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Abstract:

This study aimed to investigate mental fatigue experienced by beach volleyball players during Brazilian Beach
Volleyball Tournament. The perception of mental fatigue pre-to-post-match, and perception after a win or loss
were compared. A secondary aim was to associate mental fatigue with technical-tactical efforts. Seven senior
world class beach volleyball players participated. A total of 30 official matches was analyzed, and seven senior
world class beach volleyball players participated. The data were collected throughout national Tournaments Elite
Top 8, and a digital platform accessed by the athletes' smartphones was used. A digital visual analogic scale
(VAS) anchored 0 — 100 was used to measure subjective mental fatigue and technical-tactical effort. A one way
repeated measures ANOVA revealed a difference pre-to-post-match for perceived mental fatigue [F(1.82
29.26)= 6.152; p= 0.007; np2 = 0.278, large effect; power= 0.833] and cubic trend [F(1.00 16.00) = 19.677; p <
0.001; np2 = 0.552, large effect; power= 0.986]. Moreover, subjective mental fatigue was higher after losing an
official match (Win: 54.14 £23.24 Vs. Loss: 69.66 £27.24; p = 0.064; ES = 0.639, moderate effect), and linear
regression identified a relationship between subjective mental fatigue and technical-tactical effort (R2 = 0.47; p
< 0.001). In conclusion, increased mental fatigue was observed in world class beach volleyball players after
official matches, and losing a match seemed to augment this response. Moreover, 47% of variation in subjective
mental fatigue after an official match was explained by technical-tactical effort. Therefore, athletes should avoid
cognitive activities immediately prior to official matches. It is possible that resistance to mental fatigue is a
contributor to success in an official beach volleyball match, but this requires further investigation.

Key Words. cognitive fatigue, mental load, net sports, sport physiology.

Introduction

Beach volleyball is an open-skill and ball team sport with unique characteristics. For instance, only two
players form a team, and substitutions are not permitted. The main physical characteristic are power output, for
vertical jump or sprints over small distances (Cortell-Tormo et al., 2011; Natali et al., 2017; Pérez-Turpin et al.,
2009), and aerobic endurance to support ~ 80 rallies per match (Magalhdes et al., 2011; Palao et al., 2012). The
distance covered is ~570-m during official match-play (Bellinger et al., 2021), and the attack has a decisive
importance for determinates the winner of the sets (Medeiros et al., 2017). Brazil has a rich history in the sport
and this is evidenced when consulting World Championships and Summer Olympics Games results. In addition,
the national championships together with American championships (i.e., Association of Volleyball Professionals
- AVP) are the most hotly contested national tournaments. Considering the number of cognitive decisions
performed as well as repeated physical tasks during official beach volleyball matches, it could be reasonable to
assume that an official beach volleyball match causes mental fatigue.

Previous studies mostly characterized mental fatigue as the subjective feeling of tiredness and/or
lethargy caused by high cognitive load (e.g., prolonged cognitive demand with low complexity or short-term
cognitive demand with high complexity) with attention, inhibitory control, or monotony demand (Boksem &
Tops, 2008; Marcora et al., 2009; Smith et al., 2018). Moreover, the sensation emerges according to the intensity
and duration of the stimulus (Borghini et al., 2014; Fortes et al., 2020; Gantois et al., 2020; O’Keeffe et al.,
2020). In this sense, beach volleyball matches involve cognitive demand for perception, decision-making, and
movement adequate to tactical situations (Afonso et al., 2012). Thus, the harmony of the visuomotor brain
systems [e.g., retinal photoreceptors and visual brain areas), motor (e.g., supplementary motor area and primary
motor cortex), and frontal (e.g., prefrontal cortex)] are fundamentals for performance (Balser et al., 2014;
Hiilsdiinker et al., 2018). Moreover, players must deal with factors that challenge their concentration (i.e.,
climate alterations, opponent behavior, and own game actions) and use cognitive skills to control these
(Stefanello, 2007). The seminal mental fatigue research has focused on the effect of mental fatigue on
subsequent physical performance with laboratory approaches (Marcora et al., 2009). In this respect, mental
fatigue prior to sports tasks results in impaired visual perception (Van Cutsem et al., 2019), decision-making
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(Fortes et al., 2020; Gantois et al., 2020), endurance and technical performance (Smith et al., 2015) of players of
sports with perceptual-cognitive emphasis. Moreover, contextual effects on mental fatigue, such as travel and
fixture congestion exerts a low to moderate effect on mental fatigue levels (Thompson et al., 2020). Specifically,
in beach volleyball, a single study found that mentally fatigued young athletes performed worse at attack
performance during simulated matches (Domingos-Gomes, 2019). Therefore, it is not known whether world
class athletes experience mental fatigue in real-world beach volleyball settings during official tournaments.

