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Abstract

In addition to physical skills and fundamental coordination, success in ball sports is significantly influenced by athletes'
ability to process information within complex and rapidly changing environments. Executive functions are pivotal for
enhancing sports performance. This study elucidates that superior mental toughness, and executive functions contribute
to improved sports outcomes. The research assessed the mental toughness of elite Hungarian women's basketball players
in the first division using the Sports Mental Toughness Questionnaire (SMTQ) and evaluated their executive functions
with the Vienna Test System (VTS) Determination Test (DT). Twenty professional players, with an average age of 24 years
(range: 19-35 years), were randomly selected for the study. The sample comprised 14 field players and six center players,
with 16 Hungarian and four foreign players. These athletes compete at an elite level in Hungary’s first division and engage
in an average of nine weekly training sessions (range: 8-10). The SMTQ and DT tests were administered before daily
training sessions between August and September 2022. Data were analyzed using the JASP statistical program, and
correlation calculations were performed with the Scipy v1.7.1 module under Python v3.9.7. The results were compared
with international statistical data from the InStat Scout system. The findings indicate that the SMTQ and executive
functions (DT) of the participating team members were above average. Specifically, field players demonstrated a higher
number of correct responses in decision-making situations compared to center players. The athletes’ strength was
evidenced by their high SMTQ scores and superior performance on various DT aspects, including executive functions,
reactive stress tolerance, and missed reactions. Players with higher SMTQ and DT scores were more likely to excel in the
InStat Scout system. Incorporating SMTQ and VTS methods into psychological training for ball-sport athletes could be
beneficial. Further research across different populations and team sports is recommended to integrate these findings into
athletes' mental preparation strategies.

Keywords: Basketball, Executive Functions, Mental Toughness, Sports Mental Toughness Questionnaire, Determination
Test, InStat Scout System.

Introduction of information (Vestberg et al., 2012). Research by Penner
et al. (2012) indicates that cognitive development can be
Basketball is one of the most widely played team sports enhanced through cognitive interventions in healthy
globally, typically ranking as the second most popular individuals. Performance is significantly affected by
sport with approximately 450 million registered players biological factors, training, nutrition, and environmental
(Ratgéber et al., 2019). Effective training programs for influences such as experience (Bragazzi et al., 2020).
basketball integrate cultural, biological, and psychological High performance in sports is often characterized not only

aspects of human physical activity (Carbinatto et al., 2011). by general physical fitness but also by psychological
Success in ball sports extends beyond physical skills and readiness (Balogh, 2014). Different sports require distinct
fundamental coordination; it also relies on athletes' ability skill sets (Furley & Wood, 2016). Historically, exceptional

to process information within complex and rapidly athletes have been primarily assessed based on physical
evolving contexts. Proficient team players exhibit prowess, but there is a growing recognition of the
exceptional spatial awareness and must be capable of swift importance of cognitive factors in sports performance
adaptation, strategic adjustments, and reaction inhibition. (Furley et al., 2016). Athletes must navigate rapidly
Executive functions are crucial for decision-making, changing environments, processing extensive external
particularly under time constraints. During a game, information and making swift decisions. Executive
basketball players need to assimilate substantial amounts functions are crucial in achieving high performance.
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Research involving twins suggests that genetic factors
predominantly influence executive functions, yet there is
evidence indicating that physical exercise can enhance
these cognitive abilities (Sakamoto et al., 2018). High-
performance athletes demonstrate optimal mental,
cognitive, affective, and emotional functioning (Németh &

Balogh, 2020) (Figure 1).
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Figure 1: The Relationship between Mental Toughness
and Executive Functions.

This study aimed to explore the relationship between
executive functions, mental toughness, and performance
scores from the InStat Scout System. The investigation
began with a comprehensive review of relevant literature,
followed by an examination of the study's significance and
novelty. The methodology was detailed thoroughly, and
the results were analysed to draw pertinent conclusions,
with an emphasis on the practical implications of the
Additionally, the  study
recommendations for future research areas.

