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The Association between Sleep Hygiene and Sport 

Participation in Girls: A Rapid Review of the Literature 
 

By Jayda Hylton-Pelaia, Lauren Shields±, Caroline Barakat●  

& Efrosini Papaconstantinou◌ 
 
Introduction: Sport participation and healthy sleep hygiene behaviours are 

important for girls’ growth and development. Given the importance of both, this 

rapid review synthesized existing evidence on the association between sleep 

hygiene and sport participation in girls aged 6 to 12 years. Methods: We 

conducted a rapid review registered on the Open Science Framework (OSF) and 

reported our findings following PRISMA guidelines. MEDLINE, PsycINFO, and 

SportDiscus were searched from inception to March 8, 2025, and updated in 

February 2026. We included cross-sectional, cohort, and case-control studies. 

Two reviewers screened citations. Risk of bias was appraised using CASP 

checklists. Findings were synthesized. Results: The search retrieved 1401 articles, 

with an additional 118 records identified through an updated search (n=1519). 

Three studies met inclusion criteria, were critically appraised, and synthesized. 

Findings were mixed. Higher sleep efficiency was associated with participation in 

school-based sport, whereas shorter sleep duration, greater daytime tiredness, 

and sleep-related impairments were associated with involvement in specialized or 

competitive sport contexts. Conclusion: This review highlights limited evidence on 

the association between sleep hygiene and sport participation in girls aged 6-12 

years. Further research is needed to clarify this relationship, and targeted 

interventions need to be developed.  

 

Keywords: sleep; sport participation; girls; middle childhood 

 

 

Introduction 

 

Regular physical activity, including sport participation, defined as the 

purposeful participation in a sports-related activity (Deelen et al., 2018), is crucial 

during childhood and adolescence. Engaging in sports not only enables 

children and adolescents to meet physical activity recommendations, but it also 

influences other aspects of one's life, including social connections and overall 

quality of living (Mohammed, Barakat, & Stanyon, 2020). Furthermore, it 

promotes a healthier lifestyle for children, helps to lower the prevalence of non-

communicable diseases (such as cancer, osteoporosis, coronary heart disease, or 

cardiovascular disease), and enhances psychological well-being (Chen et al., 

2021; Griffith et al, 2021).  

In addition to sport participation, maintaining good sleep hygiene is essential 

for sleep quality in adolescents, as it influences various aspects of their lives, 
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including academic performance, emotional well-being, and overall enjoyment of 

physical activities (Blackwell et al., 2020). Sleep hygiene is defined as 

environmental and behavioural practices that promote healthy sleep. For example, 

having the same sleep and wake time and avoiding caffeine and alcohol too close to 

bedtime, while environmental factors include the sleep environment, such as 

comfortable temperature, dark light, and a reduction in noise levels (De Pasquale et 

al., 2024). It is important to note that insufficient sleep has been associated with 

several negative health outcomes, such as poorer general health, irregular moods, 

and an increased risk of illness (Biggins et al., 2019; Pagerols et al., 2023). 

Insufficient sleep increases the risk of conditions such as obesity, poor 

cardiovascular health, anxiety, depression, and cognitive impairments, such as 

memory and recognition (Ordway et al., 2022). 

Further, children who are sedentary are more likely to have unhealthy dietary 

habits, a higher likelihood of consuming fast food, and fewer sleeping hours 

compared to children who are physically active (Kosti et al., 2023). Despite this, 

studies have shown that children and adolescents who participate in sports struggle 

to obtain sufficient sleep, and the quality of their sleep is often less than ideal 

(Biggins et al., 2019; Roberts et al., 2019).  

Middle childhood (age 6-12) is a particularly important developmental stage for 

examining sleep and sport participation because behavioural routines, health habits, 

and participation patterns are established during this period (Griffith et al., 2021). 

Additionally, girls’ sport participation frequently declines during adolescence, making 

early identification of factors associated with positive sport participation experiences 

important (Mohammed, Barakat, & Stanyon, 2020; Westerbeek & Eime, 2021). 

While there are known benefits for both sleep hygiene practices for healthy 

sleep and sport participation, middle childhood-aged girls (ages 6-12 years old) face 

challenges in achieving optimal levels of both. There is a concerning trend regarding 

girls’ sport participation, as during adolescence, participation for girls drops by 22% 

(Mohammed, Barakat, & Stanyon, 2020). In terms of sleep hygiene, school-aged 

children between 6 to 12 years old face sleep problems at an alarming rate, with 

37% experiencing issues such as bedtime resistance, which leads to sleep onset 

delay, sleep anxieties, and ultimately daytime sleepiness from sleep insufficiency 

(Ophoff et al., 2018). Given the importance of both healthy sleep hygiene for good 

sleep quality and sport participation behaviours for the health and well-being of 

middle childhood-aged girls, it is crucial to understand if these two factors interact. 

The benefits of sleep hygiene and sport participation have been well-researched 

separately; however, the gap in the investigation of the relationship between sleep 

hygiene and sport participation in young girls is apparent. Research examining the 

association between sport participation and sleep has predominantly focused on 

adolescents or adult athletes, often within performance-oriented contexts (e.g., 

recovery and competition demands), whereas studies involving children more 

commonly investigate general physical activity and sleep rather than organized sport 

specifically, and frequently rely on mixed-gender samples (Kredlow et al., 2015; 

Chandrasekaran et al., 2020; Fonseca et al., 2021).  

To our knowledge, no previously published systematic reviews have 

investigated the association between sleep hygiene practices and sport participation 
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among middle childhood girls. Given the importance of sleep health and the 

declining prevalence of sport participation in girls, investigating this association 

among young girls between the ages of 6 and 12 years is important. Therefore, the 

objective of this study was to evaluate and synthesize the existing evidence on the 

association between sleep hygiene practices and sport participation among girls aged 

6-12 years.  

