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Purpose: It is presumed by many that acute sleep loss results in degraded in-game esports (competitive, organized video game play) 
performance. However, this has not been experimentally investigated to date. The objective of the current experiment was to elucidate 
whether ~29hrs of total sleep deprivation impacts in-game performance for the popular esport Rocket League.
Patients and Methods: Twenty skill-matched pairs (N = 40 total) were recruited. Within each pair, one participant was assigned to 
an intervention group (TSD), while the other was assigned to a control group (CON). Two test sessions occurred; one while both 
participants were rested (baseline), and the other while the CON participant was rested but the TSD participant was sleep deprived 
(experimental).
Results: Following total sleep deprivation, TSD participants reported higher Karolinska Sleepiness Scale-measured subjective 
sleepiness and lower subjective alertness and motivation, as well as worsened PVT response speed and ~5 times greater PVT lapse 
incidence, and worsened response speed on a two-choice categorization task. However, overall in-game Rocket League performance 
did not worsen due to total sleep deprivation. Exploratory analyses of performance indicators suggest a potential shift toward a simpler 
and safer strategy following sleep deprivation.
Conclusion: Following a bout of ~29hrs total sleep deprivation, overall in-game Rocket League performance remained unaffected. 
This presents as a promising finding given the high potential for acute pre-competition sleep disturbance in esports, though habitual 
sleep remains a concern for esport athletes.

Plain Language Summary: Esports are quite comfortably the fastest growing competitive activity worldwide. We performed the 
first experimental study exploring how an acute bout of sleep loss impacts in-game performance in any esport. We found 29 hours 
without sleep to have no impact on in-game outcome. This presents as a positive finding for esport athletes and coaches alike but 
certainly does not absolve sleep from being an impactful human factor within esports. Future studies should explore other esports with 
characteristics (ie, longer bouts of sustained attention, such as Multiplayer Online Battle Arena or MOBA esports) purportedly 
sensitive to sleep loss to see if the impact of sleep loss on esports performance is specific or agnostic to esport genre. 
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Introduction
Esports are by far the fastest growing competitive and high-performance activity worldwide. Defined as the competitive play 
of video games through the medium of cyberspace,1 esports are a key part of the gaming industry, which has a projected 
market value of €375billion in 2023.2 The value of esports as an industry can be largely attributed to the size of its audience 
and public engagement. With viewership estimates exceeding one billion individuals in 20203 (and growing yearly), esports is, 
and continues to be, an enticing arena for investment. As a result, companies such as Xfinity, Kraft Group, PepsiCo, FTX, Red 
Bull, Coca-Cola, BMW, Nike, Asos, Ralph Lauren, and DC Comics (to name a few), over 319 traditional sporting teams,4 as 
well as government organizations such as the US Army5 and Air Force, are either heavily invested in one or more esport teams, 
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or own an esport team themselves. In response to this prolific interest in esports, there is an ever-increasing interest in 
understanding the human factors which influence esport competition performance in order to maximize the success of players.

One frequently highlighted human factor is sleep, or more specifically, the disturbance/ loss of sleep experienced by 
players. Previously published literature has cited sleep loss in esports as a cause for concern specifically due to the potential 
adverse impact on in-game performance.6–11 These concerns about sleep loss impacting in-game esport performance appear to 
be shared with some esport athletes themselves.12,13 Habitually, on average, professional esport athletes obtain a similar 
amount of sleep to others in their demographic (mid-late teenagers/young adults, mostly male).8,10,14,15 However, esport 
athletes are characterized by incredibly late sleep onset (01:30–05:00) and wake (09:00–12:00) times on average, though large 
cultural/regional group level differences have been noted.10 Sleep efficiency has also been cited as a concern, with a large 
longitudinal study of 1243 nights of habitual esport player sleep data reporting a mean sleep efficiency of only 67.7%.15 

Additional concern regarding the habitual sleep of esport players is warranted, given that multiple studies report mean 
insomnia severity index values at or beyond the cut-off for insomnia8,10 and mean Pittsburgh Sleep Quality Index (PSQI) 
values well beyond the cut-off for poor sleep quality in this population,9,14 somewhat mirroring the poor PSQI assessed sleep 
quality prevalent within traditional sport athletes.16

Furthermore, while elite esport athletes share many of the well-cited risk factors of sub-optimal sleep of traditional- 
sport athletes (ie, pre-competition arousal/ anxiety, post-competition arousal, caffeine use, travel/jet-lag), there are further 
risk factors uniquely associated with esports. Firstly, as esports are (mostly) played through blue-light emitting computer 
monitors, there is a propensity for evening or night-time play leading to melatonin suppression, which purportedly can 
increase sleep latency and reduce sleep quality/quantity.17,18 Secondly, video games played as esports are cognitively/ 
physiologically arousing by design, and as such, evening or night competition can reduce sleep quality and quantity 
through heightened arousal.19,20 Such risk-factors have already been identified as potential mechanisms underlying 
associations between various sleep problems (poorer sleep quality, lower total sleep time [TST], increased prevalence 
of insomnia) and gaming frequency/duration.11 Tying these risk factors together is a culture among professional esport 
athletes which promotes (and seemingly necessitates) training and playing late at night and into the early hours of the 
morning.6,21 Overall, despite mean TSTs that are comparable to their peers, esport athletes are exposed to a cocktail of 
factors which together appear particularly conducive to bouts of acute sleep loss.

As mentioned, a common reason given for why sleep loss should be a major concern for esport athletes is that it can 
lead to in-game performance decrements. In contrast to many traditional sports, esports performance is predicated largely 
on cognitive abilities rather than physical abilities, leading some researchers to refer to esport athletes as cognitive 
athletes.1 Though specific cognitive demands differ between different esports,22,23 most esport titles (especially those 
considered action video games) require rapid perception, processing and integration of multisensory stimuli originating 
from various sources (taxing visuospatial working memory systems), alongside fast and accurate decision-making and 
responses through a peripheral device (keyboard/mouse/controller). Convincing evidence can be found for the robust 
cognitive demands of esports by looking at the now large body of quasi-experimental and intervention studies 
demonstrating how exposure to video games commonly played as esports improves aspects of cognition, even when 
tested outside of the specific game’s context.24–26 These improvements remain present even when disentangled from 
general improvements in motor execution.25 Robust evidence is present for such video games improving attentional 
capacities (particularly visual attention), information processing speed and accuracy, and cognitive flexibility (in 
particular, task-switching), speaking to the importance of such elements for gameplay success.

Simultaneously, it is understood that acute sleep loss (ie, total sleep deprivation/ sleep restriction) degrades 
performance in these same aspects of cognition.27,28 Though effects tend to be larger and more robust for simple (ie, 
Psychomotor Vigilance Task or PVT) rather than complex attentional tasks,28–31 sleep loss protocols have found response 
times and accuracy to worsen for tasks taxing visual attention, information processing, working memory, decision- 
making, and executive functioning. A specific aspect of executive functioning, cognitive flexibility, has been highlighted 
as a domain particularly susceptible to sleep loss.32–34 Given that task-switching ability (a primary component of 
cognitive flexibility35,36) appears to be important for esports performance, the degradation of task-switching performance 
through sleep loss has been previously highlighted as an avenue for sleep loss to impact esports performance.26
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Despite this logical link between sleep, cognition, and esports performance, there has been no formal investigation 
into the effects of experimentally induced sleep loss on esports performance. A controlled, experimental approach 
appears warranted to elucidate what (if any) observable effect acute sleep loss may have on the cognitive and in-game 
performance of esport players. Implications of such an experiment may be large for esport athletes and organizations 
alike, who have great desire to optimize every human factor which may impact their in-game performance.