findings. provides

Review of the Related Literature

Executive Functions in Basketball

Executive functions are high-level cognitive processes that
help individuals respond effectively to novel situations
(Gilbert & Burgess, 2008; Muthuswamy & Varshika, 2023).
These include working memory, inhibitory control, and
cognitive flexibility (Carlson et al., 2013; Mujiatun et al.,
2022). Athletes must stay alert and retrieve relevant
information timely (Almayali et al., 2023; Vaeyens et al.,
2008). Given humans' limited information processing
capacity (Broadbent, 2013; Knudsen, 2007), executive
functions are crucial for success in team sports, where
players must rapidly anticipate and adapt to changing
conditions. In basketball, players manage vast amounts of
information and must focus on the most relevant details
for optimal performance, often limiting their ability to

consider every possible scenario (Furley et al., 2010; Valla,
2022). Singer et al. (2001) characterized selective attention
as a double-edged phenomenon in ball sports. It helps
athletes manage potential distractions but also presents
challenges. In basketball, attention and quick reaction
abilities are crucial (Németh & Balogh, 2021). As a team
sport, basketball frequently necessitates the simultaneous
execution of multiple skills (Furley et al., 2010; Hassain et
al., 2024). Elite athletes must possess not only tactical and
social competencies but also specific cognitive skills (Liu et
al., 2022; Németh et al., 2021). They must adapt to sudden
and diverse stimuli and make the most effective decisions.
The InStat Scout System offers valuable and reliable
insights into various performance metrics during
basketball games (Wagner et al., 2014).

Mental Toughness in Basketball

Mental toughness is crucial for athletes, helping them push
beyond comfort zones, overcome setbacks, and endure
intense stress (Cajide, 2023; Ratgéber et al., 2019). It
provides a psychological edge, enhancing consistency,
determination, and focus under pressure (Newland et al.,
2013). While largely innate, mental toughness can be
developed through experience (Liew et al., 2019; Shallal et
al., 2023). It involves self-belief, confidence, positivity, and
a commitment to learning and risk-taking. Mental
risk-taking,
psychological well-being, optimism, and coping skills
(Crust & Keegan, 2010; Nicholls et al., 2009; Stamp et al.,
2015), and is linked to higher performance levels in elite
athletes. Loehr (1985) defined mental toughness as the
athlete's capacity to optimally utilize energy during critical

toughness  correlates  positively ~ with

events and to positively navigate challenging or stressful
situations. Training cognitive skills enhances mental
toughness, which, according to Kobasa (1979), comprises
three dimensions: control, commitment, and challenge.
Individuals with high mental toughness exhibit calmness,
composure, low anxiety, and strong self-confidence, and
are capable of skill development (Mack & Ragan, 2008).

Environmental factors significantly influence mental
toughness, often  through psychological needs.
Connaughton et al. (2008) recommend that coaches create
environments exposing athletes to competition-related
stressors, as such conditions can foster the ability to
overcome adversity (Mahoney et al., 2014; Torma &
Balogh, 2021). Psychological needs impact performance
through mental toughness (Fourie & Potgieter, 2001).
Athletes with high mental toughness can employ trainable
self-regulation strategies to enhance mental resilience and
sustain competitive performance over time (Meggs et al.,
2014). Basketball, in particular, demands significant

psychological skills (Ratgéber et al., 2019). Nicholls et al.
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(2008) found significant gender differences in mental
toughness, indicating that gender plays a crucial role in this
attribute.

Elite and Novice Athletes

Experience is a key research area in cognitive sciences
(Gobet, 2000). Experienced athletes excel in decision-
making and risk assessment, showing quicker change
detection, better inhibition of inappropriate responses,
and improved stimulus-response planning (Macquet &
Fleurance, 2007; Nakamoto & Mori, 2012). They
constantly evaluate situations, create new opportunities,
and make swift decisions while inhibiting pre-planned
actions (Vestberg et al., 2012). Expert athletes significantly
outperform novices in mental abilities, including response
suppression and maintaining alertness (Sosa Gonzalez et
al., 2013; Verburgh et al., 2014). Cognitive performance
improves with athletic experience, leading to enhanced
attention tasks (Vaughan et al., 2019; Vaughan & Edwards,
2020). Greater athletic experience, positive affect, and
enhanced executive functions are typically associated with
improved performance (Vaughan & McConville, 2021)
Although our study did not include comparisons with
amateur athletes, it involved younger and less experienced
players (19-21 years). It was observed that stress tolerance
differs between novice and professional athletes, with the
latter demonstrating superior stress tolerance. There is a
notable relationship between stress tolerance and decision-
making quality. Addressing the spectrum of stress-related
emotional experiences—both negative (e.g., anxiety,
anger) and positive (e.g., self-confidence, relief)—is crucial
for optimal performance (Andersen, 2012).