 

 

Methods  

Study Design 
 

We conducted a rapid review of the literature. A rapid review was chosen due 

to its ability to accelerate the synthesis of existing literature without sacrificing the 

quality of findings (Ganann et al., 2010). A rapid review is a type of knowledge 

synthesis in which components of the systematic review process are simplified or 

omitted to produce information in a short period of time (Lagisz et al., 2022). We 

followed the methodology recommended by the World Health Organization (Tricco 

et al., 2017). The review was reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) guidelines. A full protocol for 

the systematic review was registered with Open Science Framework (OSF) and 

placed under embargo (OSF; registration ID: 5wae2). 

 

 

Eligibility Criteria 

 

Eligible studies met the following predefined criteria: 1) investigated middle 

childhood (between 6 and 12 years of age) girls; 2) study of the association of sleep 

hygiene and sports participation; 3) published in English or translatable; and 4) 

cross-sectional, case-control, or cohort studies published in peer-reviewed journals. 

We excluded guidelines, letters, editorials, unpublished manuscripts, dissertations, 

and government reports, pilot studies, case reports, case series, qualitative studies, 

systematic reviews focused on clinical populations, cadaveric or animal studies 

and studies not reporting on methodology. 

 

Population: Middle Childhood Girls 

 

The target population was middle childhood girls between the ages of 6 

and 12 years, consistent with developmental classifications that define middle 

childhood as the period spanning approximately 6 to 12 years, characterized by 

continued cognitive, social, and physical development before adolescence 

(Mah & Ford-Jones, 2012).  For studies that included other age groups (e.g., 12 to 

14 years), we included those that provided stratified results for our eligible age 

group. Studies with mixed-gender populations were included only if data for 

girls within the specified age range were reported separately. 
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Exposure: Sleep Hygiene   

 

Sleep hygiene was defined as modifiable behaviours or environmental 

conditions that influence sleep. This included sleep duration, quality, timing, 

efficiency, and bedtime routines. However, the available literature in this age group 

primarily measures sleep using observable sleep characteristics rather than direct 

assessments of sleep hygiene behaviours. Therefore, for this review, sleep hygiene 

exposure was operationalized using sleep-related outcomes and sleep characteristics 

that are commonly used as indicators of sleep health and are influenced by 

underlying sleep hygiene practices. Although these sleep outcomes are not 

synonymous with sleep hygiene, they reflect the potential to influence behavioural 

and environmental sleep practices and are frequently used in pediatric sleep research 

as proxy indicators of sleep health (Irish et al., 2015). Findings should therefore be 

interpreted cautiously, recognizing that direct behavioural sleep hygiene was not 

measured in the included studies. Studies were included if they used subjective 

measures (e.g., questionnaires, self/parent reports) or objective tools (e.g., actigraphy, 

wearable devices) to assess any aspect of sleep hygiene or related factors.  

 

Outcome: Sport Participation 

 

Sport participation was defined as engagement in organized or recreational 

sports outside of mandatory physical education classes (Deelen et al., 2018). This 

included competitive sports, recreational leagues, individual sports with structured 

training, and non-competitive multi-sport camps. Studies measuring general physical 

activity without reference to sport participation were excluded.  

 

 

Search Strategy 

 

A search strategy was developed in consultation with a health sciences librarian. 

Searches were initially conducted in three electronic databases from inception to 

March 8, 2025: MEDLINE (via OVID), PsycINFO (via ProQuest), and SportDiscus 

(via EBSCO). These databases were selected to ensure comprehensive coverage of 

medical, psychological, and sport-specific literature relevant to the review 

topic. The search strategy included keywords and subject headings related to sleep 

hygiene, sport participation, and girls age 6-12 years. Before manuscript submission, 

an updated search was conducted in February 2026 to identify any newly published 

studies and ensure the review reflected the most current available evidence. The 

updated search used the same databases, search strategy, and eligibility criteria as 

the original search. The full search strategy is presented in Appendix A.  
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Data Collection and Analysis 

Study Selection 

 

Pairs of trained, independent reviewers screened articles in two phases to 

determine eligibility. In phase I, paired reviewers (L.S. and J.H) screened titles and 

abstracts to determine “possibly relevant” and “irrelevant” citations independently 

based on the predetermined eligibility criteria. In phase II, paired reviewers (L.S. and 

J.H.) reviewed possibly relevant citations from phase I using the full text article to 

determine whether the source was relevant, documenting the reasons for exclusion. 

Any disagreements during screening were resolved by discussion between the paired 

reviewers to reach consensus. If consensus could not be reached, a third reviewer was 

consulted.  

 

 

Methodological Quality and Risk of Bias Appraisal 

 

Risk of bias was assessed by a single reviewer (L.H) using checklists developed 

by the Critical Appraisal Skills Programme (CASP) to inform judgment on the 

internal validity of each included study. The use of a single reviewer for appraisal was 

consistent with rapid review methodology, incorporating a streamlined process to 

accelerate evidence synthesis while maintaining methodological rigor (Ganann et al., 

2010). Before formal appraisal, the reviewer pilot-tested the CASP tools to ensure 

familiarity and consistent application of criteria. Any uncertainties regarding appraisal 

decisions were discussed with a second reviewer (J.H) until consensus was reached. 

Studies were rated as having low, moderate, or high risk of bias based on factors such 

as study design, sampling strategy, measurement reliability, and control of 

confounding variables. In accordance with the review protocol, only studies that were 

categorized as low or moderate risk of bias were to be included in the final synthesis. 

 

 

Data Extraction 

 

A researcher (L.H) extracted data from the included studies and entered 

the relevant information into a prepared evidence table. A second reviewer 

reviewed the table for accuracy and completeness (J.H.). The data extraction 

table was used to report components of each study including study design, 

population characteristics, measures of sleep hygiene and sport participation, 

and key findings regarding their association.  