The purpose of the current study is to explore how a bout of acute sleep deprivation (~29 hours awake) affects the 
cognitive and in-game performance of esport players in the esport Rocket League. Rocket League is a popular vehicular 
soccer video game, which averages ~90 million active players per month,37 and, as an esport, ranks 10th for most prize 
money earnt.38 This popularity allowing for the recruitment of a sufficient number of participants, alongside competitive 
play as individuals (1v1) allowing for a protocol without the extreme complexity that team-based video game play would 
present, short and predictable game lengths (5–10 min) allowing for multiple matches to occur within a predictable 
timeframe, and accessible in-game data and suitable performance indicators (PIs) and outcome measures,39 made Rocket 
League a desirable target video game.

The weight of evidence linking sleep loss to decreased cognitive performance, combined with the substantial 
cognitive demands of esports, leads us to hypothesize that sleep deprivation will worsen both cognitive (specifically, 
vigilance and task-switching performance) and in-game performance. We also aim to explore if (and how) certain 
established in-game Rocket League PIs are affected by sleep deprivation.

Materials and Methods
All procedures and data collection were approved by the Education and Health Sciences Research Ethics Committee 
(2021_06_13_EHS) and conducted in accordance with The Declaration of Helsinki.

Participants
Sample
An a priori power analysis was conducted, based on the predicted model structure for the primary analysis exploring the 
effect of total sleep deprivation on our overall in-game outcome measure, goal difference (GD), and following simulation 
processes outlined by DeBruine and Barr.40 The details of this power analysis can be found in supplementary file 1, 
however in short, we used an estimated effect size equivalent to the average effect size reported by a previous meta- 
analysis for the effect of total sleep deprivation on cognitive performance pooled across all included cognitive domains,28 

combined with estimated variance components obtained through analysis of large databases of Rocket League matches, 
and a predicted level of warranted random complexity. Using an alpha of 0.05, this power analysis suggested that 19 
player pairs were required to achieve a power of 0.8. Adding one pair for the sake of counterbalancing evenness, we 
sought to include 40 participants within the current study, allowing for 20 pairs.

Participants were recruited through flyers and emails distributed to university students, as well as through social media 
channels (ie, X/Discord). Forty-six young (18–35 years) adults provided written informed consent to participate in study. 
However, due to protocol non-adherence and participant drop-outs (13%), we obtained a final sample of 40 (19.88 ± 2.07 years, 1 
female) participants (20 pairs). Participants were eligible if they (a) habitually slept for six or more hours per night (as per the 
Sleep Duration recommendation within the Revised Research Diagnostic Criteria for Defining Normal Sleeping Controls 
(RRDC)),41 (b) had no history of diagnosed sleep disorders and (c) were not alcohol dependent nor were habitual users of 
other recreational drugs (besides tobacco). A summary of the included population can be found as supplementary table 1.

Participants were required to be players of the video game Rocket League. Participants were required to provide their 
in-game ranking using a rank tracking website.42 This website provides a constantly updated record of a given player’s 
in-game rank and matchmaking ranking (MMR). A player’s MMR is measured on a continuous scale and is indicative of 
expertise within the 1v1 game mode of Rocket League.39 Through the rank checking website, we obtained each 
participant’s highest and lowest 1v1 mmR over the most recent three months (at the time of eligibility questionnaire 
completion) and calculated the mean of these two values to represent the participants current expertise level. 
Additionally, the rank tracking website provides the participants’ current rank percentile (ie, the percentile of the current 
playing population in which the participant’s rank resides in). Lastly, we also obtained an estimate of the total number of 
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hours that the participant had accumulated playing Rocket League. A description of the method used to obtain this 
estimate is provided as supplementary file 2.

When the MMR of two participants differed by less than 150 (equivalent of 15–21 total win vs loss disparity), they 
were paired with one another. Paired individuals would complete aspects of the study at the same time and play against 
one another in Rocket League matches during the two test sessions. We note that individuals who habitually use tobacco 
(N = 4) were paired with one another. For each pair, one member was randomly selected to partake in the overnight sleep 
deprivation protocol (TSD; mean age = 19 ± 1, mean MMR = 862 ± 221, 19m 1f), while the other individual was 
assigned as control (CON; mean age = 20 ± 3, mean MMR = 874 ± 190, 20m) (described below), using an automated 
web-based randomization service.43

Materials
Eligibility Questionnaires and Participant Demographics
The eligibility questionnaire provided to each participant included the Pittsburgh Sleep Quality Index (PSQI),44 Holland 
Sleep Disorders Questionnaire (HSDQ),45 Swiss Narcolepsy Scale (SNS),46 Horne-Östberg Morningness Eveningness 
Questionnaire (MEQ),47 and the Fast Alcohol Screening Test (FAST) and Alcohol Use Disorders Identification Test 
(AUDIT).48 Information regarding the suitability of each instrument used (ie, reliability, validity, sensitivity, specificity) 
and specific cut-off values used can be found in supplementary file 3.

Sleep Measurement
The Consensus Sleep Diary (Core) was used to obtain subjective sleep measures throughout the protocol.49 Additionally, sleep 
variables were objectively measured using the ReadibandTM (v5) wrist-worn activity monitor (Fatigue Science, Canada). This 
device uses tri-axial accelerometry (sampling frequency = 16Hz) to record wrist acceleration data, which are used to calculate 
sleep and wake events through a proprietary algorithm. The Readiband has demonstrated superior performance (most notably, 
less bias in sleep summary measures and greater sleep/ wake specificity) than the research standard Actiwatch 2, when 
compared to the gold-standard polysomnography (PSG) or at-home electroencephalography (EEG).50,51 It has also been 
independently found to be suitable when recording measures of total sleep time (TST), time at sleep onset (TASO) and time at 
wake (TAW),52 demonstrates a high (ICC ≥ 0.8) inter-device reliability (including ICC = 0.99 for total sleep time),53 and has 
been previously used in sleep research for a variety of populations, including traditional and esport athletes,8,10,54–56 medical 
personnel,57,58 pilots,59 and military personnel.60 A single trained researcher downloaded and processed the Readiband data. 
Outcome measures considered were TST, TASO, and TAW. Daytime naps were included in TST, with naps occurring before 
12:00 added to TST for the previous night, and naps occurring after 12:00 added to the TST for the upcoming night, as per 
Smithies et al.54

Subjective Sleepiness, Alertness and Motivation
To capture subjective sleepiness, alertness, and motivation of participants throughout the experimental protocol, 
participants completed the Karolinska Sleepiness Scale (KSS)61 as well as Alertness & Motivation Visual Analog 
Scales (VAS). For the VAS, levels of subjective alertness and motivation were assessed using slider scales, with values 
(between 0 and 100) hidden. The alertness VAS ranged from sleepy (0) to alert (100), and the motivation VAS ranges 
from motivated (0) to unmotivated (100), as per Mathew et al.62 Motivation VAS scores were subsequently reverse scored 
for analysis, such that higher scores resembled greater motivation.

