, a RECOV x Condition x
Trial order three-way interaction was added to Model 7 but the resultant model offered no improve-
ment in fit either, LR=5.09, p>.05. In fact, as can be seen in Table 3, the RECOV x Trial order
interaction was not statistically significant once the TRANS x Condition x Trial order was added to
Model 7.

In summary, the totality of the results indicates that, as expected, team performance on this
complex task was substantially higher than individual performance in all phases of performance
(i.e., acquisition, retention, and reacquisition). However, as illustrated in Figure 5, the amount of
loss/decay was a function of whether the first retention mission was performed as individuals or as
a team. Specifically, team performance when the first retention mission was performed as a team
displayed the greatest skill decay.” Finally, although team reacquisition performance improved at
a slightly faster rate than that for individual performance, the differences were not statistically
significant.

Discussion

As previously noted, there has been a very limited amount of team skill decay research, let alone
a comparison of team versus individual skill decay. Whereas team performance improved faster
during acquisition and reacquisition, although the latter was not statistically significant,
a noteworthy finding of the present study is that team performance after the nonuse interval (i.e.,
decay) was contingent on the nature of the first retention mission. Specifically, team performance loss
was the largest when participants performed the first retention mission as teams. In contrast, decay for
individual performance was similar regardless of whether the first retention mission was first

“A reviewer raised the possibility that this finding was confounded by differences in the length of the nonuse interval across trial
order conditions. In response to the reviewer’'s comment, we ran some additional post hoc analyses to explore potential differences
in the nonuse interval for each condition, the findings from which are presented in the online supplementary materials (Tables S1
and S2 and Figures S1 and S2). A summary conclusion based on the findings from these analyses is that there appears to be no
indication that the trial order effects are attributable to differences in the length of the nonuse interval; overall, the length of the
nonuse interval for the individual — team (M =74.39 days, SD =34.01) and team — individual (M =71.70 days, SD = 22.18) trial
order conditions is comparable (d = 0.09).
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performed as individuals or as a team. Thus, for individual performance loss, the order of the first
retention mission did not make a difference.

The abovementioned results are congruent with the interdependent nature of the team task. When
participants performed the first retention session as teams, they performed the tasks associated with
only one of the three available roles (i.e., oilrig worker, helicopter aviator, or boat captain). Not
surprisingly, their subsequent individual performance—that involved performing all the three roles
simultaneously—did not seem to have benefited from performing the preceding session as a team. In
contrast, team performance was enhanced when participants performed the first retention session as
individuals. These participants reacquired skills and knowledge germane to their role and the roles of
their teammates (Arthur & Day, 2013a). These results are consistent with Arthur and Day’s observa-
tion that complex tasks provide trainees with increased opportunity to relearn the task during the
retention phase because of the exposure to the various task parameters and components. Thus, from
an applied perspective, the results of the present study illustrate how a relatively brief individual post-
retention (nonuse) interval training session can mitigate decay (Arthur & Day, 2020), reducing the
time it takes for a team to regain proficiency after a relatively long period of nonuse. They also add to
the limited work—albeit individual-focused—on techniques to attenuate skill decay (e.g., Frank &
Kluge, 2018, 2019; Klostermann et al., 2022).

The serendipitous findings for team performance wherein the trial-order effect was observed after
the nonuse interval but not acquisition, further highlight the importance of recognizing that although
related, acquisition, retention, and reacquisition are distinct phenomena that in their totality can
provide insightful information about training (and education) programs. Indeed, as previously noted,
in recognition of a limitation of the tendency of the learning, training, and educational literatures to
study learning (i.e., immediate posttraining performance or amount of skill acquired) and retention
independently (Arthur et al., 1998, 2010; Schmidt & Bjork, 1992), Schmidt and Bjork (1992) empha-
sized that because acquisition (i.e., amount of skill acquired) and retention and transfer are indeed
separate phenomena, they may yield different interpretations of the effectiveness of training. To fully
understand the effects of a training condition or manipulation, one must measure its effects in not only
the acquisition phase but also the retention and transfer phases as well, as was the case here. Therefore,
a contribution of the present study is the assessment of complex skill performance in the context of
immediate posttraining performance (i.e., amount of skill acquired) and retention after an extended
period of nonuse (i.e., long-term retention).

From a research design perspective, the present study utilized a within-subject design wherein
participants performed the same task concurrently as individuals and as a team. That said, potential
order and carry over effects were addressed by counterbalancing the individual and team trials,
resulting in the serendipitous decay effects observed here. In addition, the nonuse interval of the
present study was on average about 73 days, a relatively long nonuse interval in the context of
academic research. For instance, in Wang et al.’s (2013) skill decay meta-analysis that was based on
111 data points (k), only three had nonuse intervals greater than 90 days and most (k=48) were
between 1-7 days. It is also noteworthy that the analytic approach for modeling growth used here
provided insights into the trajectory of skill acquisition, retention (decay), and reacquisition for team
and individual performance while accounting for a number of factors (e.g., nonuse interval, trial
order) that would not have been gained with more traditional analytical approaches (e.g., repeated-
measures ANOVA).

Consistent with Arthur and Day (2020), decay was operationalized as the difference between
immediate post-training and delayed posttest scores. Consonant with this operationalization,
a comparison between team and individual skill decay does not reveal, in and of itself, anything in
particular about the processes or mechanisms underlying skill decay. That said, the results suggest that
if the task permits the performance of the full task (or approximations of it) by individuals on the first
post-nonuse retention performance episode, then team skill decay will be minimized. This is con-
sistent with Arthur and Day’s (2013a) observation that performing a complex task after a period of
nonuse (even if it is relatively brief) has the unintended effect of mitigating the amount of skill loss by
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facilitating rapid reacquisition. Specifically, they note that complex tasks are characterized by more
task parameters and to allow all of these parameters to run their course, longer tests of performance are
required. Consequently, in the context of retention, these longer tests then naturally provide indivi-
duals with the opportunity to reacquaint themselves with the task as they test.