To date, two studies have demonstrated increased mental fatigue after official matches in the real-world
padel (Diaz-Garcia et al., 2021) and netball (Russell et al., 2020) settings. However, these sports have limited
comparability to beach volleyball characteristics. For example, the event duration and team formation (i.e.,
number of players) are different in beach volleyball. Moreover, in official tournaments it is common for the
teams to play two matches per day, and mental fatigue seems not be dissipated immediately after finalizing a
cognitive task (Smith et al., 2019). Additionally, it is unclear whether official match outcome and technical-
tactical effort are linked with mental fatigue. Thus, the present study aimed to investigate mental fatigue
experienced by world class beach volleyball players during matches in a Brazilian Beach Volleyball
Tournament, comparing the subjective mental fatigue pre-to-post-match, and according to the official match
outcome (i.e. interaction effect). The secondary aim was to associate mental fatigue with technical-tactical
efforts. We hypothesized a priori that subjective mental fatigue would increase after official beach volleyball
matches. Additionally, subjective mental fatigue would increase after a defeat more than after a win, and more
after matches with high technical-tactical difficulty more than matches with low technical-tactical difficulty.

Material & methods
Participants

The data analyses were from 30 official matches, and 69 % of these matches were completed after two
sets and had a mean of 81 + 21 rallies per match. Seven senior beach volleyball players volunteered to
participate in this study [Female (n=2): age = 24.50 + 2.12 years; height = 1.73 £+ 0.04 m; Male (n=5): age =
28.20 £ 3.96 years; 1.91 £ 0.06 m]. These athletes were considered World Class characterized by participation in
national / international competitions and being in the top 20 in the world rankings (McKay et al., 2022). All
participants won at least one World Championship (i.e., U19, U21 or Senior), and one represented the Brazil
National Team in the Summer Olympics Games — Tokyo 2020. Players were in a competitive period and did not
report any injuries or mental disorders that excluded them from participating. The procedures, risks, and benefits
were explained to coaches and players before providing written consent. This study followed the Helsinki
Declaration, and the local Research Ethics Committee approved the procedures. One player chose to not
participate, which explains our analysis of seven participants, not eight.
Procedures

Two weeks before the first beach volleyball tournament, players were explained the definition of mental
fatigue and familiarized with instruments used to measure subjective mental fatigue and technical-tactical effort.
Moreover, they practiced the use of the instruments until the competition to familiarize themselves. Researchers
provided feedback when necessary. Data were collected during two national Tournaments Elite Top 8 (i.e., the
main Brazilian tournament that competed the eighth best team in accordance with national ranking), and the
players accessed the virtual platform to provide answers 30 minutes before warm-up and up to 10 minutes after
the end of the match, and always used their own smartphone. In addition, coaches reminded the athletes to
respond and knew the definition of mental fatigue.
Variables and instruments

The PsyToolkit Platform [https://www.psytoolkit.org/ (Stoet, 2017)] was used to make the
questionnaire. Before reporting the mental and technical-tactical effort it was necessary to input name, match
number of the day, and moment of the report (before or after the match). Moreover, the date and time were
automatically collected and used to organize the match sequence. Match outcome and rally number was retrieved
from the official website of Brazilian Volleyball Confederation.
Mental Fatigue

A digital visual analogic scale (VAS) was used to measure subjective mental fatigue as previously
adopted (Thompson et al., 2020). The participants answered “How mentally fatigued do you feel now?” through
the slider scale anchored 0 (left) — none at all (i.e., mentally rested) and 100 (right) — maximal (i.e., mentally
tired). The mark was to slide a digital point over the line. The subjective mental fatigue levels were classified as
0 — 10 (no fatigue), > 10 to 40 (mild fatigue); >40 to 70 (moderate fatigue); > 70 (severe fatigue) as described by
Costa et al. (2022).
Technical-tactical effort

Similar to subjective mental fatigue, the technical-tactical effort was measured using a digital VAS
adapted by Barrett et al. (2018). Participants were requested to answer “How was your technical-tactical effort
during the match?” through the slider scale anchored 0 (left) — minimum (i.e., used the minimal own technical-
tactical skills) and 100 (right) — maximal (i.e., used the maximal own technical-tactical skills). The mark was to
slide a digital point over the line.
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Statistical analysis