Cognitive Performance
Cognitive performance during the experimental protocol was assessed using the 10-minute psychomotor vigilance task 
(PVT) and Category Switch Task (CST). The 10-minute PVT is the gold-standard performance test for vigilance, and 
exhibits stable performance over repeated measures testing.63–65 A one-minute practice block was undertaken prior to the 
ten-minute testing block. The test block was executed straight after the practice block with no break or indication it has 
changed, as per Thomann et al.66 Throughout the task, participants were required to respond as fast as possible to the 
appearance of a red stopwatch in the center of their screen by pressing the space bar on their keyboard. The inter- 
stimulus interval was set at random between 2000 and 10,000ms for each trial.
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False starts were removed from the data, as were trials responded to in ≤100ms.63 Dependent variables considered 
were response speed (equivalent to 1000/reaction time(msec), and hereafter denoted as RS) and lapses, defined as trials 
where reaction time ≥500ms (alternatively, RS ≤ 2), as these two measures have shown to display the best conceptual and 
statistical properties (including robustness to extreme values) and sensitivity to sleep loss for the PVT.63

The CST was adapted from that originally described by Mayr and Kliegl,67 and is a test which assesses task-switching 
ability, a component of executive functioning requiring cognitive flexibility. A detailed description of the CST used in 
this study can be found as supplementary file 4. Participants were required to categorize words that appeared on a screen 
according to a categorization rule denoted by a cue. In some test blocks (single task), the cue was constant, while in 
others (mixed task), the cue (and categorization rule) switched between one of two cues at random, and participants had 
to adapt to the corresponding change in categorization rule. Stimulus-response mapping (SRM) changed from the first 
to second test sessions in a consistent manner between all participants (for the living cue but not size cue). We did not 
consider Switch Cost (SC) or Mixing Cost (MC) error rate, due to poor test–retest reliability of these outcome measures 
during an independent pilot test undertaken specifically for the CST.

In-Game Rocket League Performance
The primary aim of the current study was to assess if an acute sleep deprivation intervention influenced in-game 
performance on the esport Rocket League. In Rocket League, players use a rocket-powered vehicle to hit a large ball into 
an opposing goal while simultaneously defending one’s own goal (as per soccer or hockey). Rocket League is played 
competitively in teams of 1, 2, or 3 players; in this study, we solely investigated 1v1 matches of Rocket League.

Paired participants played against one another on a local area network (LAN) connection. Participants were able to 
use their own input device for gameplay, however a DualShock 4 and Xbox Elite Controller (series 2), as well as 
a gaming mouse, keyboard, and headphones were provided if necessary. All input devices were used with a wired 
connection.

Participants were asked to log into their own Rocket League account on Steam or Epic, however were provided an 
account if they were unable. Participants were free to use headphones for game sound and/ or play music through the 
duration of the Rocket League matches. Participants were free to use in-game settings of their choosing (ie, controller 
settings, camera settings, vehicle selection etc.). Once both participants within the pair were ready, they were afforded 
five minutes for a warm-up. Participants were free to warm up however they chose (ie, free-play training, training packs, 
workshop maps), with the exception of playing an online match. Once the five minutes elapsed, participants joined 
a LAN (local area network) match, which was created by the researcher. Prior to the gameplay commencing, participants 
were asked to perform to the best of their ability for the entirety of each match, aiming to score as many goals as possible 
while simultaneously preventing their opponent from scoring, regardless of the match score. All participants played 
seven consecutive matches against their paired opponent, except for one pair in one week, where only six matches were 
played due to a participant needing to leave early. Short breaks (<5 minutes) in between matches were afforded ad 
libitum.

Outcome measures were obtained via. use of the ballchasing.com application programming interface (API) on saved 
match replays and processed as outlined by Smithies et al.39

Procedure
Figure 1 provides a visual outline of the study protocol. The study protocol lasted a minimum of 15-days per participant 
pair. On the first day (D1), participants were briefed on the study protocol, and provided their actigraphy device and sleep 
diary. Participants determined a target bed (between 22:00 and 01:00+1) and wake time (between 06:00 and 09:00). 
Participants were asked to adhere to their set target bed and wake times (± 1hr), particularly within the three days prior to 
each test session. Participants also agreed upon a target gameplay amount (hours) within the following week, of which 
they were asked to remain within ±20% of (ie, 80–120% of target hrs). Target bed and wake times and target gameplay 
amount remained consistent for individuals but did not need to be consistent between participants within a given pair.
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Test Session Protocol
Following 12:00 on day seven (D7) and up until the upcoming test session (D8), participants were asked to refrain from 
napping, consuming caffeine, alcohol, non-essential medication or any other drugs. Participants were also asked to obtain at 
least six hours of sleep in the upcoming night. On the eighth day of the protocol and between the hours of 11:30 to 15:00, 
both participants within a given pair attended the laboratory for test session 1. Sleep diary information was collected from 
each participant, and a new sleep diary was provided. Participants self-reported the amount of Rocket League gameplay 
undertaken in the previous seven days and indicated their adherence to the abovementioned procedures.

Following this, the participants completed (in order) the PVT, CST, KSS, alertness and motivation VAS and 
played their set of Rocket League matches against one another. Following completion of the Rocket League 
matches, participants again completed the KSS and alertness and motivation VAS. All procedures described were 
collected using gaming computers, comprising of a 27-inch monitor with a 144Hz refresh rate. All measures 
except for those in the Rocket League performance section were taken using identical input devices (Logitech Pro 
mouse, keyboard, and headphones). Following the set of Rocket League matches, both participants were asked “on 
a scale from 0 [not at all] to 10 [extremely], how much do you feel like fatigue affected your in-game 
performance?”, and “do you think the other participant had completed the overnight sleep deprivation protocol?”.

Following test session 1, the protocol was repeated, such that participants wore their wrist-worn activity monitor and 
completed the sleep diary daily, played the agreed upon amount of Rocket League, adhered to the target bed and wake 
times within three days of the upcoming test session, and avoided consuming caffeine or alcohol, taking medication or 
drugs, or napping, within 24hrs of the upcoming test session 2. For 80% of pairs, the second test session was exactly 
seven days following the test session. However, due to participant availability, the timespan between tests was 14 days 
for three pairs and 37 days for one pair.

Total Sleep Deprivation Protocol
Within each pair, the protocol for the participant assigned to the control group (CON) was exactly as described above. 
For the participant assigned to the TSD group, one of the two test sessions (and the week prior) was exactly as described; 
however, for the other test session, the participant completed the total sleep deprivation protocol prior. The test session in 
which the prior sleep deprivation was administered was counterbalanced (ie, ten participants were sleep deprived prior to 
first and second test sessions, respectively). Participants were (a) aware that they may be asked to complete the total sleep 

Figure 1 A timeline of the 15-day protocol for all participants within the protocol. The icons within this figure depict the following. Wristband = wrist-worn activity 
monitor; book = Consensus Sleep Diary; coffee mug and beer = caffeine and alcohol; clipboard = subjective measures. Computer with keyboard = computerized cognitive 
tests. Computer with controller = Rocket League gameplay; bed = sleeping; man running = strenuous activity; light and thermometer = light and temperature-controlled 
environment. TSD = participants within the sleep deprivation group; CON = participants within the control group.
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deprivation protocol prior to either of the test sessions, (b) not told if they or their paired opponent were in the CON or 
TSD group, and (c) told at least three days in advance whether they were required to complete the total sleep deprivation 
protocol prior to the upcoming test session.