The InStat Scout System

Numerous studies have investigated performance
indicators in basketball that influence match outcomes
(Escudero-Tena et al., 2021). The InStat Scout System is a
dependable method for performance evaluation (Silva &
Marcelino, 2023), offering a distinct parameter for
accurately assessing player performance and the
significance of their actions. This system employs an
automated algorithm to evaluate each player's
contribution to the team's success. It features a
comprehensive statistical database platform, which
includes global video footage for analysis and provides
detailed reports on teams, players, and coaches. The InStat
Scout System tracks players' performance with and without
the ball, assesses attack efficiency, calculates offensive and
defensive indices, records pre-shot combinations, and
evaluates players using the InStat index formula (Santos et
al., 2020). It offers a detailed video summary of players'

offensive and defensive actions, requiring players to meet

specific time and action thresholds to calculate the InStat
index. The aggregated game results are then reported and
entered into the InStat Scout system.

Significance of the Study

Sports Mental Toughness Questionnaire (SMTQ)

The SMTQ is widely utilized by researchers to assess
mental attributes in sports (Andersen, 2012). The SMTQ
represents a significant advancement in psychometrically
robust tools for measuring general mental toughness
(Sheard et al., 2009). It evaluates overall mental toughness
and its subcomponents through 14 items rated on a 4-
point Likert scale from "not at all true" to "very true"
(Goddard et al., 2019). In this study, both Hungarian and
foreign basketball players completed the SMTQ, with
scores exceeding the international average for the 16-20
and 21-35 age groups.

Vienna Test System (VTS), Determination Test (DT)

Evaluating cognitive abilities is crucial for sports that
involve dynamic and complex skills. Basketball, in
particular, demands constant adaptation and effective
decision-making. The VTS offers an objective assessment
of athletes' cognitive competencies, providing a valid and
reliable measure of their ability to manage stress and
recognize and capitalize on opportunities under pressure
(Kiss & Balogh, 2019). The VTS is a computer-based,
interactive assessment tool that examines various
psychological features relevant to athletes. Its main
strengths lie in its validity and reliability, making it
effective for identifying personality traits and cognitive
and psychomotor skills (Ong, 2015). The VTS assesses
both quantitative and qualitative aspects of decision-
making, attention, and concentration—key areas for
basketball performance—and serves as a valuable
complement to subjective evaluation methods (Ong,
2015). The DT evaluates executive functions, attentional
capacity, stress tolerance, and reaction speed in response
to unpredictable acoustic and visual stimuli (Ong, 2015). It
features two types of acoustic stimuli (high and low
pitches) and adjusts presentation speed based on the
athlete's reaction speed and accuracy. Andrade et al. (2020)
utilized the VTS to study 80 young soccer players, finding
that attention positively correlates with tactical behaviour
efficiency. This relationship suggests that heightened
attention improves tactical responses. Table 1 illustrates
these findings by comparing attention levels with tactical
behaviour efficiency, highlighting the positive impact of
attention on performance. Research using VTS in
basketball remains limited.
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Schrodter et al. (2023) investigated 86 novice and elite
referees using five assessments focused on time-and-
spatial anticipation, anticipation speed, visual orientation,
and spatial working memory. Their findings revealed that
elite referees significantly outperformed novices in spatial
anticipation (Table 2). In our study, we examined four key
variables: average reaction speed, number of correct
responses, number of incorrect responses, and number of
missed responses. The number of correct responses
indicates the respondent's ability to accurately and swiftly
choose the right action under pressure. Incorrect
responses reflect the athlete's susceptibility to confusion
under stress, while missed responses suggest difficulties in
maintaining attention during high-pressure situations,
potentially leading to disengagement (Kiss et al., 2019).

Table 1

Attention and Tactical Behaviour Efficiency of the Players
(Andrade et al., 2020).

Standard Standard
Measure Mean L

Deviation Error
COG - total correct reactions 57.86 796 0.89
COG - total incorrect reactions 31.29 11.19 1.25
COG - total incorrect non-reactions 2214 796 0.89
FUT-SAT - accuracy percentage of the tactical actions 81.59 937 1.05

Table 2

Results of VTS Visual Tests among Elite, Amateur, and
Novice Referees (Schrodter et al., 2023).