The data had a normal distribution and homogeneity verified by Shapiro-Wilk and Levene tests,
respectively. Thus, means and standard deviation (SD) were used for data presentation. The one-way analysis of
variance (ANOVA) with repeated measurements was used to compare mental fatigue level in four moments
(pre- Vs. post-match; first Vs. second match of the day), and Bonferroni post-hocs tested for paired differences.
In addition, independent Student t-tests (between-groups) were used to compare mental fatigue level after match
in accordance with outcome (i.e., win or lose). In addition, linear regression univariate was performed between
mental fatigue and technical-tactical effort.

The effect size was measured using partial eta-square (rlpz) from the ANOVA, interpreting the
magnitude as described by Mesquita et al. (2019): small - 0.01; moderate - 0.09; and large: 0.25. Moreover,
Cohen’s d measured effect size for pairwise analyses, interpreted as suggest by Hopkins et al., (2009): trivial — <
0.2; small — 0.2 to 0.5; moderate — 0.6 to 1.1; large — 1.2 to 1.9; very large — 2.0 to 3.9. Moreover, linear
regression was performed to check the association between mental fatigue and technical-tactical effort All
statistics were performed in SPSS (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp),
and we set the alpha level as p < 0.05 a priori.

Results

Perceived mental fatigue data are visualized in Figure 1. A difference between pre and post-match was
observed for the perceived mental fatigue VAS [F(1.82 29.26)= 6.152; p= 0.007; np2 = 0.278, large effect;
power= 0.833], and a significant cubic trend was evident [F(1.00 16.00) = 19.677; p < 0.001; np2 = 0.552, large
effect; power= 0.986]. No difference was observed in relation to mental fatigue according to match outcome at
the p < 0.05 level (Win: 54.14 £23.24 Vs. Loss: 69.66 £27.24; p = 0.064; ES = 0.639, moderate effect).
Moreover, mental fatigue showed a linear relationship with technical-tactical effort [(R2 = 0.47; p < 0.001)
visualized in Figure 2].

1004 < 3 Pre (1st match)

1 Post (1st match)
Pre (2nd match)

Moderate 2 Post (2nd match)
“Threshold

Mental Fatigue

Time (Pre and post-matches)

Figure 1. Comparison of mental fatigue feeling pre-to-post match. Note: *Time effect: pre-to-post match p <
0.05
y=18.724 + (TTE * 0.689)
R*=0.47; p < 0.001
1004 * o

Mental Fatigue

u T T T T 1
0 20 40 60 80 100

Technical-Tactical Effort

Figure 2. Linear regression univariate between mental fatigue and technical-tactical effort. Note: TTE: technical
tactical effort.
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Discussion

The present study aimed to investigate subjective mental fatigue experienced by beach volleyball
players during the Brazilian Beach Volleyball Tour, before and after the first match of the day, and the second
match of the day. We also examined whether subjective mental fatigue associated with technical-tactical efforts.
Subjective mental fatigue increased after official matches compared to pre-post-match (mild to moderate
fatigue), corroborating our hypothesis. A cubic trend was observed when analyzing two matches on the same
day. In other words, this showed that mental fatigue was elevated pre- to post-match and was attenuated in the
interval between matches but did not return to initial levels. A moderate effect size of match outcome was
observed for mental fatigue VAS, so perhaps losing a match maximized mental fatigue. Moreover, technical-
tactical effort explained 47% of mental fatigue variation. Thus, this seems to confirm our second hypothesis. To
the best of our knowledge, this is the first study to measure mental fatigue in a real-world sport setting in beach
volleyball and relate it to technical-tactical effort.