For the total sleep deprivation protocol, the participant arrived to the laboratory at ~21:00 the night before the test 
session. The following day, the participant would remain in the laboratory until 30 minutes before the start of the test 
session. Participants were free to engage in activities of their choosing, except for strenuous exercise or playing video 
games using the same input modality (ie, keyboard or controller) they used to play Rocket League with. From 22:00 
onwards, participants completed a KSS, alertness and motivation VAS, 5-minute PVT, and the SynWin multitask68 on 
the hour each hour. The results of these tests are not within the scope of this article.

The light and temperature in the laboratory environment remained consistent throughout this time and during all test 
sessions. Each participant was supervised throughout the duration of the sleep deprivation protocol to ensure wakeful-
ness. Water, fruit, low-sugar snacks, and caffeine-free hot beverages (ie, peppermint tea) were available to participants ad 
libitum throughout the sleep deprivation protocol. Another standardized meal (toast with peanut butter and honey, fruit, 
and fruit juice) was provided at 08:00 the following morning. In the 30 minutes prior to the test session, participants left 
the laboratory and were supervised on a walk; this was to simulate a walk to the laboratory, as would occur if they were 
the CON participant. This protocol resulted in an average of 28.78 ± 1.22 hours between last wake time and the start of 
Rocket League gameplay.

Statistical Analysis
Statistical analyses were performed using R: A language and Environment for Statistical Computing (Vienna, Austria) 
and/or IBM SPSS Statistics v26 (Armonk, N.Y.) software. Alpha was set to p <0.05 (two-tailed) for all analyses. 
Variance measures (±) are presented as standard error unless explicitly specified.

Participant Pairs and Rank
Means and standard deviations are provided for participant MMR. The relationship between time spent playing Rocket 
League (hours) and in-game expertise (MMR) was assessed through a simple linear regression, which was subsequently 
used to impute missing hours played for individuals from whom we could not obtain a confident estimate.

Protocol Adherence
Means and standard deviations are provided for each individual’s TASO and TAW within the three days preceding either 
test session.

Additionally, means and standard deviations are provided for TST, both for the night before each test session (TST 
[1]) and the two nights (combined) prior to TST[1] (TST[2–3]), within each group x session combination. Independent- 
sample t-tests and paired-sample t-tests were used to assess by-group and by-session differences in TST[1] and TST 
[2–3], respectively. Nonparametric equivalents (Mann–Whitney U and Wilcoxon Signed-Rank Test) were used when 
mean values were significantly non-normal (Shapiro–Wilk test, p < 0.05).

Rate of adherence to target Rocket League gameplay was expressed as a percentage. By-group and by-session 
differences in target RL gameplay achieved were assessed identically to those described for TST above.

Cognitive Performance
Cognitive Performance Measures (PVT & CST) were assessed using Mixed Effect Models (MEMs; linear mixed-effects 
models and generalized linear mixed effects models). All MEMs were created using the lme4 package in R (1.1–31).69 

Random effect structures were determined using a backward-selection approach as outlined by Matuschek et al,70 

deviating only to avoid selection of singular models or models which did not converge. If a selected model was singular, 
then the next most complex model which was not singular was selected, and if all models prior were singular, random 
effect simplification continued until the next most complex model that was not singular was identified, and this model 
was subsequently selected. Within the selection process, random slopes were considered for each fixed effect (and their 
interaction) that vary within a given random effect.71 Once the most appropriate random effects structure was identified, 
mixed-model assumptions were visually examined using the performance package (0.10.4),72 and DHARMa package 
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(0.4.6).73 For fixed effects, degrees of freedom were estimated using the Satterthwaite method to allow for significance 
testing of fixed effects for any MEMs created with continuous outcomes (linear mixed-effects models; ie, for PVT RS), 
while the Wald method was used for confidence interval estimation. Additionally, Wald tests were used to determine 
fixed effect significance for any MEMs created with categorical outcomes (binomial generalized linear mixed-effects 
models; ie, for PVT lapses). We used treatment coding for all categorical fixed effects. Treatment coding refers to the 
coding of the two-levels of a dichotomous variable as 0 and 1, respectively.74 Treatment coding was considered the 
intuitive option as there are sensible baseline levels (always coded as 0) within each fixed effect considered. Details 
regarding both model selection (including specific model selection decisions made) and the details of the final model 
selected are provided within table layouts based on a best practice guideline75 and are provided as supplementary file 5.

For PVT measures, MEMs were created for RS and lapses, respectively. We noted a deviation from normality 
observed at low RS values, however given that (a) this is representative of an expected phenomenon (lapses), (b) RS is an 
already transformed outcome measure which satisfies MEM assumptions substantially better than raw RT, and (c) RS is 
considered alongside lapses to be the best outcome variable to use for the PVT,63 RS was retained as the outcome 
measure within the model created. The models created for RS and lapses included the between-participant fixed effect 
group (CON vs TSD) and the within-participant fixed effect session (baseline vs experimental), as well as their 
interaction, with participant considered as a random effect.

For CST, we planned on using RT(msec) as an outcome measure for Single Task, SC and MC, however MEM assumptions 
were not met using this outcome measure. When RTs were converted to RS using the same transformation used for PVT (RS = 
1000/reaction time(msec)), MEM assumptions were satisfied. Hence, MEMs were created for Single Task RS and error rate, 
Switch Cost RS, and Mixing Cost RS. For Single Task models, they included the between-participant fixed effect group (CON 
vs TSD) and the within-participant fixed effect session (baseline vs experimental), as well as their interaction, while for the SC 
and MC models, group, session, and trial type (for SC, this was switch vs repeat; for MC, this was repeat vs single task), as 
well as their interactions (ie, full factorial) were included as fixed effects. For all of these models, participants, word (ie, the 
specific word displayed), cue (living or size), and a cue by word interaction, were considered as random effects.

Subjective Measures
By-group and by-session differences in KSS, Alertness VAS and Motivation VAS were analyzed using independent/ 
paired sample t-tests or nonparametric equivalents, as per protocol adherence measures. We note that data from one pair 
are missing due to a technical error (N pairs = 19). Participant’s self-report of how much fatigue affected their in-game 
performance was also analyzed in an identical manner.

Rocket League Performance
The primary aim of the study was to test the null hypothesis that TSD would not affect our in-game outcome variable, 
GD. To test this, we created a MEM using the steps outlined above for cognitive performance measures, with session 
(baseline vs experimental) as a fixed effect and pair as a random effect.

Irrespective of the result of the above analysis, we sought to conduct analysis on whether TSD impacted any performance 
indicators (PIs) in Rocket League. We built five separate MEMs with identical fixed and random effects to that above, to predict 
the following outcome measures: Shots Taken Difference, Time Spent Goalside of the Ball Difference, Saves Made Difference, 
Time Spent High in the Air Difference, and Demos Inflicted Difference. These five PIs were chosen as they were the five PIs 
shown to predict match performance in 1v1 Rocket League when all in-game ranks are considered.39 All metrics were calculated 
as the value of the TSD participant minus the value of the CON participant within each pair. As this analysis is exploratory, we did 
not conduct any familywise error rate adjustment; however, we do not make claims based on the results of these analyses, instead 
using them as ways to highlight potential effects of TSD on in-game strategy to be explored in future research.