Expertise Level
Elite Referees Amateur Referees Novices
M D M i N 5D T [
The Viewsa T Systom
Spatial working memary ny 1l B8 68 05 At} [} 000
Visia orestation 1815 169 B3] 18 180 1] [ 0648
Perceptial speed BT 43 pili i 1y k1) M %1
Time anficipation ay 44 B840 na Uk} % e 152
Spatia antcipation ol 18 MR 182 bl 189 [le:7] am

Nate: Professional referees (= 26;n = 9for perceptual speed), amateur refenees (= 3), and students (n = 30).
Time anticipation and spatial anticipation lower score represent comparatvely beter performance. cores for
spatial anficipation are measured in median devitions in millmetres, scores for time anticipation are measured
inmedian deviation in hundredths of a second, and scoresfor spatial working memory, visual orentation, and
perceptual speed are measured as comect responses. Signiicant results p <001

Due to the fixed duration and adaptive nature of the test,
incorrect or missed responses extend the presentation time
for subsequent stimuli, potentially reducing the total
number of stimuli presented. Consequently, a higher
percentile rank for incorrect or missed responses correlates
with increased frequency of these responses. Our study is
innovative in its focus on the relationship between
executive functions, mental toughness, and InStat
statistical scores in basketball, an area previously
unexplored. Research on the neuropsychological and
neurophysiological functions of basketball players, or
athletes from various team sports, remains limited
(Montuori et al., 2019; Schumacher et al., 2018). While

Chiu et al. (2020) investigated behavioural and cognitive
electrophysiological differences among basketball players
based on playing position, their study used Syn-Amps
Electroencephalography (EEG) and the E-prime 2.0 neural
stimulation system, whereas our research addresses a gap
in this specific area of sports performance.

Purpose of the Study

The primary objective of this study was to explore the
correlation between InStat Scout System scores and mental
toughness levels in basketball players. We hypothesized
that players with higher mental toughness scores would
exhibit a greater percentage of correct responses on the
decision test. Additionally, we aimed to analyse differences
in performance based on player positions, categorizing
participants into two distinct groups: field players and
centre players.

Methods

Participants of the Study

The study involved twenty professional female basketball
players, randomly selected, with an average age of 24 years
(range: 19-35 years). The sample comprised fourteen field
players and six centre players, including sixteen Hungarian
and four international athletes. These players compete at
an elite level in Hungary's top division, with an average of
nine weekly training sessions (range: 8-10). None of the
participants reported color blindness, dyslexia, psychiatric
issues, or neuropsychological deficits that could impede
their performance on the DT. All participants were briefed
on the test procedures and provided informed consent.
The sampling method used was stratified, multistage
random sampling, ensuring that the sample's
characteristics closely mirrored those of the larger
population. This approach involved selecting items
proportionally from each predefined stratum (age,
position), with each individual having a non-zero
thereby

representativeness and minimizing bias.

probability = of  inclusion, ensuring

Study Design

Participants completed the SMTQ and DT tests before
daily training sessions between August and September
2022. They were all included in the InStat Scout database,
and results from the 2021/22 season were used for analysis.
Each player’s InStat index, which factors in game actions
and events, was analysed using JASP for statistical
calculations, providing both frequentist and Bayesian
analysis
performed with the Scipy v1.7.1 software package under
Python v3.9.7. The SMTQ scores, assessing mental

methods. Correlation  calculations  were
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toughness, followed a normal distribution with a reliability (M=43.53, SD=5.57) was comparable to the international

close to the appropriate range. The sample mean average reported by x* (Table 3).

