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Abstract

Esports has become a significant international industry with more than 8oo million people
playing various esports titles every month. Physiological stress markers that are commonly
utilised in other activities have not been adequately studied in esports. This study examined
changes in such stress markers during competitive gaming, at a cohort and team level. We
also explored individual differences in respiration through the use of the Hexoskin suit.
Increases in heart rate, respiratory rate and minute ventilation were found in all participants
during an esports session when compared with a rest period. Notably, mean heart rate,
respiratory rate, and minute ventilation were significantly higher in the winning team as
opposed to the losing team (p<0.005). A high level of variance was also observed in between
players across teams with respect to the respiratory rate. These results suggest significant
cognitive workload and stress placed on players during competitive activity. Greater
physiological understanding of the response to cognitive stress and teamwork during gaming,
with adaptations to training is likely lead to better cognitive health, as well as improvements
to individual and team performance.

Highlights

¢ Physiological monitoring during esports activity is feasible if a careful protocol is
followed
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e Common physiological parameters such as heart rate, respiratory rate and minute
ventilation can vary significantly from rest to esports activity

¢ In this study, the winning team in League of Legends had larger increases in
physiological parameters from baseline

e There appears to be a high level of physiological variance between players during play
regardless of the game outcome

Keywords: Physiological assessment, esports performance, wearables, monitoring devices,
training
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Background

Video games are a growing sector with an estimated 2.7 billion players globally [1]. This has
helped generate significant value in esports, with over 8oo million people playing popular
titles on a monthly basis and a prize money total of $189 million across the top 10 games in
2019 [2, 3]. We define esports as competitive video gaming; two of the most prominent titles in
this category are League of Legends (LoL) and Overwatch (OW). As esports grows with the
rapid development of the professional scene in major esports titles, there would be an
expected increase in investment made in players and team performance. Many major esports
teams have coaching staff, data analysts and sports psychologists to support the players.
Physical training and mental coaching are also often organised to improve performance
further. Much of the rationale behind this high investment approach is based on
improvements noted in traditional sports and feedback from the players themselves.
Additionally, players often cohabit in gaming houses to optimise training through a controlled
living environment. This has led to a need for objective assessment coupled with evidence
that factors including stress and concentration can be derived from surrogate physiological
markers, such as heart rate [4]. Indeed, during military, pilot or formula one training,
biophysical tools are frequently utilised to derive additional performance assessment, as seen
in both [5, 6]. We have previously noted the value of non-invasive monitors in esports and
listed a range of commercially available tools [7].

Modern, non-invasive, biophysical assessment tools such as “smart clothing” include an array
of sensors in a T-shirt-like garment. This enables the player to continue activity unimpeded
whilst collecting data on parameters such as heart rate (HR), respiratory rate (RR), minute
ventilation (MV), activity levels and heart rate variability [8]. Our team has previously
reported the physiological and cognitive changes that occur in esports players prior to, during
and following a discrete gaming session whilst wearing a smart shirt and performing mental
tests [g]. This study extracted complete data from the smart shirt in the aforementioned study
to look at the changes that occur in common physiological parameters during an esports
session in greater detail. Specifically, we were interested in exploring the changes in mean HR,
RR and MV during competitive gaming at a team level with further analysis of respiratory rate
variation at an individual level.

The two games studied LoL and OW are team-based games in which players play as
characters. Through the combination of mechanical skill, teamwork and strategy, defeat the
opposing team of human players. LoL pits two teams of 5 against each other in which they
draft a team of characters each with unique skills to defeat the opposing team through fights
and strategic positioning with the overall aim of destroying the enemy base. OW games
involve two teams of 6 players who choose heroes to play, each with their own set of gun
mechanics and skills, with the goal being to defeat the opposing team through battles, and
control of strategic points on the map.

Methodology

This study was approved by the New York Institute of Technology (NYIT) Internal Review
Board. This work describes the physiological monitoring findings of an observational, well
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described, prospective study conducted by Sousa et al [9]. In summary, nineteen male esports
players (part of the university esports team) signed written consent to take part in the study
located at the NYIT esports arena, Old Westbury, NY, USA. Inclusion criteria allowed men or
women between the ages of 18-30. Exclusion criteria included players who had not played
competitively in the last year, were unable to wear the smart skin suit or had an injury that
would affect their gameplay.