Results
Participant Pairs and Rank
The mean MMR for participants in the study was 868.34 (SD = 203.59), corresponding to the top ~20% of the overall player 
base. A simple linear regression was conducted to examine the relationship between hours played (from participants where 
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a reliable value estimate could be obtained, N = 37) and MMR. This model was significant, F(1,35) = 93.48, p < 0.001, 
R2 = 0.73, with hours played explaining 73% of the variance of participant 1v1 Rocket League expertise. The equation for the 
regression model can be found below

This equation was used to predict missing values for hours played, however for two of the three participants it predicted 
a negative value. Hence, for these participants, hours played was conservatively estimated as zero. After including these 
participants, mean hours played among the sample was 2014.15hrs (SD = 1881.30hrs), or ~85 days. Figure 2A shows the 
rank distribution of the participants and their paired opponent, and Figure 2B shows the abovementioned relationship 
between Hours Played and MMR.

Protocol Adherence
Subjective and Objective Sleep Data
For sleep data within 3 nights of each test session, 3.64% of days of actigraphy-derived sleep data were missing or unusable, 
while 4.55% of days of Consensus Sleep Diary (CSD) data were missing or unusable. A missing value analysis using 
Little’s MCAR test76 was not significant (χ2 = 7.32, p = 0.50), suggesting the data can be treated as MCAR and as such, 
missing actigraphy-derived sleep data were imputed using a simple imputation method described in supplementary file 6.

Actigraphy-derived TASO and TAW, in comparison to participant-defined target bed and wake times, are shown for 
each participant (and pair) in Figure 3. 48.2% of nights within three days of a test session had a TASO within one hour of 
the individuals target bedtime (mean difference = 1.09hrs later (SD = 1.39)), while 54.84% of TAW values were within 
one hour of the individuals target wake time (mean difference = 0.55hrs later (SD = 1.62).

Mean TST (including naps) the night before each test session (TST[1], A) as well as the mean TST for two nights 
prior (TST[2–3], B) are shown for each group in Figure 4. All between- and within-participant comparisons for TST[1] 
and TST[2,3] were not significant with the exception of those involving TST[1] values for TSD on the experimental 
session. In other words, for the three nights preceding test sessions, the only observable difference in TST was as a direct 
result of the sleep deprivation protocol.

Figure 2 Graphs showcasing the Rocket League experience and expertise of the included participants. (A) Rank distribution and pairing of included players. Clear diamonds 
resemble control group (CON) participants, and red diamonds resemble sleep deprivation group (TSD) participants. Pairs are denoted by lines joining participants. The x-axis 
denotes the participants in-game matchmaking rating (MMR; a proxy for expertise) relative to the esports overall player base at the time of recruitment, such that lower 
values resemble a lower-ranked player and vice versa (ie, 99% denotes a player in the top 1% of players). To better visualize pairs in the top 3% of ranked 1v1 Rocket League 
players, a magnified display is depicted above the main graph, denoted by a magnifying glass icon. (B) Relationship between estimated total hours of Rocket League played 
(x-axis) and player expertise (y-axis). Dashed lines represent 95% CI for line fitted using the linear regression equation. For both A and B, colours represent the in-game rank 
of the participants (in order from bottom to top; bronze, silver, gold, platinum, diamond, champion, grand champion, supersonic legend).
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Caffeine, Alcohol, Napping
No participants reported caffeine or alcohol use within 24-hours of any test session. One participant (CON) reported 
medication use within 24-hours of test sessions; a daily asthma medication on the morning of both test sessions, and one 
dosage of cough medication the night before the experimental test session. Two participants (one CON, one TSD) napped 
(45–60mins) within 24-hours of the baseline test session, as both self-reported and corroborated through actigraphy.

Figure 3 Mean (±SD) discrepancy between (A) target bedtime and time at sleep onset (TASO) and (B) target wake-time and time at wake (TAW), for each participant 
within each pair. Participants in CON are denoted by clear diamonds, while TSD participants are denoted by the red diamonds. The green band denotes TASO or TAW 
within 1 hour of the target bed/ wake time, while the red area denotes TASO or TAW outside of that range.

Figure 4 Box and whisker (min → max) plots showing the group mean total sleep times (TSTs) for CON (control group) and TSD (sleep deprivation group). (A) The night 
before test sessions and (B) the mean of the two nights prior to that shown in (A).
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Weekly Rocket League Play
Participants remained within ±20% of their target gameplay prior to testing for 56.25% of test sessions (M = 89.44% of 
target hours, SD = 38.02%). No significant differences were found between % target gameplay achieved prior to baseline 
and experimental test sessions for either group.

Cognitive Performance
Psychomotor Vigilance Task
Distributions of PVT Response time across groups and sessions are shown in Figure 5.

For PVT response time, neither group nor session alone significantly contributed to the model, however a significant group 
by session interaction was present (b = −0.72 ± 0.11, 95% CI [−0.94, −0.51], t(1, 37.38) = −6.58, p < 0.001), such that being in 
the TSD group on the experimental day resulted in a mean reaction time worsening equivalent to 48.61msec.

For PVT lapses, neither group nor session alone significantly contributed to the model, however a significant group 
by session interaction was present (b = 2.38±0.40, 95% CI [1.56, 3.16], z = 5.91, p < 0.001), such that being in the TSD 
group on the experimental day resulted in 4.91 times more lapses occurring.

Category Switch Task
For RS, neither group nor session alone significantly contributed to the model, however a significant group by session 
interaction was present (b = 0.10 ± 0.40, 95% CI [−0.19, −0.01], t(1, 37.90) = −2.27, p = 0.029), such that being in the 
TSD group on the experimental day resulted in a mean reaction time worsening equivalent to 42.19 msec. No fixed effect 
nor interaction were significant within the model predicting errors in the Single Task component of the CST.

For SC RS, only trial type significantly contributed to the model (b = 0.24 ± 0.40, 95% CI [−0.30, −0.19], t(1, 37.83) 
= −8.40, p < 0.001), corresponding to a switch cost of 102.19msec. No other main effects or interactions were significant. 
For MC RS, there was a simple main effect for trial type (b = −0.27 ± 0.05, 95% CI [−0.36, −0.18], t(1, 52.78) = −5.79, 
p < 0.001), corresponding to a mixing cost equivalent to 83.45msec. There was also a significant group by session 
interaction present (b = −0.10 ± 0.04, 95% CI [−0.19, −0.01], t(1, 37.88) = −2.27, p = 0.029), such that being in the TSD 
group on the experimental day resulted in a mean reaction time worsening equivalent to 42.21 msec. No other main 
effects or interactions were significant.

Subjective Sleepiness, Alertness and Motivation
KSS, alertness VAS and motivation VAS scores for CON and TSD within both the baseline and experimental test 
sessions are shown in Figure 6.

KSS scores for CON participants did not differ between baseline (3.53 ± 0.37) and experimental (3.79 ± 0.33) 
sessions (t(18) = −0.93, p = 0.367, 95% CI [−0.86, 0.33]). Additionally, KSS scores obtained in the baseline test session 
did not differ between CON and TSD participants (Z = −1.36, p = 0.191). However, significant differences were found 

Figure 5 Frequency distribution of response speed (RS; 1000/RT(msec)) for participants in (A). CON (control group) and (B). TSD (sleep deprivation group). We direct 
the reader to (B), and note both a leftward shift and leftward skew of the response distribution in the experimental test session for the TSD participants, consistent 
with previous literature (ie Figure 4 77) and demonstrative of both the broadband decrease in RS and increase in lapses observed (trials to the left of the dotted line).
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between the KSS scores of TSD participants at baseline (2.84 ± 0.24) vs experimental (6.47 ± 0.49) sessions (Z = −3.74, 
p < 0.001) and between CON and TSD participants on the experimental session (Z = −3.66, p < 0.001).