Table 3
Construct Validity of the SMTQ, a Three-Factor, 14-Item Model (Sheard et al., 2009)
Confidence Constancy Control Total Mental Toughness
Factor SD M SD M SD M SD M
Competitive Standard
International (n=79) 2.82 1822 195 1397 2.60 11.34 5.57 43.54
National (n=150) 370 1749 195 1379 262 10.77 6.08 42.06
Country/Provincial (n=479) 317 1648 2.15 1273 224 10.77 5.45 39.99
Club/Regional (n=434) 3.00 1527 218 12.69 220 10.80 5.35 38.76
Gender
Male (n=778) 312 17.03 227 1292 232 10.92 5.67 40.88
Female (n=364) 3.05 1465 195 1299 225 10.61 5.29 38.25
Age Group

16-18 years (n=272) 1581 356 223 1290 229 10.71 5.88 39.43
19-20 years (n=505) 16.06 3.16 2.06 12.85 2.28 10.86 5.32 39.77
21-24 years (n=231) 16.59 3.00 220 12.87 229 10.51 5.85 39.98
25+ years (n=134) 1750 336 235 1349 236 11.44 5.77 42.43

Note, Data from combined samples (N=1142)

Results

The results from the SMTQ questionnaire reveal
deviations from international and age-specific averages.
For 16-20-year-olds, the international average is 39.60
(SD=5.60), whereas the athletes in this study scored 45.33
(SD=4.73). For the 21-27 age group, the international
average is 41.21 (SD=5.81), while the athletes scored 42.29
(SD=4.48). indicate that the mental
toughness of the basketball players is above average,

These results

excelling in confidence, perseverance, and leadership. The
decision test, which measures cognitive abilities, shows a
strong correlation between athletes' confidence and
performance, particularly in ball sports where processing
speed in dynamic contexts is critical. Both executive
functions and reactive stress tolerance were above average
across teams. The mean score for correct answers in the
decision test was 82.00 for outfield players and 81.17 for
centre players, suggesting that outfield players had a
slightly higher rate of correct responses. The number of
incorrect reactions indicates the tendency to confuse
responses and reflects the ability to sustain concentration
on simple tasks over extended periods. The athletes
assessed had an average score of 47.7 points, with a broad
range of results (10 to 100). This suggests that, generally,
women athletes are capable of maintaining adequate
concentration for prolonged durations. The number of
missed reactions, on the other hand, measures the ability

249

to maintain attention and persist in high-pressure
situations. The results showed a mean of 30.05 missed
reactions, with values ranging from 5 to 71. Despite this
variation, players generally demonstrate the capacity to
minimize distractions and maintain focus under stress.

The Pearson correlation analysis revealed a significant,
moderately strong correlation between reactive stress
tolerance and the number of failed reactions (r=0.53).
Additionally, a strong correlation was found between the
number of failed reactions and overall reaction performance
(r=0.58). Although SMTQ scores showed a weak correlation
with the InStat Scout statistic for "Field goals made"
(p=0.39), younger players in the study exhibited higher
confidence and better performance compared to their older
counterparts. This suggests that mentally resilient athletes,
who are more adept at managing risks, tend to have more
frequent and successful fielding attempts. Thus, mental
toughness appears to facilitate enhanced performance and
greater risk-taking behaviour in games. Analysis of SMTQ
sub-items revealed a moderately strong negative correlation
between the "control" perspective and age (r=-0.55),
indicating that older players may experience higher anxiety
and lower confidence. Additionally, a moderately strong
Spearman correlation was found between "perseverance"
and the InStat Scout "percentage of Field Goals" (p=0.41),
suggesting that players who are more committed and
responsible achieve better field goal percentages. Age did
not influence these results, consistent with findings by Toros
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et al. (2023), who reported no significant relationship
between age and SMTQ scores.

We also analysed plus/minus indicators from the InStat
basketball
distribution for normality. The mean plus/minus values did

Scout statistics program, assessing their
not reveal significant differences between player positions.
This indicator reflects team performance trends when a
player is substituted, with a higher plus value being
desirable. Pearson correlation analysis showed a strong
correlation between player height (and weight) and the
number of rebounds (offensive rebounds: r=0.78, defensive
rebounds: r=0.80) and blocks (r=0.56), indicating superior
performance in these metrics by centres. The number of
missed reactions (r=-0.52) and incorrect reactions (r=-0.57)
exhibited a moderately strong negative correlation with the
number of fouls, indicating that players who can better

Table 4

Correlations and Relationships between Variables

concentrate and maintain attention tend to commit fewer
personal fouls. Such players are more effective in
anticipating and responding in both defensive and offensive
situations. Additionally, erroneous reactions showed a
moderately strong correlation (r=0.53) with minutes played
per game, suggesting that the impact of action factors varies
by position; for instance, fouls have a greater effect on field
players' indices compared to centres. The InStat index
demonstrated moderate correlations with several statistical
parameters, including playing time (r=0.51), successful field
goal attempts (r=0.07), rebounds (offensive rebounds:
r=0.45, defensive rebounds: r=0.55), and height (r=0.55).
Notably, a significant relationship was observed between the
average score and missed reactions: a 1% reduction in
missed reactions correlates with an approximate 0.1%
increase in the InStat index score (Table 4).