Following informed consent, smart shirts were fitted on the participants prior to competitive
play. Specifically, participants wore the Hexoskin Smart Shirt® (5800 Denis St. Montreal,
Quebec H2S-3L5). This garment is worn on skin and contains electrodes that enable
measuring of common physiological parameters such as HR, RR and MV. Participants
competing in LoL played in two consistent teams against each other, whilst OW players
competed in cooperative teams of 2-4. Physiological parameter recording started upon placing
the suit on the participants. After completing the esports session ranging from 1.5 to 2.5 hours
across the two cohorts, participants removed the Hexoskin suit for data extraction.

Statistical analysis

Statistical analysis of the data was performed by author LC using R [10], a language and
environment software for statistical computing. Recordings associated with HR and RR were
accompanied with the quality measurements gn:/qr respectively, which take non-negative
values in ranges [0; 24] and [o; 15] respectively. Lower values of gn:/q:x correspond to the better
quality of the observation. Based on the density and numerical values of qn:/q:associated to
HR/RR recordings, significantly poor-quality regions were omitted from the analysis. To
account for the fact that data recordings are of different lengths, signal calibration techniques
were applied to ensure that observations are in sync with each other before any comparison
analyses were performed. In particular, maximisation of the autocorrelation among signals
was used to detect the appropriate lag by which each signal needs to be adjusted. Changepoint
analysis was performed to establish regions of rest and esports activity due to the absence of
manual demarcations made during data acquisition. Deeper analysis of physiological
parameter changes during activity was only viable in the LoL cohort as this took place in an
appropriately controlled environment.

Finally, given the presence of multiple tests performed, Type I error was mitigated through
conservative Bonferroni correction to adjust the significance level @=0.05. Given that for each
biomarker the total number of sub-sessions is m=5, we test each sub-session at a/m =

0.01 level.

Results

In total 19 participants agreed to take part in the study, however 2 player datasets failed to
transfer to the proprietary database resulting in analysis for 8 LoL and g OW players (Table 1).
HR, RR and MV changed significantly during the esports session compared with the rest
period (p<o.01) (Figure 1). Mean HR, RR and MV was significantly higher in the winning team
as opposed to the losing team (p<o.01) (Figure 2). A high level of variance in RR was noticed
between players across the two cohorts (Figure 3). None of the participants noted discomfort
when wearing Hexoskin suit or believed that it impeded their play.
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Discussion