Alertness VAS scores for CON participants did not change between baseline (79.26 ± 3.32) and experimental (73.53 ± 
3.64) sessions (Z = −1.329, p = 0.184). Additionally, alertness VAS scores obtained in the baseline test session did not 
differ between CON and TSD participants (Z = −1.520, p = 0.130). However, significant differences were found between 
the alertness VAS scores of TSD participants at baseline (84.74 ± 3.56) vs experimental (39.21 ± 6.30) sessions (Z = 
−3.82, p < 0.001) and between CON and TSD participants on the experimental session (t(36) = 4.72, p < 0.001, 95% CI 
[19.56, 49.07], Hedges g = 1.50).

Motivation VAS scores for CON participants did not change between baseline (83.32 ± 2.25) and experimental (82.26 
± 3.76) sessions (Z = −0.66, p = 0.948). Additionally, alertness VAS scores obtained in the baseline test session did not 
differ between CON and TSD participants (t(36) = −1.72, p = 0.094, 95% CI [−10.67, 0.88]). However, significant 
differences were found between the alertness VAS scores of TSD participants at baseline (88.21 ± 1.75) vs experimental 
(48.63 ± 6.76) sessions (t(18) = 6.75, p < 0.001, 95% CI [27.25, 51.90], Hedges g = 1.48) and between CON and TSD 
participants on the experimental session (Z = −3.29, p < 0.001).

Figure 6 Box and whisker (min → max) plots showing (A). KSS (Karolinska Sleepiness Scale) scores, (B). Alertness VAS (Visual Analog Scale) scores, and (C). Motivation 
VAS scores (reverse scored) for CON (control group) and TSD (sleep deprivation group) participants in the baseline and experimental sessions. *** indicates a significant 
difference, p < 0.001.
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In summary, KSS, alertness VAS, or motivation VAS scores did not change except as a direct result of the sleep 
deprivation protocol. Within 10 minutes of the Rocket League matches commencing, participants who had undertaken 
the sleep deprivation protocol reported higher subjective sleepiness, and lower subjective alertness and motivation.

In-Game Performance
To assess the effect of the TSD protocol on overall in-game performance, a model was created with GD as the outcome 
variable, session (baseline vs experimental) as a fixed effect, and with a by-pair random intercept.

By-pair random intercept standard deviation was 2.61, and residual standard deviation was 2.83. The model intercept 
(corresponding to GD for the baseline session) was −1.01 ± 0.63, which was not significantly different to 0 (t(1, 22.05) = −1.61, 
p = 0.12), suggesting that neither group of participants were significantly better than the other at baseline. The effect of session (ie, 
change from baseline to experimental) was not significant (∆GD = 0.23 ± 0.34msec, 95% CI [−0.43, 0.89], t(1, 258.02) = 0.68, 
p = 0.498), suggesting that the sleep deprivation protocol did not significantly impact GD. Figure 7A shows the distribution of 
GD for baseline and experimental sessions.

Similar models were created to assess whether the TSD protocol impacted any of the top five PIs within 1v1 Rocket 
League (Figure 7B–F). The only PI to significantly change from baseline to experimental test session was Time Spent 
High in the Air Difference (b = −0.48±0.19, 95% CI [−0.85, −0.10], t(1, 257.01) = −2.49, p = 0.013) (Figure 7E), such 
that (compared to their opponent) the TSD individual spent 0.48 ± 0.19% less time in the air in the experimental session, 
compared to the control session.

Figure 7 Violin plots displaying the distribution of (A) Goal Difference (GD) and (B-F) exploratory performance indicators (PIs; (B) Shots Taken Difference, (C) Time Spent 
Goalside of the Ball Difference, (D) Saves Made Difference, (E) Time Spent High in the Air Difference, (F) Demos Inflicted Difference) for baseline and experimental sessions, across all 
279 matches. Box and whisker (min → max) plots inside the violin plots resemble the distribution of mean outcome variables across a test session for a given pair (N = 20 
for each box and whisker plot). Diamonds represent pair means for each session, with pair means connected via the dotted lines. The solid red line represents the estimated 
mean±SE from each model used for analysis. P-values are provided for each graph.
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Lastly, participant’s self-reported ratings for how much fatigue affected their in-game performance did not change 
between baseline (1.85 ± 0.39) and experimental (2.40 ± 0.46) sessions (Z = −1.15, p = 0.251). Additionally, ratings 
obtained in the baseline test session did not differ between CON and TSD participants (Z = −0.30, p = 0.779). However, 
significant differences were found for TSD participants at baseline (1.70 ± 0.44) vs experimental (4.75 ± 0.50) sessions 
(Z = −3.33, p < 0.001) and between CON and TSD participants in the experimental session (Z = −2.96, p = 0.003). 
Participants in the CON group correctly guessed when their TSD group opponents were rested (baseline) 80% of the 
time and when TSD group opponents were sleep deprived (experimental) 95% of the time. Participants in the TSD group 
correctly guessed that their CON group opponents were rested 85% of the time.

Discussion
The current study aimed to establish whether an acute bout of total sleep deprivation (TSD) decreased in-game 
performance in the popular esport Rocket League. We included 40 Rocket League players, pairing them based on 
expertise level, with half of the participants completing two test sessions while rested (CON), and the other half (TSD) 
completing one test session while rested (baseline) and the other test session following ~29 hours of TSD (experimental). 
Following this bout of TSD, we found these individuals to respond ~50msec slower and lapse (responses >500msec after 
stimulus onset) almost five times more often on the Psychomotor Vigilance Task (PVT). They also responded slower on 
the two-choice component of the Category Switch Task (CST), however, error rate on this component of the CST as well 
as Switch Cost and Mixing Cost (SC and MC respectively; measures of task-switching ability) response speeds were 
unchanged. Additionally, immediately (~10min) before Rocket League play, participants reported higher subjective 
sleepiness and lower subjective alertness and motivation when sleep deprived, when compared both to their own scores 
when well rested and compared to their paired opponents for Rocket League gameplay. Despite these results, as well as 
the fact that participants felt that fatigue affected their in-game performance more following TSD, we did not find 
evidence that TSD impacted match outcome in Rocket League matches. The implications of our findings are discussed.

While we hypothesized that TSD would negatively impact our in-game esports outcome measure (GD), in line with 
the sentiment of previous articles6–10 and some esports athletes themselves, ie,12,13 we can identify (at least) six rational 
arguments for why such an effect was not found in the current study.

First, we note that not all aspects of cognitive performance are equally affected by sleep loss,27,28,31,78 with the 
general trend being that as task complexity increases (for which, esports would be considered particularly complex), the 
magnitude of measurable adverse effect of sleep loss decreases.32

Second (however relatedly), motivation (both intrinsic and extrinsic) appears to play an important role in the 
maintenance of performance (top-down mechanisms) in spite of sleep loss.79 As stated by Massar et al (p. 2),

In conditions in which incentives are high to perform, e.g., in military emergency situations, people may be able to maintain 
performance. However, situations that do not contain significant extrinsic incentives may fail to generate sufficient motivation— 
and thus lead to reduced performance. 

Our study involved the play of an esport highly familiar to participants in a competitive (and hence, motivating) 
environment. It is understood that task-specific factors can influence the degree to which performance occurs, specifically 
through promoting/dissuading motivation. Regarding task complexity, for example, Harrison and Horne32 (p.g. 236) state

the prevailing view in SD [sleep deprivation] research is that high-level complex skills are relatively unaffected by SD because 
of the interest they generate and the implicit encouragement for participants to apply compensatory effort to overcome their 
sleepiness. 