RST r=0.53

NMR r=0.53 r=0.58
NIR r=0.58 r=0.46 r=0.53
SMTQ r=0.39
Cons. r=0,41
Age r=0.46
H r=0.55 r=0.58 r=0.79 r=0.80 r=0.56
w r=0.43 r=0.58 r=0.63 r=0.62 r=0.50
IT r=0.55 r=0.43 r=0.51 r=0.07 r=0.45 r=0.55
Min. r=0.53 r=0.51
FGM r=0.39 r=0.58 r=0.58 r=0.07
FG% r=0.41
OR r=0.79 r=0.80 r=0.45
DP r=0.63 r=0,62 r=0.55
B r=0,56 r=0.50
CORR. RST NMR NIR SMTQ Cons. Age H W I Min. FGM FG% OR DP B
RST: Reactive Stress Tolerance Discussion

NMR: Number of Missed Reactions
NIR: Number of Incorrect Reactions
SMTQ: Sports Mental Toughness Questionnaire
Cons: Constancy

H: Height

W: Eeight

II: InStat index

Min: minute

FGM: Field Goals Made

FG%: Field Goals Made %

OR: Offensive Rebound

DP: Defensive Rebound

B: Block

CORR; Correlation

Executive functions play a crucial role in optimizing sports
performance. High scores on measures of working
memory capacity among basketball players suggest
enhanced ability to focus attention and filter out irrelevant
information. Given the complexity of game situations, as
evidenced by the DT test, effective attentional control is
critical for problem-solving and minimizing errors. The
DT test not only serves as a predictor of attentional control
but also indicates the likelihood of performance failures.
Effective prioritization of relevant visual and auditory
information is essential for basketball players to excel.
Athletes with higher scores on the SMTQ and superior
performance on various aspects of the DT test—such as
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executive functions, reactive stress tolerance, and the
number of missed reactions—demonstrate a greater ability
to manage distractions. The InStat index, which reflects a
player's value to the team, aligns with higher SMTQ scores
and enhanced executive functions, indicating that athletes
with robust mental attributes and fewer missed reactions
are more valuable assets to their teams.

Conclusion

Mental toughness is essential for success in team sports like
basketball. Players with higher attention test scores tend to
excel in statistical performance indicators, such as effective
rebounding. Our analysis of SMTQ scores revealed no
significant difference between field and centre players,
although field players generally achieved higher scores and
better performance. Higher SMTQ scores are associated
with improved decision-making and responsibility,
resulting in a higher percentage of successful field goals.
Players demonstrated the ability to maintain focus and
manage distractions effectively, with field players
performing better on the Determination Test compared to
centre players. The SMTQ and Determination Test could
be valuable tools in selecting basketball players,
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Sports Mental Toughness Questionnaire

Please rate the following statements according to how true they are for you.

1 = Not true at all

2 = Partly true

3 = Mostly true

4 = Completely true

Please read the statements carefully and give the answer that generally applies to you. Take your time answering any
of the questions.

1. [ can regain my composure if I have momentarily lost it. 1 2 B 4
2. [ worry about performing poorly. 1 2 B W4
3. [ am committed to completing the tasks I have to do. 1 R B 4
4. [ am overcome by self-doubt. 1 R B 4
5. [ have an overwhelming confidence in my ability. 1 R B 4
6. I have what it takes to perform well while under pressure. 1 R B 4
7. I get angry and frustrated when things do not go my way. 1 R B 4
3. I give up in difficult situations. 1 R B 4
9. I get anxious by events I did not expect or cannot control. 1 2 B 4
10. [l get distracted easily and lose my concentration. 1 R B 4
11. [ have qualities that set me apart from other competitors. 1 2 B 4
12. [l take responsibility for settings myself and challenging targets. 1 R B 4
13.  [interpret potential threats as positive opportunities. 1 2 B 4
14.  |[Under pressure, I am able to make decisions with confidence and commitment. 1 2 B 4
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