Mental fatigue is characterized primarily by feelings of fatigue and/or lethargy after performing
cognitively demanding tasks (Boksem & Tops, 2008; Marcora et al., 2009). The cognitive requirement in beach
volleyball is resultant from the tactical complexity, time pressures, number of actions per match, and the fact that
substitutions are not permitted so two players cannot rest within the match time (Costa et al., 2021; Klostermann
et al., 2015; Noél et al., 2016). In this sense, specific skills are often “open” (i.e., unpredictable environment that
requires motor adaptability) and seem to induce more mental fatigue (Coyne et al., 2021). In comparison to the
other cognitive activities, mental fatigue values after beach volleyball in the present study (i.e., ~58) were similar
to AX-CPT or Stroop Tasks [i.e., ~54; (Le Mansec et al., 2018; Smith et al., 2015)], and greater than video-
gameplay (Fortes et al., 2020). Moreover, the delta perceptual pre — post-match of ~67% seems slightly higher
than ~63% observed with netball matches (Russell et al., 2020), but was considerably less than the ~161%
reported by soccer players (Thompson et al., 2020). This variation can be explained by the duration of the match
and cognitive demands. Netball has a duration of 60 minutes and beach volleyball can reach > 51 minutes in
very balanced matches (Palao et al., 2012). Nonetheless, in beach volleyball the tactical construction depends on
interaction climate conditions (e.g., wind speed), opponent, and only two players (netball has seven players per
team). Moreover, it is commonly that players do not have coaching assistance during beach volleyball. These
factors seem to contribute to a high mental load and consequently induce higher levels of mental fatigue in beach
volleyball. Despite football having 11 players, the duration of the game is longer (i.e., 90 minutes), and may be
more mentally fatiguing.

In general, we demonstrated that a residual amount of mental fatigue was carried between matches on
the same day. This corroborates data from padel matches (Diaz-Garcia et al., 2021) but no existence of residual
mental fatigue in relation to matches in subsequent days was observed, it is possible that the same happens in
beach volleyball. Moreover, these authors also reported an impairment in reaction-time in Psychomotor
Vigilance Task [i.e., objective mental fatigue indicator (Smith et al., 2019)], which suggests that subjective and
objective tools agree. In relation to match outcome, although no difference was observed between mental fatigue
after winning or losing a match, the moderate effect suggests that losing a match increases mental fatigue
perception. Similar observations have been reported in soccer players who reported greater mental fatigue the
next day after a loss (Abbott et al., 2020). Probably, a meaningful difference existed, but the small sample did
not have power to show a difference with an alpha < 0.05. Failure can result in discouraging environments
(Sonnabend, 2020), and motivation is an important mental fatigue moderator (Martin et al., 2018). Furthermore,
we demonstrated a relationship between mental fatigue and technical-tactical effort, which means that the greater
the difficulty in winning the match, the more mentally fatigued the athlete ended the match. Therefore, perhaps
the increased levels of mental fatigue in defeat are not only related to the negative environment generated, but
the greater technical-tactical challenge of the match.

The practical application of the present investigation is to avoid cognitive activities immediately prior to
official matches, and time between matches should be used to recover physically and mentally. Mental fatigue
was associated with impairment in decision making and technical-tactical performance by review (Costa et al.,
2022), and this can occur precisely at the most decisive points where athletes are most mentally fatigued (e.g.,
near the end of the match). Moreover, after losing a match, coaches can try to motivate players to minimize
mental fatigue and improve readiness for subsequent matches. In very balanced matches, it may be that
resistance to mental fatigue is a differentiator in winning or losing the match because increased adenosine, and
decreased dopamine in the anterior cingulate cortex appears to reduce attention and concentration (Smith et al.,
2018). Therefore, in the future, in addition to clarifying this question, substances and techniques that can
mitigate mental fatigue can be tested to provided practical recommendations’, bus is necessary respect World
Anti-Doping Agency (WADA) prohibited list. The main strength of this study is that we investigated perceived
mental fatigue in world class athletes ‘in the wild’. Yet, this study has limitations which we must acknowledge.
Firstly, the present methodology was limited to using a subjective instrument to measure mental fatigue (VAS).
However, this tool is sensitive to mental fatigue (Smith et al., 2019), and has adequate internal consistency and
temporal stability (Diaz-Garcia et al., 2021). Moreover, we minimized risk of bias and measurement errors by
familiarizing athletes and trying to increase metacognitive skills as suggested by Thompson et al., (2019). In the
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future, one could try to use cognitive tests or neuroimaging resources (i.e., electroencephalogram), but this could
prove difficult in terms of logistics and participant burden.

Conclusions

In conclusion, moderate levels of mental fatigue are reached after official beach volleyball matches.
Furthermore, these levels are partly explained (47%) by technical-tactical effort and losing seems to contribute to
higher levels of mental fatigue. Therefore, it is plausible to suggest that cognitive activities should be avoided
before official matches. In the futurere, sources that can mitigate mental fatigue should be tested. In addition, it
may be investigated how levels of mental fatigue discriminate game outcomes and whether more successful
athletes are mental fatigue resistant.
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