 

 

Evidence Synthesis 

 

Synthesis Without Meta-Analysis (SWiM) was used for a structured, 

transparent narrative synthesis of included studies (Campbell et al., 2020), 

providing an overview of the association between sleep hygiene and sport 

participation among middle childhood girls.  
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Results 

Study Selection 

 

The search retrieved 1401 records. After removing duplicates, 1293 titles and 

abstracts were screened for eligibility. Of these, 44 full-text articles were reviewed, 

and three met the eligibility criteria and proceeded to the risk of bias appraisal. An 

updated search conducted in February 2026 identified 118 additional records 

published since the initial search. Eight articles were reviewed in full text; 

however, none met the eligibility criteria. Therefore, the final synthesis remained 

unchanged and included three studies. The screening and selection process is 

summarized in Figure 1 (PRISMA flow diagram). The most common reasons for 

full-text exclusion were ineligible population (n=31) and lack of comparison or 

analysis between sleep hygiene and sport participation (n=14). 

 

Figure 1. PRISMA Flow Diagram 
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Quality Assessment 

 

The methodological quality of the three included studies was evaluated using 

the CASP Cohort and CASP Cross-sectional checklists. A detailed appraisal of each 

study is presented in Appendix B. Of the three studies, one was rated as low 

risk of bias, and two were rated as moderate risk of bias. No studies were 

categorized as high risk of bias to warrant exclusion from the review.   

 

 

Study Characteristics 

 

Three studies met the inclusion criteria: two cohort studies (Watson et al., 2021; 

Falstrom et al., 2022) and one cross-sectional study (Larrinaga-Undabarrena et al., 

2023), published between 2021 and 2023. Detailed study characteristics are 

presented in Table 1. The studies were conducted in the United States, Sweden, and 

Spain. Sample sizes ranged from 233 middle school athletes to 1082 school-

children, with all studies including girls within or overlapping with the target age 

range of 6 to12 years. Where studies included broader age ranges, only results 

relevant to the review focus were considered.  

The measurement of sleep-related characteristics varied with Falstrom et al. 

(2022) and Watson et al. (2021) using self- or parent-reported methods (daily/ 

weekly sleep duration, sleep difficulties, tiredness), while Larrinaga-Undabarrena et 

al. (2023 employed objective accelerometry capturing measures of sleep duration, 

sleep efficiency, and wake after sleep onset. None of the included studies directly 

assessed behavioural sleep hygiene practices. 

Sport participation measurement was operationalized through club 

membership, weekly training hours, or organized activity participation across 

studies (e.g., competitive football, school-based sport participation, weekly sport 

specialization).   
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Table 1. Summary of Study Characteristics from included Studies 

Author, Year Study Design Aim Location Population Sleep Hygiene 
Sport 

Participation 

Main Findings 

relevant to 

Review 

Falstrom, 2022 Cohort (1 year) 

To describe 

lifestyle factors, 

including sleep, 

in adolescent 

female football 

players and 

changes over 1 

year 

Sweden 
419 girls, 12-17 

(97 aged 12) 

Self-reported 

sleep problems 

(difficulty falling 

asleep, waking up 

at night and 

trouble returning 

to sleep, daytime 

tiredness), and 

duration (sleeping 

hours per night) 

also recorded. 

 

Sleep measured 

using a five-point 

scale (1=never, 

5=every day) 

 

Impaired sleep 

defined as: 

frequent problems 

falling asleep or 

staying asleep 

several times per 

week, and rated 

tiredness in daily 

activities several 

times per week or 

every day. 

Weekly club 

football 

participation, 

years in club. 

 

Mean years 

playing football: 

7 (SD 2.2). 

Average football 

training: 5 hours 

per week; 1.5 

matches per 

week. 

 

 

Sleep 

insufficiency and 

tiredness 

common among 

competitive girl 

athletes; tiredness 

increased over 1 

year. 

 

Sleep issues were 

common, with 

16% sleeping less 

than 8 hours per 

night, 8% 

experiencing 

impaired sleep 

with daytime 

consequences, 

and 22% feeling 

tired during daily 

activities. 

 

Sleep problems 

and insufficient 

sleep increased at 

1-year follow-up. 

The proportion of 

players feeling 

tired during the 

day increased 

over 1 year (20% 

to 27%). 

Larrinaga-

Undabarrena, 

2023 

Cross-sectional 

observational 

study 

To compare 

physical activity 

and sleep in 

schoolchildren by 

Basque Country, 

Spain 

1082 children 

(49.9% girls), 6-

17 (subset: 6-12) 

Objective 

(accelerometer) 

Variables 

recorded: sleep 

Physical/sport 

activity 

participation 

(yes/no) 

Girls (6–12) who 

participated in 

sport had higher 

sleep efficiency 
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sport participation 

status 

efficiency, total 

sleep time, 

WASO (wake 

after sleep onset) 

 

Sleep diaries 

complemented 

accelerometer 

data for context. 

 

 

Participants 

categorized as 

PSA (physical 

sport activity) 

practitioners or 

non-practitioners. 

and less 

sedentary time 

than non-

participants. 

 

PSA practitioners 

showed 

significantly 

better sleep 

efficiency and 

lower sedentary 

time compared to 

non-practitioners. 

 

No significant 

difference in total 

sleep time or 

WASO between 

PSA and non-

PSA groups. 

 

Children aged 6-

12 showed higher 

sleep parameters 

and less 

sedentary 

behavior 

compared to 

adolescents 

irrespective of 

sex. 

 

Girls participated 

similarly in PSA 

and showed 

similar trends in 

sleep efficiency 

improvements 

when engaged in 

physical sports. 
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Watson, 2021 

Prospective 

cohort conducted 

over an academic 

year (39 weeks) 

To evaluate 

effects of sport 

specialization, 

sleep, and 

physical activity 

on illness in 

middle school 

athletes 

Wisconsin, USA 
233 athletes 10-

14 (39% girls) 

Weekly electronic 

parent-reported 

surveys on the 

child's average 

sleep duration 

during the prior 

week. 

 

Sleep Variables: 

Weekly average 

sleep duration 

(hours). 

Weekly hours of 

organized 

physical activity 

reported by 

parents; sport 

specialization 

level categorized 

as low, moderate, 

or high using 

established 

criteria. 

 

Weekly 

organized and 

unorganized 

physical activity 

hours recorded. 

Specialized 

athletes tended to 

have slightly 

lower average 

sleep duration. 

