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Introduction: Mental fatigue (MF) has been shown to a�ect several

domains of team sports performance, including physical, technical, and

perceptual-cognitive aspects. This study examined whether subjective ratings

of mental fatigue (MF) are associated with technical-tactical performance in

adult male basketball o�cial games.

Methods: Fourteen semiprofessional players (age: 22.1 ± 3.8 years) were

monitored across 15 in-season weeks, encompassing 17 o�cial games. The

day before the game, players reported their level of MF using 100-mm visual

analog scales. Technical-tactical performance during games was assessed by

retrieving game-related statistics (GRS) (points; 2-point shots (2P) made; 2P

missed; 2P percentage (2P%); 3-point (3P) shots made; 3P shots missed; 3P

shot percentage (3P%); free-throws (1P) made; 1P missed; 1P percentage (1P%);

o�ensive rebounds; defensive rebounds; assists; steals; turnovers; blocks; blocks

against; fouls committed; fouls drawn; and Performance Index Rating). To

control for games with di�erent paces, games were coded as faster or slower

according to the number of ball possessions. Separate linear mixed models

evaluated the e�ects of variations in MF (z-scores) on GRS.

Results: MF did not influence any GRS (all p > 0.05), while 3P misses were higher

in faster games compared to slower (p = 0.049).

Conclusions: Subjective ratings of MF are not associated with technical-tactical

performance in male semiprofessional basketball. Current findings indicate that

male semiprofessional basketball players are able to maintain technical-tactical

performances despite the presence of MF.
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1 Introduction

Basketball is a team sport in which two teams compete for

victory. Sport science and performance analysts have studied

the multiple domains of basketball performance, including

the physical, physiological, perceptual-cognitive, and technical-

tactical aspects, to identify which factors discriminate successful

performances (Stojanovic et al., 2018; Çene, 2018; Fortes et al.,

2022). While physical and physiological elements do not seem

to discriminate successful teams within competitive standards

(Sansone et al., 2025), many studies have identified that game-

related statistics (GRS) (i.e., points, rebounds, turnovers, etc.)

discriminate better team sport performances (Çene, 2018; Zhang

et al., 2020) as well as more skilled players (Gasperi et al.,

2020; Gomez et al., 2009; Mateus et al., 2020). Thus, GRS are

considered one of the essential performance aspects that basketball

performance staff must consider to optimize their players’ and

team’s chances of success in competition.

Key performance indicators such as shooting statistics (i.e.,

shots made, accuracy), rebounding, assists, and turnovers depend

on basketball fundamentals (i.e., perceptual-cognitive and technical

skills) (Conte et al., 2019; Daub et al., 2023a,b), and on players’

tactical abilities, which can be conceptualized as the ability of the

player to appropriately act in the complex, dynamic, and non-

linear scenarios emerging in basketball matches (García-Rubio

et al., 2017; de Saá Guerra et al., 2013). For instance, to score,

the basketball player needs to have a proper shooting form (i.e.,

technical skill) (Li et al., 2021) and undertake an appropriate

decision on if/when to take a shot relevant to the specific game

scenario (i.e., tactical ability) (Okazaki and Rodacki, 2012). Similar

examples exist for other GRS. For instance, rebounding requires

both a good technique for boxing out, jumping, and securing

the ball (i.e., the skill) alongside assessment of the situation and

court presence with timely planning of all actions. The dynamic

and stochastic nature of basketball (de Saá Guerra et al., 2013;

Stojanovic et al., 2018) implies that decision-making, perceptual-

cognitive processes (i.e., attention, visual search behavior, and

pattern recognition), and reactive abilities (i.e., players’ tactical

abilities) are elemental aspects of successful performance (Fortes

et al., 2022; Kinrade et al., 2015). Accordingly, these performance

determinants are well-understood by basketball coaches and

performance staff, who regularly implement skills and tactical

training (i.e., small-sided matches) (Bredt et al., 2021; Sansone

et al., 2023) to appropriately prepare players for matches, aiming

to increase the team’s success.

While physical training preparation is important for basketball

athletes, players must be prepared cognitively for competition.