We have noticed changes to common physiological parameters in players during esports
activity in two mainstream titles, LoL and OW. Analysis of the combined cohorts of LoL and
OW players show HR and RR increase during esport activity when compared with rest
whereas MV slightly decreases. There is significant evidence that mental tasks or higher
cognitive activity triggers a sympathetic response giving a rise to these physiological
parameters [11, 12]. HR, RR and MV appear to vary significantly and frequently during the
esports session. This likely represents the different game states that occur in both titles that
can range from surveillance and preparation, to full blown team fights and individual
outplays. Esports players are known to increase their HR during competitive sessions [13],
however this is the first study to present findings of HR, RR and MV both continuously and
statistically between sessions; giving greater insight into the multitude of physiological
changes ongoing during play. This study found that in the LoL cohort, the HR, RR and MV
was generally higher during gameplay in the winning team. This finding must be interpreted
with care as it is observational and based on a small sample size, however, it is attractive to
consider that this may be related to the winning team having a higher cognitive load or level
of concentration, a factor associated with further increases in HR, RR and MV when
performing the task [11, 12]. A similar response has been found in chess players. The high
cognitive demands increase respiratory exchange ratio (RER) in this group further suggesting
that physiological changes are occurring with higher cognitive activity [14]. Similarly, and
perhaps counterintuitively, changes in physiological parameters seem to be persistent through
the vast majority of the esports session, rather than simply at traditional key points in the
game such as deciding team fights. In fact, significant variance in physiological parameters
during play across games is sustained over hours in this study suggesting that these game
titles require persistent concentration throughout the full course of the game. Cognitive tasks
have been shown to cause a persistent rise in HR even with breaks between activity when
compared to other actions such as listening to music [15]. This suggests that not only does
partaking in esports produce a stress response from baseline, but that it likely fluctuates
frequently during gameplay. Further investigation through synchronising data collection with
recordings of gameplay may reveal more about this relationship. Similarly, our analysis of RR
at an individual player level shows that there is a high level of uniqueness in the readings
during gameplay. This is somewhat unsurprising as players in these games whilst working
together as a team of 5 or 6, nearly always have exclusive roles and character positions at any
one time. This means that there are a number of distinctive challenges they must face to
succeed in the game, ranging from differences in environmental visibility around their
character, to one on one battles with the enemy team. Another explanation is that there is a
large diversity in individual response to cognitive tasks [11]. This implies additional value in
creating a player specific strategy to their response profile during training via team level
performance monitoring. Indeed, profiling of specific roles may be possible with further data
collection, allowing role-specific characteristics to be determined for team player selection
and subsequent tailored training. However, there are obvious points during the continuous
measurement of the LoL players that presumably correlate with shared moments in the game
such as the early preparatory stages or full team fights.
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This study shows that it is both feasible and practical to conduct physiological monitoring in
esports players. It is reassuring that none of the participants felt that their play was affected by
wearing the Hexoskin suit. We note that two of the players within the LoL cohort could not be
analysed due to issues around data capture with the Hexoskin suit. It is expected that these
technologies will continue to develop at a rapid pace and soon allow for live monitoring to
avoid such issues in future. This would be in keeping with live readings of HR found in
smartphones or fitness trackers, despite the quality and accuracy of these devices being quite
variable [16]. Physiological monitoring in general offers multiple benefits, such as objective
measurements, continuous assessment during activity and the lack of reliance on the outward
behavioural or physical response of the player. Greater collaboration with esports
organisations, industry and healthcare professionals is expected to enable further research and
performance understanding [7]. It should be possible to supplement the identification of areas
of weakness in esports players, periods of stress and evaluate team communication via non-
invasive assessment tools through future work. Indeed, our research suggests overlap between
major esports genres in terms of physiological response during play, adding further value to
the implementation of monitoring across teams. We believe that greater utilisation of
technology within esports will not only significantly advance physiological understanding of
the response to cognitive stress and teamwork, but also likely lead to improvements in
individual and team performance, especially when assessment tools are used in combination
with self-assessment questionnaires on performance or confidence. Improvements in
performance may also be obtained from an increase in player confidence as a result of greater
personal physiological understanding derived from combining physical and cognitive
preparation. Improved training methods are likely to improve player awareness and
confidence through an increase in their self-perceived control [17].

There are a number of limitations in this study. The sample size is small which made sub-
analysis of individual roles within the game infeasible, despite the cohort size being similar to
other esports studies. OW players conducted play over varying event sessions making it
statistically impractical to produce a deeper assessment of variance in physiological
parameters during play as produced with the LoL cohort. Furthermore, as the games were not
recorded, it was not possible to clearly link key game states to physiological parameters which
would have added further value to this study. As discussed, device limitations stopped
assessment of two participants and also led to one LoL participant being removed from
individual RR analysis. Variables that influence physiological parameters such as exercise,
stimulant use, quality of sleep, physical health and emotional state were not accounted for. It
is hoped that future work with monitoring devices is able to link physiological parameters to
actions made by esports players in larger cohorts.

Conclusion

Esports activity across multiple game types results in significant increases to common
physiological parameters from rest which appear to be both persistent and of varying intensity
in players.
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Figure 1 - Comparing common physiological parameters in players (combined LoL and OW
cohorts) between pre-gameplay and esports activity. HR - Heart rate, MV - Minute ventilation,
RR - Respiratory rate.
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Figure 2 — Comparing common physiological parameters in Lol players during the entire session (left) and according discrete activity periods (right). HR —

Heart rate, MV — Minute ventilation, RR — Respiratory rate.
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Tables
| lLoLplayers(n=8) | _OWplayers (n=9) _
Mean Age (years) 20.8+2.1 19.4%1.3
Male sex (%) 8 (100%) 9 (100%)
Winning Losing team
team
Baseline HR 86.0+9.1 88.6+7.1 77.9%10.4
(beats/min)
Baseline systolic BP 12744 18+12 121+10
(mmHg)
Baseline RR 15.3+0.7 13.7%3.5 15.7+4.6
(breaths/min)
Baseline MV 12772.6£830.2 = 14192.6+4130.1 13434.8+3567.8
(mL/min)
Median time spent 3-4 >6 >6
playing casually
(hours/week)
Median time spent 1-2 3-4 3-4
playing
competitively
(hours/week)

Table 1 - Demographics of the 2 cohorts with standard deviation presented where appropriate.
BP - Bloods pressure, HR - Heart rate, LoL - League of Legends, OV - Overwatch.
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