 

More sleep and 

PA independently 

predicted lower 

illness risk; 

specialization had 

no effect. 
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Summary of Evidence 

 

Three studies met the eligibility criteria and provided preliminary evidence 

relevant to the association between sleep-related indicators and sport participation 

among girls in middle childhood between the ages of 6 and 12 years.  

In the cross-sectional accelerometer-based study by Larrinaga-Undabarrena et 

al. (2023) found that girls who participated in school-based sport exhibited a higher 

mean sleep efficiency of 87.16% (SD = 5.84) compared to 86.12% (SD = 6.81) 

among non-participants, representing a mean difference of 1.04 percentage points (p 

= 0.022). No significant differences were observed for total sleep time or wake after 

sleep onset. 

In the prospective cohort study, Watson et al. (2021) found that girls who 

were more specialized in sport reported slightly shorter average sleep duration 

compared to those with lower levels of specialization (high specialization: 8.48 

hours [95% CI, 8.3-8.6 hours]; moderate specialization: 8.71 hours [95% CI, 

8.6-8.9 hours]; low specialization: 8.63 hours [95% CI, 8.5-8.8 hours]).;). 

Pairwise comparisons indicated a statistically significant difference in sleep 

duration between low- and high-specialization groups (p = 0.045), while other 

group comparisons were not statistically significant.  

Falstrom et al. (2022) reported indicators of compromised sleep among 

girls who participated in competitive football, including insufficient sleep, 

daytime tiredness, and sleep-related impairment. At one year follow-up, the 

proportion of girls reporting daytime tiredness several times per week or daily 

increased from 20% to 27%. 

Overall, findings across the included studies were mixed with some studies 

reporting associations between sleep-related indicators and sport participation 

among middle childhood girls.  

 

 

Discussion 

 

This rapid review aimed to explore the association between sleep hygiene and sport 

participation among middle childhood girls. Three studies met the eligibility criteria and 

were included following quality appraisal, each investigating this association using 

different designs, measurement approaches, and varied operationalizations of sleep 

hygiene (e.g., sleep duration, sleep efficiency), as well as different sport contexts. 

Importantly, the findings synthesized in this review primarily reflect associations 

between sport participation and sleep characteristics rather than direct measures of 

behavioural sleep hygiene. The findings were mixed. In the accelerometer-based 

study, girls with higher sleep efficiency were more likely to participate in school-

based sport compared to girls with lower sleep efficiency. In contrast, cohort 

studies involving specialized or competitive athletes indicated that girls reporting 

shorter sleep duration, greater daytime tiredness, or sleep-related impairments were 

engaged in higher levels of organized or specialized sport participation. 

Considerable heterogeneity existed across study designs, sport contexts, and sleep 

measures, limiting direct comparison. The small number of eligible studies, 
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combined with variability in methodology and sleep measurement, highlights the need 

for additional high-quality research to better understand the association between sleep 

hygiene indicators and sport participation among girls in middle childhood. 

A notable challenge in interpreting the evidence across the included studies 

is that none of the studies directly assessed sleep hygiene as a multidimensional 

construct. Validated measures of sleep hygiene (e.g., the Sleep Hygiene Index) 

conceptualize it as a behavioural construct distinct from sleep outcomes such as 

duration or efficiency (Mastin et al., 2006). Instead, the included studies measured 

selected components of sleep (e.g., sleep duration, sleep efficiency, sleep difficulties, 

or daytime tiredness) that are related to but not synonymous with sleep hygiene. As 

a result, interpretations about sleep hygiene must be drawn from the specific sleep 

indicators used in each study. 

Across the included studies, sleep was measured using three different 

approaches: objective accelerometry (Larrinaga-Undabarrena et al., 2023), parent-

reported sleep duration (Watson et al., 2021), and self-reported sleep difficulties and 

tiredness (Faltstrom et al., 2022). Although each of these indicators reflects aspects 

of girls’ sleep, none of the studies directly assessed sleep hygiene (e.g., the Sleep 

Hygiene Index or CSHQ bedtime routine items). As such, this review synthesizes 

evidence based on sleep characteristics that may be influenced by underlying sleep 

hygiene behaviours rather than on direct measures of sleep hygiene itself. Therefore, 

findings should be interpreted as reflecting associations between sleep 

characteristics and sport participation, recognizing that the sleep measures assessed 

may reflect the influence of underlying sleep hygiene behaviours rather than direct 

measurement of those behaviours. 

Larrinaga-Undabarrena et al. (2023) used objective measurement using 

accelerometry which is considered best practice in sleep research, particularly for 

children (Miller et al., 2024). This provided reliable estimates of sleep efficiency, 

total sleep time, and wake after sleep onset. Although these metrics are not direct 

measures of sleep hygiene, they are influenced by sleep-hygiene behaviours such as 

consistent bedtime routines, limited evening stimulation, and appropriate sleep 

timing (Irish et al., 2015). Thus, girls with higher sleep efficiency were more likely 

to participate in school-based sport, suggesting that better sleep efficiency may 

reflect underlying behavioural routines consistent with healthy sleep hygiene 

practices. Although statistically significant, the magnitude of difference in sleep 

efficiency was modest. 

In contrast, Watson et al. (2021) relied on parent-reported which is more 

vulnerable to recall bias. The parent-reported sleep duration, collected weekly, 

captures one dimension of sleep patterns but does not provide insight into 

behaviours that promote sleep quality (e.g., bedtime routines, screen use, 

caffeine, or sleep environment). Sleep duration can be influenced by both sleep 

hygiene (such as consistent bedtimes) and structural constraints (such as training 

schedules), making interpretation more complex (De Pasquale et al., 2024; 

Milewski et al., 2014). Lower sleep duration among specialized athletes may 

partly reflect behavioral disruptions inconsistent with good sleep hygiene, such 

as late practices or competing demands between school and sport. 
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Similarly, Faltstrom et al. (2022) used self-reported sleep difficulties, tiredness, 

and sleep-related impairment, which represent perceived sleep problems and 

daytime functioning rather than sleep hygiene behaviours. These indicators reflect 

the consequences of poor sleep hygiene rather than the behaviours themselves. 