Suboptimal cognitive conditions, such as the presence of mental

fatigue (MF), have been documented to impair key team sport

performance aspects (Cutsem et al., 2017; Sun et al., 2021). MF

is the psychobiological state caused by high cognitive effort from

cognitive load (e.g., short-time with high complexity cognitive

activity or prolonged periods with low complexity cognitive

activity) that results in feelings of tiredness, lethargy, and lack of

energy (Marcora et al., 2009; Smith et al., 2016), leading to early

disengagement from physical performance and poor executive

function (Smith et al., 2018). Further, MF-induced impairments of

executive function can lead to poorer psychomotor performance

(Habay et al., 2021), such as accuracy, response time, attention on

task, action preparation, and planning (Smith et al., 2018; Habay

et al., 2021). As these cognitive performance aspects underpin

technical-tactical performance in basketball (i.e., fundamentals),

monitoring MF alongside basketball GRS may assist with players’

performances and, in turn, team success. Previously, MF was

reported to impair several key aspects of basketball technical-

tactical performance, including shooting (Filipas et al., 2021; Daub

et al., 2023a,b), visuomotor (Faro et al., 2023) and decision-

making skills (Fortes et al., 2022). However, other technical-

tactical performance variables essential for basketball success, such

as rebounding, assists, and fouls (Gomez et al., 2009; Zhang

et al., 2020; Sansone et al., 2024), have not been investigated

with MF. Importantly, while previous basketball studies have

provided valuable information on the effects of MF on selected

performance parameters, none have assessed technical-tactical

parameters within the most important ecological setting, namely

official matches. As recently suggested by Lam et al. (2025), it

is essential to consider MF within ecological sport settings to

better comprehend this interesting phenomenon. Therefore, this

study aimed to examine the impact of MF on basketball technical-

tactical performance (i.e., GRS) during official basketball matches.

We hypothesize that higher MF levels will correspond with lower

technical-tactical performances.

2 Materials and methods

2.1 Participants and study design

Fourteen adult male basketball players (age: 22.1 ± 3.8 years;

height: 192.6 ± 8.8 cm; body mass: 85.5 ± 9.1 kg) voluntarily

participated in this study. Players competed within an interregional

basketball league (Tier 3 according to McKay et al., 2022) and

typically participated in 5 team-based basketball training sessions,

2–4 individual physical training sessions, and 1–2 official matches

per week (Tier 3) (McKay et al., 2022). Each player was informed

about the study procedures and provided informed, written consent

under approval by the Institutional Review Board of the Pegaso

Telematic University (#001218).

It was an observational study with a longitudinal design

(repeated measures). Players were monitored for 15 consecutive

weeks during the 2024–2025 basketball season, encompassing

17 official matches. Data from players who had <5min of

playing time in single games were excluded (Gomez et al.,

2009), which led to a total of 119 observations (50% of

possible observations).

2.2 Monitoring of subjective mental fatigue

Before the data collection, an experienced sport scientist

explained the definition of MF psychobiological state induced

by high or prolonged cognitive effort characterized by feelings

of tiredness, lethargy, and lack of energy to facilitate players’

understanding and avoid confusion throughout the study (Marcora

et al., 2009; Smith et al., 2016).
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Subjective MF ratings were collected the day before official

games (i.e., MD-1), which was typically a rest day scheduled at the

end of the training week. MD-1 was preferred to reduce the risk

of inaccurate reporting by athletes, as previous evidence suggests

they can lie due to concerns about potential misinterpretations

of subjective data and reduced sport opportunities (Coventry

et al., 2023) (i.e., reductions in playing time). Players reported

their MF using 100-mm visual-analog scales, with two anchors

(0: no mental fatigue; 100: maximal mental fatigue). This method

has been demonstrated to be valid and practical (Smith et al.,

2019) for registering subjective MF ratings and used in relevant

team sports research (Daub et al., 2023a,b; Díaz-García et al.,

2023). For each athlete, MF Z-scores (MF-Z) were calculated

as follows: (today’s individual player score—individual player’s

average)/individual player’s standard deviation (SD). The Z-score

represents the number of SDs the player’s MF rating was above

or below the mean of the distribution (Gallo et al., 2016). When

collecting athlete-reported outcome measures, Z-score calculation

allows an understanding of the relative change in response for each

player (Ryan et al., 2018), thus providing accurate information for

each individual and limiting potential confounding effects related

to the interpretation and use of the subjective scale used.