It is also noteworthy that the differences between team and individual performance were quite
large. This is consistent with previous research (e.g., Arthur et al., 1997; Day et al., 2005; Shebilske
et al,, 1992) which has clearly demonstrated that teams consistently outperform individuals.
A common feature of the present task (Crisis) and other similar synthetic tasks used in teams research
is that in the individual condition, participants control all elements of the task (e.g., oilrig workers,
helicopter aviators, and boat captains [3 each] in Crisis; and pilot-gunner, and mine-missile manager
in Space Fortress (see Arthur et al., 1997; Day et al., 2005; Shebilske et al., 1992). In contrast, in the team
condition, each of these roles is controlled by one person, thus, Crisis engenders 3-person teams and
Space Fortress 2-person teams. Consequently, it would not be inaccurate to conclude that for teams,
task difficulty for any given team member will be lower compared to that experienced by an individual
controlling all components, and therefore the reason why teams outperform individuals on these tasks.
However, because the amount of acquisition is one of the most robust predictors of skill loss
(individuals/teams who have acquired more skill have more to lose; hence, if one has not acquired
the skill, then one cannot lose it [Arthur & Day, 2020]), examinations of loss have to control for
acquisition. In doing so, the rank order of four conditions illustrated in Figure 5 indicated that the
amount of skill loss for team performance where the members performed the first retention episode as
individuals, displayed a level of skill loss (34-point drop) that was less but similar to that for the two
individual performance conditions (53-point drop). This is in contrast to team performance when the
first retention performance episode was performed as a team (93-point drop). Thus, the results are
consistent with the observation that for performance on most tasks, teams (compared to individuals)
have more to lose (Arthur & Day, 2020).

Limitations and suggestions for future research

There are obvious potential limitations of the present study that warrant acknowledgment. First,
although the post hoc power analysis indicated we had sufficient power, the number of teams was
nevertheless relatively small and by virtue of being a lab study, in spite of having a relatively long
nonuse interval compared to the extant literature, it used ad hoc teams whose members were young
college undergraduates, recruited from the research participant pool of a psychology department, and
also did not have any interactions with each other outside the lab, a situation that does not characterize
the typical operational team. Hence, these are important boundary conditions in generalizing the
findings to operational teams. The use of a synthetic task environment also warrants some discussion.
As reflected in Sitzmann (2011), although computer-based simulations of this sort have clear research
informative value and utility (high internal validity), they could also be described as “contrived” (low
ecological validity). However, it is recognized that “STEs [synthetic task environments] provide
a valuable compromise between the complexity of the real world, which is an important influence
on team [and individual] performance and critical for establishing externally valid results, and
experimental control, which is necessary to establish internally valid results.” (Salas et al., 2008a,
p. 543), which is reflected in their widespread use (Sitzmann, 2011).

A primary recommendation arising from our findings is that where possible, the first retention test
for teams should be performed individually. However, although this finding has a strong conceptually
basis (e.g., conditions of practice, where highly complex and organized tasks are best trained with
whole instead of part training), it was nevertheless serendipitous and thus needs to be replicated on an
a priori basis. The efficacy of this recommendation is also dependent on whether the operational team
task permits performance by an individual. However, even if it does not, it highlights the pivotal role
that cross-training could play in mitigating loss and enhancing reacquisition. If trainees cannot
perform the whole task as individuals, then maybe opportunities could be provided to perform the
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various components of the task (e.g., Shebilske and colleagues active interlocked modeling training
protocol [Arthur et al., 1997; Shebilske et al., 1992]). For instance, Volpe et al. (1996) showed that
interpositional clarification—instead of a full-fledged interpositional training—was sufficient to
enhance teamwork and team performance in the context of a relatively low interdependent task.
Likewise, Marks et al. (2002) found that positional modeling was just as effective at helping teams
develop shared mental models than cross training that involved direct hands-on experience in other
roles.

The potential advantageous effect of performing the first retention session for teams
individually, may also carry over into settings where the team roles during retention are the
same but team membership, either via turnover, substitution, or switching, is different
(Gorman & Cooke, 2011; Schulte et al.,, 2022). The effects of team member substitution
(switching, mixing, or turnover) has been discussed more so in in terms of its deleterious
effect on teamwork variables and processes, and less so on taskwork (Argote et al., 2018;
Gorman & Cooke, 2011; Summers et al., 2012; van der Vegt et al., 2010). Thus, giving
individuals (in teams) the opportunity to rapidly reacquire lost taskwork skills by performing
the first retention session as individuals could serve as a means to mitigate the overall loss of
performance (resulting primarily from teamwork loss) since taskwork loss is one less thing
with which they have to be concerned. Of course, these propositions need to be empirically
examined.

Finally, the present study focused exclusively on taskwork and thus, does not speak to teamwork
and other process variables (Cooke et al., 2013). Specifically, as previous noted, Cooke et al. examined
the retention of coordination skills. One could also examine additional team process variables such as
communication, team mental models, and even team efficacy. However, to the extent that these
variables require some interaction with team members, conceptually, one would not expect perfor-
mance on the first retention session as an individual to have much of, if any effect on these variables.
Nevertheless, future research might still seek to examine the generalizability of this effect to teamwork
and other team process variables. In conclusion, recognizing the obvious need to replicate our
serendipitous finding, as observed by a reviewer, our results indicate that a little individual practice
can go a long way toward maintaining team retention performance, but in contrast, a little team
practice does not do the same for individual retention performance.
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