These indicators are subjective and can be influenced by stress, mood, or training 

load. Frequent tiredness or sleep impairment may signal inconsistent routines, high 

stress, insufficient recovery time, or environmental disruptions, which are factors 

that are common with high-intensity sport participation. 

With each study capturing different sleep hygiene-related indicators, the sport 

contexts in which girls participated (school-based, specialized, or competitive) also 

varied, further shaping the observed associations. 

Larrinaga-Undabarrena et al. (2023) found that girls who participated in school-

based sport demonstrated higher sleep efficiency than non-participating peers. This 

aligns with previous research showing that regular physical activity like structured 

sport participation is associated with improved sleep quality and sleep efficiency 

among children and adolescents (Brand et al., 2014; Lang et al., 2016). A systematic 

review on sleep and health-related physical fitness in children and adolescents 

(Fonseca et al., 2021) concluded that longer sleep and better sleep quality were 

associated with higher levels of physical fitness among children and adolescents, 

which indirectly supports the tie between being active (often via sport) and sleep.  

In contrast, shorter sleep duration and greater sleep-related difficulties were 

observed among girls engaged in specialized or competitive sport contexts (Watson 

et al., 2021; Faltstrom et al., 2022). Girls engaged in higher-intensity or specialized 

sport tended to report shorter sleep duration, greater sleep difficulties, or daytime 

tiredness. Competitive and specialized sport often requires evening practices, greater 

training volume, performance expectations, and additional psychosocial demands, 

all of which may disrupt routines and interfere with sleep hygiene (Meisel et al., 

2022). School-based programs tend to support healthy sleep hygiene because they 

are typically low-barrier, embedded within the school day, and free of additional 

costs or late-evening commitments (Dobbins et al., 2021). The structure of these 

environments, such as, consistent schedules, predictable routines, supervised 

activity, and moderate physical exertion, supports healthy sleep regulation and may 

help reinforce sleep-hygiene practices, potentially explaining the observed 

improvements in sleep efficiency. Unlike school-based programs, competitive and 

specialized sports typically occur outside of school hours and may place less 

emphasis on balancing academic schedules, making it more challenging for girls to 

maintain healthy sleep-wake patterns.  

Further, Faltstrom et al. (2022) reported that, at one-year follow-up, a greater 

proportion of girls experienced daytime tiredness “every day” or “several times 

per week,” suggesting that cumulative training loads and competitive pressures 

may erode sleep quality over time. High-performance environments often involve 

elevated expectations, intensified schedules, and occasional travel or competition-

related disruptions, all of which can make consistent sleep routines difficult to 

sustain. Based on the studies included in this review, it can be inferred that 

girls involved in school-based sport may be more likely to maintain healthier 
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sleep practices compared to those participating in more specialized or competitive 

sport settings. 

The absence of additional eligible studies in the updated search further 

underscores the limited and underdeveloped evidence base examining sleep hygiene 

indicators in relation to sport participation among middle childhood girls. 

 

 

Strengths 

 

This rapid review has several strengths. First, the review protocol was 

prospectively registered and reported in accordance with PRISMA guidelines, 

enhancing transparency and methodological rigor. Second, study selection was 

conducted by independent reviewers, reducing the risk of selection bias. Third, risk 

of bias appraisal was systematically performed using validated CASP checklists, 

with transparent reporting of study quality. 

Additionally, this review focused specifically on middle childhood girls 

between the ages of 6 and 12 years a population that is often underrepresented in 

sport and sleep research. By distinguishing between behavioural sleep hygiene 

practices and measurable sleep characteristics, this review provides important 

conceptual clarity and highlights a critical gap in the existing literature. The 

inclusion of both subjective and objective sleep measures further strengthens the 

comprehensiveness of the synthesis. 

 

 

Limitations 

 

This rapid review has several limitations. Firstly, the included studies varied 

widely in design, sport context, and sleep measurement methods (objective, parent-

report, self-report), which may have contributed to the mixed findings. Secondly, the 

sport contexts differed substantially. School-based sport, specialized sport, and 

competitive sport environments carry distinct demands, schedules, and expectations, 

which likely contributed to the mixed findings. Additionally, none of the included 

studies directly assessed behavioural sleep hygiene using validated sleep hygiene 

instruments. Consequently, this review synthesized evidence based on sleep 

characteristics and sleep-related outcomes that may reflect, but do not directly 

measure, sleep hygiene practices. Despite these limitations, the studies provide 

preliminary insight into how sleep hygiene and sport participation are 

associated among middle childhood girls. 

 

 

Implications 

 

The findings of this rapid review have important implications for research, 

practice, and parental decision-making. First, the variability in sleep indicators across 

studies highlights the need for more consistent and comprehensive measurement of 

sleep hygiene in youth girls sport research. Future studies should incorporate 
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validated, multidimensional sleep hygiene tools alongside objective sleep measures 

whenever possible to better capture the range of behaviours that influence girls’ 

sleep. Examining these relationships during middle childhood may be particularly 

important for supporting long-term sport participation and healthy behavioural 

development among girls before adolescence. 