2.3 Game-related statistics

For each game, the following individual GRS were retrieved

from the official league statistics website: points; 2-point shots (2P)

made; 2P missed; 2P percentage (2P%); 3-point shots made; 3-

points shots missed; 3-point shot percentage (3P%); free-throws

(1P) made; 1P missed; 1P percentage (1P%); offensive rebounds;

defensive rebounds; assists; steals; turnovers; blocks; blocks against;

fouls committed; fouls drawn; and Performance Index Rating (PIR,

calculated as [points + rebounds + assists + steals + blocks +

fouls drawn]—[missed field goals + 1P missed + turnovers +

blocks against + fouls committed]). These variables were selected

as the prominent technical-tactical performance indicators used in

basketball research (Sansone et al., 2024; Zhang et al., 2017; Gómez

et al., 2008) and practice. To control for match exposure, GRS were

normalized by the individual playing time (e.g., a player scoring

10 points over 20min of playing time = 0.5 points per minute)

(Sansone et al., 2024; Gomez et al., 2009).

To control for the effect of game pace (Chen et al., 2025), the

number of team ball possessions was quantified using the following

established formula (Charamis et al., 2023): possessions = field

goals attempted – offensive rebounds + turnovers + 0.454 ×

free throws attempted. Then, k-means cluster analysis was used

to classify games as fast (cluster center: 87.5 possessions) or slow

(cluster center: 78.9 possessions) paced (Chen et al., 2025).

2.4 Statistical analyses

Statistical analyses were performed using Jamovi software

(version 2.3; https://www.jamovi.org/), with the α level set at 0.05.

Visual inspection of all data was performed to assess distribution

and outliers. The variable block against was excluded due to an

excessive number of outliers. Separate linear mixed models (one

TABLE 1 Descriptive data for the game-related statistics.

Performance indicator Mean and standard deviation

Points 0.36± 0.23

2P made 0.10± 0.08

2P missed 0.11± 0.07

2P% 46.29± 29.35

3P made 0.03± 0.04

3P missed 0.09± 0.10

3P% 27.70± 28.54

1P made 0.06± 0.07

1P missed 0.03± 0.05

1P% 66.76± 28.27

Offensive rebounds 0.07± 0.09

Defensive rebounds 0.12± 0.11

Assists 0.06± 0.07

Steals 0.03± 0.03

Turnovers 0.08± 0.08

Blocks 0.02± 0.04

Fouls committed 0.12± 0.10

Fouls drawn 0.08± 0.09

PIR 0.31± 0.38

All game-related statistics are normalized per minute of playing time.

for each GRS) were performed to evaluate if technical-tactical

performances were influenced byMF-Z or game pace (fixed effects),

while players’ ID was inserted as a random effect to account for

repeated measures. For each model, Akaike’s Information Criterion

(AIC), F-, and P-values were reported.

3 Results

Table 1 reports the descriptive statistics for all GRS during the

season. Table 2 reports the AIC, F, and p-values for all models.

There were no significant effects of MF-Z on any GRS (all p >0.05,

Figure 1 for a sample of GRS). Regarding game pace, only 3Pmissed

were influenced with higher values during fast compared to slow

matches (0.10± 0.07 vs. 0.07± 0.05; p= 0.049).

4 Discussions

This study was the first to assess whether MF affects basketball

technical-tactical performance during official games. Contrary to

our hypothesis, current findings indicate that, in adult male semi-

professional players, subjective MF ratings collected the day before

the game were not associated with GRS in the game played the

subsequent day. Therefore, it appears that, in ecological settings,

subjective MF does not affect technical-tactical performance in

basketball, which should be considered by basketball practitioners

monitoring the player’s status by means of athlete-reported

outcome measures.
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TABLE 2 Results of the linear mixed models.