Not only is Rocket League a highly complex activity, the play of Rocket League in the current study was undertaken in 
a set of circumstances which plausibly lends itself to compensatory mechanisms being activated.

Third, very repetitive tasks (often labelled monotonous) may experience greater performance loss due to persistent 
use of a very specific brain circuitry,80 while tasks with greater stimulus/response diversity (for which Rocket League 
very much fits) may not experience this effect.
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Fourth, we note that the time on task effect (or vigilance decrement), which is accelerated and exaggerated by sleep loss,81 

may not have been a factor within Rocket League gameplay. Rocket League matches are only ~6–7 minutes in length (average 
length in our sample = 6min 42 sec) and allow ~10 second breaks between each goal (occurring every ~40 seconds in the 
current study), allowing for frequent brief rest opportunities. This time span is particularly pertinent when considering TSD- 
induced performance impairment on the PVT. Figure 8A shows the difference in response time between individual trials 
(including the first minute practice block, which was excluded from statistical analysis) for one randomly selected TSD 
participant. This figure clearly shows that for this participant, while response time was slightly poorer on average in the 
experimental group compared to the baseline in the first 6 minutes, this difference only became pronounced (accompanied by 
an increase in lapse frequency and reaction time variation) after 6 minutes into the PVT, roughly corresponding to the average 
Rocket League game length. This pattern of a severe increase in reaction time, response variability and lapse likelihood 

Figure 8 (A) Bar chart showing the difference in mean reaction time for each trial of the psychomotor vigilance task (PVT; including the first minute practice block) for 
a randomly selected TSD (sleep deprivation group) participant. Values above zero resemble a trial in which the reaction time was poorer following sleep deprivation, 
compared to when well rested. Red bars resemble trials which were a lapse within the session while sleep deprived, and blue bars resemble trials which were a lapse within 
the session when rested. (B) Bar chart showing the difference in mean reaction time (black), mean within-participant standard deviation or reaction time (ie, green), and 
lapse probability (red), for TSD participants following sleep deprivation protocol and when well rested, within each one-minute epoch of the 10-min PVT (inclusive of the 
first minute of the PVT). Values above 0 resemble greater mean values following sleep deprivation, compared to when rested. Black and green bars are measured on the left 
y-axis, and red bars are measured on the right y-axis.
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following ~5–6 minutes on the PVT in the experimental group vs baseline across all TSD participants is shown in Figure 8B. 
Thus, it is possible that this pronounced negative impact on sleep loss on performance was not experienced in-game due to the 
short game length of Rocket League. We note that the short game length of Rocket League is somewhat uncommon in popular 
esports. For example, major multiplayer online battle arena (MOBA) esports such as DOTA2 and LoL (the first and fourth 
largest esports by prize money earned38), have average match lengths of ~20–30 minutes (but can extend to >90 minutes) with 
very limited and unpredictable rest break opportunities.

Fifth, it is important to consider that in-game performance may not be affected by attentional lapses or sleep loss 
induced temporary lapses in performance unless such lapses occur at a critical point within the context of the game. In 
other words, a lapse may not affect game outcome if it occurs while the player and ball are far away from the opponent; 
conversely, if a certain set of aligning in-game circumstances are present (ie player and ball are near the opponent and 
one’s own-goal, and the opponent is facing the player), a lapse may result in a negative game outcome (in a similar vein 
to Reason’s Swiss Cheese model of accident causation82). Other esports may present with a greater or lesser frequency of 
in-game circumstances in which a lapse may result in a negative game outcome. For example, first person shooter esports 
(ie, Counter Strike Global Offensive or CS:GO) frequently involve scenarios in which success is determined by 
accurately responding faster than your opponent, and so performance in such esports may be more sensitive to sleep 
loss as a result.

Lastly, while esports performance appears to be largely predicated on cognitive performance, there are a myriad of 
other factors involved, such as mood, biomechanics related factors, playstyle (individual differences in in-game abilities 
and strategy preferences) and interactions between competitor’s playstyles. Such factors could increase performance 
variation, confounding any expected effects of sleep loss.

With regard to the last argument, the authors argue that even if there are many extraneous factors in play, it is very 
unlikely that these factors would have completely nullified the effects of TSD on GD in the current study. A power 
analysis conducted a priori provided an estimated power of 0.829 for our analysis on GD, using estimated effect size and 
variance measures, and an estimated MEM design. We observed variance that was larger than predicted (random 
intercept SD = 2.61 [predicted = 1.94], residual SD = 2.83 [predicted = 1.83]); however, we also found that our data 
did not (according to the procedure outlined by Matuschek et al70) warrant a model including a by-session random slope. 
Retaining the estimated mean effect of TSD as a GD change of 1.218 from the a priori power analysis and including the 
variance measures and model structure from the results, an updated power analysis suggested that if the predicted mean 
effect magnitude was accurate, the power to detect it would have been 0.958. Hence, we argue that our underestimation 
of variance is highly unlikely to be the root cause of the inability to reject the null hypothesis that TSD has no impact on 
in-game Rocket League performance and that if an effect of ~29hrs of TSD on GD exists, the magnitude of this effect is 
most likely substantially smaller than anticipated.

In addition to the in-game outcome measure (GD), we gathered in-game data pertaining to a myriad of game-specific 
factors (ie, offense/defense, boost, movement and positioning) and explored whether established performance indicators 
(PIs) in 1v1 Rocket League39 varied as a function of sleep deprivation. Through this exploratory analysis, we identified 
the PI time spent high in the air difference (TSD minus CON) to lower quite substantially (0.48%; average time spent 
high in the air across all matches in our sample = 3.13%) between baseline and experimental sessions. We also noted 
numerical increases in the time spent goalside of the ball difference, though with greater overall uncertainty as indicated 
by p = 0.059. These two PI’s were specifically discussed by Smithies et al39 as potentially indicating safer or riskier 
playstyles, with greater time goalside of the ball and less time high in the air resembling a safer overall playstyle. 
However, changes in these specific PIs could alternatively be argued to resemble an individual adopting an easier in- 
game strategy, as voyages high in the air typically involve much more difficult and precise movements, while staying 
grounded and goalside of the ball and relying primarily on counterattacking may present as a strategy requiring 
comparatively less effort than complicated attacking approaches. Sleep deprivation resulting in either (or both) safer 
or simpler decision-making has theoretical support. While sleep loss is generally considered to result in riskier decision- 
making,83,84 decision-making tasks (ie, the Balloon Analog Risk Task or BART) typically show safer strategy employ-
ment following sleep deprivation (when 48hrs or less),85,86 a trend mimicked by subjective risk-taking propensity 
following sleep deprivation of 48hrs or less.87–89 Interestingly, when discussing why sleep deprivation leads to a safer 
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strategy on the BART but not other decision-making tasks (ie, Iowa Gambling Task), Satterfield and Killgore83 note that 
riskier decisions on the BART are also more effortful and that “sleep deprived individuals appear to be less willing to 
expend effort to engage in risky activities.” (p. 353). Work by Engle-Friedman et al88,89 can be looked to for additional 
support for the notion that TSD evoked a simpler strategy among our participants. Despite these hypotheses regarding 
our observed PI differences, we emphasize the exploratory nature of this analysis and emphasize the need for more 
formal testing before claims can be substantiated. Nonetheless, we note this as an interesting line of future enquiry, 
especially given participants tended to feel (self-report) that fatigue affected their in-game performance following TSD.