Insights from this review will directly inform the development of a parental 

educational toolkit designed to support parents in making informed decisions about 

their daughters’ sport involvement and sleep hygiene practices. For parents and 

caregivers, these findings highlight the importance of monitoring sleep patterns 

alongside sport involvement, particularly when children participate in specialized or 

high-volume training environments. Parents may benefit from education regarding 

consistent bedtime routines, adequate sleep duration, recovery needs, and balancing 

sleep health with sport schedules. Supporting healthy sleep behaviours may 

represent one strategy for promoting positive sport participation experiences and 

sustained involvement among girls. The toolkit will aim to provide practical, 

evidence-informed guidance to help parents support healthy sleep routines while 

fostering positive and sustainable sport participation experiences. 
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Appendix A. Search Strategy used for the Rapid Review 

Category  Terms 

Middle childhood (ages 6-12) girls 

“girl*” OR “female*” AND “p?ediatric*” OR “child*” OR 

“preadolescen*” OR “pre-adolescen*” OR “prepubescen*” OR 

“pre-pubescen*” OR “pubescen*” OR “school aged” OR “elementary 

school*” OR “middle childhood” OR “middle school*” OR “youth*” 

OR “young adult*” OR “school age*” OR “schoolchild*” OR 

“juvenile*” 

Sleep Hygiene 

“sleep.mp.” OR “asleep” OR “oversleep*” OR “nap*” OR “doz*” OR 

“snooz*” OR “drows*” OR “slumber*” OR “slumbrous” OR “bed” OR 

“bedtime*” OR “bed time*” OR “restful” OR “wake” OR “waking” OR 

“wakefulness” OR “wide awake” OR “tired*” 

Sports participation 

sport* or athlet* or acrobat* or alpine* or archer* or badminton* or 

baseball* or basketball* or baseball* or biath* or bmx* or bobsle* or 

boccia* or boxing* or boxer* or bowling* or bowler* or broomball* or 

canoe* or cheerlead* or cricket* or crossfit* or cross-fit* or curling* or 

(cross adj1 country*) or cross-country or cycling* or cyclist* or diving* 

or diver* or equest* or fencing* or fencer* or (field adj1 hockey*) or 

(figure adj skat*) or football* or futsal* or golf* or goalball* or 

gymnast* or handball* or hockey* or judo* or karate* or kayak* or 

kickbox* or kick-box* or lacross* or (lawn adj1 bowl*) or luge* or 

(martial* adj2 art*) or muay thai or (mountain* adj1 bik*) or netball* 

or pentath* or racquet* or ringette* or (rock adj1 climb*) or rockclimb* 

or rower* or rowing* or rugby* or runner* or running* or sailing* or 

sailor* or soccer* or (ski adj1 jump*) or (ski adj1 mountain*) or 

skiing* or skier* or skateboard* or skating* or skater* or sledding* or 

snowboard* or softball* or speedskat* or speed-skat* or (speed* adj1 

skat*) or squash* or swim* or surfing* or surfer* or taekwondo* or 

tennis* or (track adj field) or trampolin* or triath* or volleyball* or 

wakeboard* or (water adj1 polo*) or wrestling* or wrestler* or 

weightlight* or (weight adj lift*) or jiu jitsu* or jiu-jitsu* or jogging* or 

jogger* or kendo* or kung fu* or kung-fu* or mountaineer* or qigong* 

or (tai adj1 ji) or (tai adj1 chi*) or taiji* or taichi*) adj3 (participat* or 

involve* or join* or engage* or play)).mp 
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Appendix B. Risk of Bias (CASP) Tables 

 

Table C1. Risk of Bias Assessment of included Cohort Studies using the CASP Cohort Study Checklist 
Author, 

Year 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Overall 

Watson et 

al., 2021 
Yes 

Some 

concern 

Some 

concern 

Some 

concern 

Some 

concern 
Yes Yes Yes Yes Yes Yes Yes Moderate 

Falstrom, 

2022 
Yes Yes 

Some 

concern 

Some 

concern 
No No Yes Yes Yes 

Some 

concern 
Yes Yes Moderate 

Q1. Did the study address a clearly focused issue? 

Q2. Was the cohort recruited in an acceptable way? 

Q3. Was the exposure accurately measured to minimize bias? 

Q4. Was the outcome accurately measured to minimize bias? 

Q5. Have the authors identified all important confounding factors? 

Q6. Was the follow up of subject complete/long enough? 

Q7. What are the results of the study? 

Q8. How precise are the results? 

Q9. Do you believe the results? 

Q10. Can the results be applied to the local population? 

Q11. Do the results of this study fit with other available evidence? 

Q12. What are the implications of this study for practice? 

 

Table C2. Risk of Bias Assessment of included Cross-sectional Studies using the CASP Cross-Sectional Study Checklist 
Author, Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Overall 

Larrinaga-

Undabarrena, 

2023 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Low 

Q1. Did the study address a clearly focused issue? 

Q2. Did the authors use an appropriate method to answer their question? 

Q3. Were the subjects recruited in an acceptable way? 

Q4. Were the measures accurately measured to reduce bias? 

Q5. Were the data collected in a way that addressed the research issue? 

Q6. Did the study have enough participants to minimize the play of chance? 

Q7. How are the results presented and what is the main results? 

Q8. Was the data analysis sufficiently rigorous? 

Q9. Is there a clear statement of findings? 

Q10. Can the results be applied to the local population? 

Q11. How valuable is the research? 
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Nonlinear Optimization of Weekly Training Plans for 

Competitive Tennis Players 
 

By Dana Guzman Alcas & Theodore Trafalis± 

 
Training design in competitive tennis requires balancing performance improvement 

with injury prevention. Athletes must allocate limited weekly training time across 

multiple activities while managing nonlinear physiological responses. This study 

develops a constrained nonlinear optimization model that incorporates a concave 

performance function with diminishing returns and a convex injury-risk function 

representing overload effects. The model includes linear constraints on total training 

time, high-intensity workload, and minimum recovery. Optimality conditions are 

derived using the Karush–Kuhn–Tucker (KKT) framework, and numerical solutions 

are obtained using MATLAB’s fmincon solver with a Sequential Quadratic 

Programming (SQP) algorithm. The results show that optimal training allocations 

balance technical drills, moderate high-intensity work, and sufficient recovery. The 

total weekly time constraint is consistently binding, while recovery often exceeds its 

minimum requirement. Sensitivity analysis demonstrates that increasing performance 

emphasis leads to higher high-intensity training and reduced recovery. It is concluded 

that nonlinear optimization provides a structured framework for weekly training 

design in tennis. The model highlights the importance of balancing performance gains 

and injury risk while respecting realistic training constraints. 

 

Keywords: Training Load Optimization, Athlete Workload Management, Injury Risk 

Modeling, Performance Optimization, Tennis Training, Recovery Optimization. 