Performance
indicator

AIC MF-Z Game pace

Points −12.31690 F = 0.807,

p= 0.371

F = 0.112,

p= 0.738

2P made −225.88520 F = 0.8492,

p= 0.359

F = 0.0586,

p= 0.809

2P missed −255.1336 F = 0.480,

p= 0.490

F = 1.860,

p=0.176

2P% 1015.9154 F = 0.00947,

p= 0.923

F = 1.49946,

p= 0.224

3P made −370.051 F = 0.0802,

p= 0.778

F = 0.0473,

p= 0.828

3P missed −214.2078 F = 2.34,

p= 0.130

F = 3.96,

p = 0.049

3P% 684.0053 F = 0.888,

p= 0.349

F = 1.476,

p= 0.229

1P made −264.91580 F = 0.0157,

p= 0.901

F = 0.2909,

p= 0.591

1P missed −342.4608 F = 1.277,

p= 0.261

F = 0.505,

p= 0.479

1P% 635.9662 F = 0.490,

p= 0.486

F = 0.691,

p= 0.409

Offensive rebounds −239.10620 F = 0.452,

p= 0.514

F = 0.005,

p= 0.949

Defensive rebounds −190.7931 F = 1.97,

p= 0.164

F = 3.51,

p= 0.064

Assists −274.67130 F = 1.4970,

p= 0.224

F = 0.0126,

p= 0.911

Steals −404.41450 F = 0.0457,

p= 0.831

F = 0.8569,

p= 0.357

Turnovers −248.5562 F = 0.0871,

p= 0.769

F = 2.2687,

p= 0.135

Blocks −369.35840 F = 0.1759,

p= 0.846

F = 0.1759,

p= 0.676

Fouls committed −188.7038 F = 2.0349,

p= 0.157

F = 0.0671,

p= 0.796

Fouls drawn −232.602 F = 0.002,

p= 0.966

F = 0.145,

p= 0.704

PIR 99.9351 F = 1.5086,

p= 0.222

F = 0.0293,

p= 0.864

Significant effects in bold.

To date, the negative effects of MF on sports performance

have been reported predominantly within controlled, experimental

test settings (Habay et al., 2021) where performance was evaluated

following the exposure to MF-inducing protocols (e.g., often a 30-

min Stroop test). In such studies, MF was reported to negatively

impact technical-tactical performance, including decision-making,

accuracy, passing, and shooting for basketball athletes (Fortes

et al., 2022; Filipas et al., 2021; Smith et al., 2016). While these

performance domains underpin the GRS monitored in the current

study, no association between subjective MF and performance

was found. Our results agree with a recent study reporting that

subjective MF ratings were not associated with technical-tactical

FIGURE 1

Data of selected game-related statistics according to variations in

mental fatigue.

performance in Australian Football matches (Joseph et al., 2025). A

potential explanation for the lack of association between subjective

MF and GRS in the current study, as well as in recent findings

fromAustralian Football (Joseph et al., 2025), relates to the different
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approaches used to assess MF. Experimental studies typically

induce MF acutely through controlled cognitive tasks (e.g., Stroop

tests), often resulting in marked impairments in performance

(Fortes et al., 2022; Filipas et al., 2021; Smith et al., 2016). In

contrast, descriptive studies conducted in ecological settings (i.e.,

across the competitive season) have monitoredMF using subjective

questionnaires (Díaz-García et al., 2023; Russell et al., 2020;

Thompson et al., 2020), which might capture more chronic and

variable levels of MF. These differences in methodology may partly

explain the inconsistent results. Further exploring the temporal

nature of MF, this phenomenon occurs naturally in sports settings

(Lam et al., 2025) and can manifest acutely (i.e., after a specific task

or exertion), cumulatively (i.e., evolving during the competitive

season), or both (Russell et al., 2022, 2019; André et al., 2025). In

fact, recent relevant studies (Russell et al., 2019; Lam et al., 2025)

have emphasized the importance of considering the cumulative

nature of MF as this is a key feature of how athletes experience

it. When considering our direct findings and those of Joseph

et al. (2025), and following what André et al. (2025) indicated, it

can be hypothesized that athletes develop a degree of tolerance

or adaptation to MF, intended as a reduction in their mental

fatigability or MF-susceptibility (André et al., 2025), across the

competitive season (André et al., 2025) which allows them to

maintain performances despite the presence of subjective MF.