Along with in-game performance, we also examined how sleep loss impacted the cognitive performance of esport 
players using the PVT and CST. As expected, overall response speeds worsened, and the likelihood of lapses increased 
substantially (~5 times) following TSD, indicating that players’ vigilance was impaired. In the single task component of 
the CST, response speed slowing was similar in magnitude to that observed in the PVT, which was somewhat surprising 
given previous research31 suggested the level of impairment decreases as task complexity increases so long as cognitive 
flexibility is not introduced as a task requirement. Even more surprisingly, we found no evidence for decreases in task- 
switching ability (measured both by SC and MC response time), contrasting findings by Couyoumdjian et al.90 However, 
these findings were consistent with Nakashima et al,91 who noted no change in SC reaction time following TSD, and 
somewhat in agreement with Slama et al92 who noted a change in SC accuracy but not SC reaction time following TSD. 
Overall, these contrasting findings may be a result of specific task-characteristics (ie, types of stimuli, the changing of 
stimulus-response mappings, interstimulus intervals, frequency of task switches) which warrant further investigation. The 
ability to rapidly switch ones’ attention between multiple information sources appears integral to esports performance (in 
the context of Rocket League, this could be the switching of visual attention between the ball, the opponent, the players 
vehicle and the players boost meter), as demonstrated by improvements in task-switching ability coinciding with the play 
of action video games.26 Although the results of our study suggest that this ability may be unaffected by acute sleep loss 
for esport athletes, we interpret with caution given mixed findings in the literature.

Limitations
We outline several limitations regarding the presented experimental study.

Despite our best efforts, we had only one female participant in our final sample of 40, resulting in a clear sex 
imbalance. Similar difficulties recruiting female esport players have been previously noted.93 We also note that this large 
gender imbalance is (regrettably) reflective of elite esport demographics (with estimates of only 5% of professional 
esport athletes being female; Hilbert94), a disparity actively highlighted in many articles.95,96

We note a lesser degree of control over factors such as participant demographics, sleep, and weekly gameplay than 
desirable. We note the extreme difficulty in recruiting participants sufficiently experienced with Rocket League while 
also fulfilling criteria for healthy sleeping participants such as that outlined in the RRDC.41 We found that many 
participants reported great difficulty maintaining a regular sleep and wake time in particular, as resulting in some 
participants experiencing less than desired TST (ie, ~3hrs) in the 1–3 nights prior to testing, even when meant to be well 
rested (see Figure 4). Due to this, affordances were made to the inclusion criteria and as such, our participant pool 
included some individuals screening at risk for sleep disorders, and one participant with habitual caffeine use > 400mg. 
We note this difficulty in sleep and wake time regularity and encourage future research to explore sleep/wake variability 
within habitual esport playing populations, potentially through the use of the sleep regularity index (SRI97), as done 
recently in elite team sport athletes by Halson et al.98 Continuing the topic of sleep and wake times, implementing 
somewhat standardized target bed (22:00–01:00) and wake times (06:00–09:00) that were outside of those habitually 
experienced by some participants may have affected the sleep experienced by some participants within the three nights 
prior to test sessions, potentially leading to the higher-than-desired variability in TST on these days. However, we note 
that this research design decision was made to better comply with the RRDC criteria and for logistical reasons (ie, some 
participants’ habitual wake times could interfere with test session availability).

The bout of TSD is another factor worth discussing. A bout of ~29hrs TSD (alongside the TSD protocol and test 
session timings used) was used primarily for logistical reasons, including participant availability, travel times to test 
sessions, and overall time burden. It is possible (and probable, if taken to extremes) that an increase in TSD length may 
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have increased the decreases in cognitive performance experienced and potentially led to an impact on in-game Rocket 
League performance, through homeostatic processes.80 However, in order to achieve this TSD length increase, test 
sessions would have occurred later, and likely closer to the individual’s circadian acrophase,80 where performance is 
somewhat protected within sleep deprivation protocols. Hence, it is also possible that the bout of sleep deprivation 
used may have led to a decreased impact on cognitive performance. We also note that the acute sleep loss bout used is 
on the extremity of ecological relevance within an esports context to begin with. More broadly, TST may not be the 
only sleep measure that is important for performance within esports (other measures such as sleep quality and sleep 
efficiency were mentioned in this regard in the introduction). TST was the primary sleep outcome within the current 
study due to (a) being the standard primary outcome when exploring sleep and performance (either cognitive or else, 
including athletic performance), (b) being far easier to experimentally manipulate compared to other sleep outcomes 
(ie, sleep onset latency or wake after sleep onset), and (c) our sleep measurement devices (actigraphy, and more 
specifically, Readiband), providing far more reliable estimates of TST (and TASO & TAW) than other objectively 
measured sleep outcomes.52

We caution that the results of the current study may have limited applicability to other esports besides Rocket League. 
Although most major esports share a lot of similarities (fast and accurate responses to rapidly changing stimuli executed 
through fast and precise fine motor movements, complex interactions with other individuals, use of computer peripheries, 
seated environment etc.), their diversity has resulted in some observed differences in the relevant importance of specific 
cognitive abilities,22,23 and hence potentially, diversity in the impact of acute sleep loss. Also as previously mentioned, 
Rocket League has short match lengths with frequent break opportunities when compared to other esports, which may 
lend to a lesser ability of the time on task effect (which sleep loss accelerates and exaggerates) to negatively impact 
performance. We note, however, that the short and predictable match lengths within Rocket League are also one of the 
key characteristics which make it a feasible esport to conduct experimental research on (as it allows for multiple and 
consistent amounts of trials per test session39). Nonetheless, generalizing the results of the current study to other esports 
should be done with caution.

Lastly, we note that our subjective measure of motivation (motivation VAS68) was not suitably timed or worded to 
appropriately capture participants’ motivation to perform within the Rocket League gameplay. Had this item been 
implemented immediately following either the warm-up provided or in between the matches played, it may have been 
able to shed light on whether this mechanism may have played a role in performance preservation despite sleep loss.

Practical Implications
It should be explicitly stated that our results do not suggest that sleep is a human factor to be disregarded within the 
world of esports. Sufficient sleep health is imperative for physical and mental wellbeing,99 and plays an instrumental role 
in memory consolidation;100,101 these are all critical factors when considering the everyday life of esport athletes and the 
downstream effects of sleep on competition performance. Furthermore, we certainly do not suggest that an acute bout of 
sleep deprivation does not impact alertness or cognitive performance, as our measures for such (as well as many decades 
of research; see Lim and Dinges28 for meta-analyses) are mostly in direct conflict with such a notion. What our results do 
suggest, however, is that an acute bout of ~29 hours of sleep deprivation may not impact in-game esports performance to 
any measurable degree. This perhaps provides a positive message to esports players and coaches that a night of poor 
sleep immediately prior competition is perhaps unlikely to adversely impact in-game performance. This message has 
high importance given that some traditional athletes often experience sleep disturbances the night prior to competition,102 

with some scholars suggesting that these disturbances are equally likely for esport athletes.7

Conclusion
Overall, the results of our study suggest that an acute bout of sleep loss (~29hrs TSD) does not adversely impact in-game 
Rocket League performance, despite degrading vigilance and attentional capabilities as measured by both subjective and 
objective instruments. Our findings suggest that efforts may be better placed optimizing day-to-day sleep health, as 
opposed to austere avoidance of sleep loss immediately prior to competition.
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