 

 

Introduction 
 

Training design in competitive sports requires balancing performance improvement 

with injury prevention. In tennis, athletes must distribute limited weekly training time 

across multiple activities, including match play, technical drills, strength training, 

conditioning, and recovery. Each of these components contributes differently to 

performance outcomes and physiological stress, creating a complex decision-

making problem for athletes and coaches. Longitudinal athlete monitoring studies 

have shown that training volume and workload management significantly 

influence performance adaptation and fatigue accumulation (Rishiraj & Niven, 2018). 

Mathematical and analytical approaches have increasingly been applied to sports 

performance evaluation and decision-making. It has also been applied in other sport 

contexts such as football performance evaluation and team contribution analysis 

(Leela et al., 2023). 

The relationship between training load and performance is inherently 

nonlinear. Performance improvements typically exhibit diminishing returns, 

where initial training produces substantial gains, but additional workload yields 
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progressively smaller benefits. At the same time, injury risk increases at an 

accelerating rate as training intensity and volume rise, particularly when high-

intensity sessions are excessive or insufficient recovery is provided (Kreher & 

Schwartz, 2012). Recovery activities play a critical role in mitigating fatigue and 

reducing injury risk, further complicating the allocation of training time. 

Because of these competing effects, designing an effective weekly training 

schedule requires balancing multiple objectives under practical constraints. Athletes 

operate within limited time availability while needing to maintain sufficient 

recovery and avoid excessive workload. These constraints make it difficult to 

determine an optimal distribution of training activities using intuition alone. This 

study addresses this problem by developing a mathematical framework for 

allocating weekly training time across different activities. The model captures the 

nonlinear relationship between performance and workload, incorporates injury risk 

considerations, and includes realistic constraints on total training time, high-intensity 

training, and recovery. The objective is to identify training allocations that achieve a 

balance between performance improvement and injury prevention. 

 

 

Problem Description and Assumptions 

 

Weekly Training Components/Variables 

 

A weekly training plan for a competitive tennis player is represented using five 

primary activity categories: high-intensity on-court training ( ), low-intensity 

technical drills ( , strength training ( , conditioning ( , and recovery ( . 

Each of these components contributes differently to performance development and 

physiological stress. 

High-intensity on-court training, which includes match play and competitive 

drills, plays a critical role in developing tactical awareness and match readiness. 

However, it also imposes significant physical and mechanical stress on the athlete 

(Deconstructing Stigma, 2025). Racquet sports require balancing technical skill 

development with physical conditioning demands that influence competitive 

performance (Layton & DeBeliso, 2017). Low-intensity technical drills contribute 

to skill refinement with relatively lower injury risk. Strength training and 

conditioning improve physical capacity and resilience but can contribute to fatigue 

when performed excessively. Recovery activities, such as mobility work and 

therapeutic interventions, are essential for reducing accumulated fatigue and 

supporting adaptation (Kreher & Schwartz, 2012). Athletic adaptation processes 

are inherently nonlinear and depend on the interaction between workload and 

physiological response (Venkata, 2014). 

All five variables are continuous and nonnegative:  

 

 
 



Athens Journal of Sports June 2026 

 

103 

Usage of hours is consistent with how coaches plan workloads. Later, for 

narrative interpretation, these hours can be discussed as approximate “days or 

sessions” of training (e.g., 3 hours of recovery aligning with about one recovery day). 

 

Modeling Assumptions 

 

Recent sports analytics studies have demonstrated the usefulness of 

quantitative modeling frameworks for evaluating complex athletic systems and 

performance interactions (Leela et al., 2024). To keep the model presented here 

tractable while still realistic, the following assumptions are made: 

 

1. Weekly horizon and steady state. The schedule is optimized over one 

representative week. Interactions across multiple weeks (e.g., tournament 

cycles) are not modeled here. 

2. Separable training effects. Performance benefit and injury risk are represented 

as additive contributions from each activity type. This assumes marginal 

effects depend mainly on the hours in that activity. 

3. Smooth nonlinear responses. Performance gains and risk changes vary 

smoothly with hours, meaning small hour changes do not cause discontinuous 

jumps in outcomes. 

4. Fixed parameters. Relative weights for performance benefit and injury risk are 

treated as constant during the week, reflecting a stable training philosophy 

during that planning period. 

5. No discrete scheduling limits. The model does not explicitly enforce “integer 

days.” Instead, hours are optimized continuously, then interpreted in practice. 

 

These assumptions allow the model to capture key training dynamics while 

remaining mathematically manageable. 
 

Constraints 

 

Three main linear constraints structured the planning problem: 

 

1. Weekly training budget (total hours limit). The total training time is 

limited by the athlete’s available schedule and physiological capacity 

 

 
This represents time availability due to class, travel, injury management, 

or fatigue tolerance. 

 

2. Cap on high-intensity on-court load. 

 

 
High-intensity match-like training is the most stressful component. Even 

elite athletes typically cannot exceed a certain weekly volume without risk of 

overload (Deconstructing Stigma, 2025). 
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Minimum recovery requirement. 

 
 

Recovery is treated as a mandatory workload; without an enforced minimum, 

the optimizer might push recovery unrealistically low to chase performance. 

All constraints are written in the nonlinear-programming convention , 

which is required for inequality-constrained NLP and MATLAB fmincon (Hu, 

2018). All decision variables are constrained to be nonnegative, reflecting that 

training time cannot be negative. 

 

 

Parameter Choices  

 

The model parameters are selected to reflect realistic weekly training volumes for 

competitive tennis players. A total weekly training limit of 18 hours is assumed, along 

with a maximum of 8 hours of high-intensity training. The minimum recovery 

requirement is set at 3 hours per week under baseline conditions (UCHealth, 2025), 

with higher values considered in sensitivity. Relative weights are assigned to reflect 

the importance of different training activities in contributing to performance and injury 

risk. High-intensity training is associated with both strong performance benefits and 

elevated injury risk, while recovery contributes primarily to reducing fatigue and 

mitigating injury risk (Kreher & Schwartz, 2012). 