In fact, it is important to acknowledge here that increased

motivation, willpower and the perceived value of the reward

from the activity can counteract the negative effects of MF

on performance (Schiphof-Godart et al., 2018). These aspects

seem highly relevant for team sports seen their complex nature,

with athletes’ performances being determined by the non-linear

interaction between physical, physiological, technical-tactical,

psychological and contextual factors (Stojanovic et al., 2018;

Robazza et al., 2012; Sansone et al., 2025). It is thus plausible

to hypothesize that MF might affect performances differently on

specific days and phases of the competitive season. In a previous

study, professional basketball players reported the highest levels

of motivation on the game day (Clemente et al., 2019), obviously

stimulated by the importance and excitement induced by the

competitive setting. Along this line, the same could happen in

decisive season phases such as playoffs, play-outs and finals in

which the increased importance of games can benefit motivation

and willpower, thus counteract potential negative consequences

of MF. While previous studies have reported higher subjective

MF during congested schedules (Thompson et al., 2020) and in

critical phases of the season such as playoffs (Díaz-García et al.,

2023), these studies did not measure any performance outcome.

Seen the potential interaction of schedule, season phase, MF and

performance, we recommend future team sport studies to monitor

these aspects concurrently.

In the current study, subjective MF was assessed the day before

the match (MD-1) which is typically characterized by substantial

reductions of training load (Clemente et al., 2019; Manzi et al.,

2010) and thus may not capture acute or peak levels of fatigue.

Differently, in experimental studies MF is induced immediately

before performance testing. While the temporal gap between

MF assessment and the game in this study may have limited

the sensitivity to detect such effects, the game day is typically

associated with higher motivation and improved wellbeing in

basketball (Clemente et al., 2019). Thus, it is plausible that, in the

current study, players were cognitively prepared, motivated by the

upcoming competition and sufficiently rested, which led to the

absence of any negative effect of subjective MF on technical-tactical

performance. Seen that team sport athletes can differentiate MF

from subjective feelings of mood, stress and motivation (Russell

et al., 2022), these factors may contribute to the absence of a

relationship between subjective MF and performance in this study.

Regarding the game pace, more 3P were missed in fast-paced

games. Such games are characterized by a higher number of

ball possessions (Charamis et al., 2023), which leads to more

shots registered, including three-pointers. These 3P shots might

be especially taken in transition offense, a scenario that is more

frequent in faster-paced games compared to slower ones (Chen

et al., 2025), in order to take advantage of potential imbalances in

the opponent’s defense.

This study has indicated that MF had no impact on GRS in

semi-professional basketball players during a full season, indicating

well-prepared athletes. However, some limitations exist, including

the monitoring of a single team within a semi-professional

competition, the data collection scheduled on the day before

competition, and only in male settings. Future research on mental

fatigue (MF) and basketball performance should monitor other

samples (i.e., elite players, women), measure MF levels right before

competition, and aim to provide actionable insights for coaches

and practitioners by incorporating objective MF markers (e.g.,

brain-based measures) (Roelands and Jeroen, 2022). Additionally

contextual factors (e.g., game schedule, academic demands)

should be taken in consideration alongside the assessment of

additional perceptual-cognitive variables potentially linked to

game-related statistics (such as motivation and mood). This

approach may enhance support strategies to better prepare athletes

for competition despite fluctuating cognitive states.

5 Conclusions

The current study shows that, in adult semiprofessional

male basketball, subjective mental fatigue ratings collected the

day before competition were not associated with technical-

tactical performance, as measured by game-related statistics.

These findings suggest that, under typical in-season conditions,

players may be able to maintain performance despite varying

levels of mental fatigue—an important consideration for coaches

and support staff when interpreting athlete readiness and

planning interventions.
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