Baseline constraints reflect common competitive weekly volume: 

 

● . 

● . 

●  

 

A second, safer recovery scenario uses: 

 

●  

 

Relative weights in the objective are chosen so that on-court time contributes 

strongly to performance, while overload in high-intensity, conditioning, and strength 

contributes strongly to injury risk. 

The Model parameters are given in Table 1. Parameters were selected to be realistic 

for a competitive player and to illustrate the nonlinear tradeoff structure of the model. 

The weekly time budget  hours and high-intensity cap  hours 

reflect typical feasible training volume, while recovery minimum  was tested at 

both baseline (3 hours/week) and safer (5 hours/week) policy levels. Performance 

weights  emphasize the higher competitive value of on-court work, whereas quadratic 

risk penalties  discourage overload in high-stress categories. Sensitivity 

experiments varied  to represent conservative ( ), balanced ( ), and 

aggressive ( ) coaching priorities. 
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Table 1. Model Parameters Used in Numerical Experiments 

Symbol/name 
Value(s) 

used 
Units Meaning/role in model 

 18 hours/week 
Maximum total weekly training time 

(time-budget constraint) 

 8 hours/week 
Maximum high-intensity on-court 

hours (cap on  

 
3(baseline), 

5(safer case) 
hours/week 

Minimum required weekly recovery 

volume (lower bound on  

 0.5, 1.0, 2.0 - 

Risk-performance tradeoff weight. 

Smaller = more risk-averse; larger = 

more performance-driven. 

 
[4, 2.5, 1.5, 

1.5, 1.0] 
- 

Performance benefit weights for each 

training category in 

. 

 0.08 - 
Quadratic risk weight for high-intensity 

on-court training  

 0.08 - 
Quadratic risk weight for strength  

training  

 0.08 - 
Quadratic risk weight for conditioning 

training  

 0.6 - 
Recovery benefit weight in risk term 

 

 

 

Mathematical Model 

 

Performance Benefit 

 

Performance improvements from training show diminishing returns. A smooth 

concave form is: 

, with  

 

Marginal benefits: 

,      

 

This formulation ensures that each additional unit of training contributes less 

marginal improvement (Molloy et al., 2012). 
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Injury Risk 
 

Injury risk increases more than linearly with high-stress training, while recovery 

reduces risk with diminishing returns. Injury risk is modeled as a convex funcion: 

 

 
 

with . 

Here, quadratic terms capture the rapid increase in risk for high workloads, while 

recovery reduces risk (UCHealth, 2025). 

 

Weighted Single-Objective Formulation 

 

The weighted objective is 

 

 
 

where  controls the trade-off (larger  emphasizes performance relative to risk). 

The optimization problem is: 

 

  

 

  

   

   

   

 

Nonnegativity is enforced for  is already bounded by the recovery 

minimum. 

This is a nonlinear programming problem with inequality constraints. 

Gradient Expressions (needed for KKT interpretation) 

 

The partial derivatives of the objective are: 
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These derivatives show explicitly how quadratic risk growth competes against 

diminishing performance returns. 

 

Convexity/Nonconvexity Discussion 
 

• The performance function is concave. Therefore, the term involving the 

performance function with the negative sign becomes convex. 

• The risk term involving squares is convex since betas must be positive. If betas 

were negative, the function would become concave, meaning that the more you 

train, the lower the risk becomes at an accelerating rate. This contradicts the 

biological principle of "overuse injuries" and the physical reality of fatigue. 

 

Since the negative log is convex the injury risk function is also convex. 

 

Constrained Optimality Theory (Lagrangian & KKT) 

 

For inequality-constrained problems, the Lagrangian is formed using multipliers 

 

 
 

If LICQ holds, the Karush-Kuhn-Tucker conditions are necessary for a local 

minimum. The optimal schedule  and multipliers  satisfy: 

 

1. Stationarity:                                                

2. Primal feasibility:                                       

3. Dual feasibility:                                           

4. Complementary slackness:                       

 

Complementary slackness implies two cases for each inequality constraint: if 

(inactive), then ; if  (active), then  may be positive. 

Interpretation for this model. 

 

● The total-hours constraint  is expected to be active in most cases (players 

usually use all available hours). 

● The recovery minimum  becomes active in aggressive performance settings. 

● The high-intensity cap  becomes active only if the performance benefit 

outweighs the risk. 

 

These conditions allow interpretation of constraint activity and optimal allocation 

behavior. 
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Numerical Solution Procedure (MATLAB Implementation) 
 

The training‐plan optimization problem above is a smooth nonlinear program with 

inequality constraints. To compute numerical solutions, the problem was implemented 

and solved in MATLAB using fmincon, which is the standard solver for constrained 

nonlinear optimization in the MATLAB Optimization Toolbox. The general fmincon 

call follows the following formulation: 

 

 
 

where fun evaluates the objective function , and the remaining inputs represent 

constraints and bounds. 

Here,  and  are empty since no equality constraints are used. 

 

Objective Function Definition 

 

The objective function  was coded in a separate MATLAB 

function file (fun.m). This file returns the numerical value  for any candidate's 

weekly schedule . This function file is stored in the same directory as the main script. 

 

Constraint Representation 

 

All inequality constraints were written in the standard form , as required 

for nonlinear programming in MATLAB. 

 

● Weekly training budget:  

● High‐intensity cap:  

● Minimum recovery: , rewritten as  

 

Nonnegativity constraints  were handled through the lower–bound . 

These inputs match the solver structure outlined in the computational optimization 

notes, where  represent linear inequalities and  specify variable bounds. 

Because the constraints are linear, no nonlinear constraint file was needed (nonlcon 

= []). 

 

Constraint Implementation 

 

In this project, the planning constraints are linear, so they were placed directly into 

the matrices  and : 

 

●  for total hours, high-intensity cap, and recovery minimum (rewritten 

as  ). 

●  for nonnegativity and recovery lower bound. 
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Solver Options and Algorithm Choice 

 

Solver settings were controlled using optimset, as optimset is used to select 

algorithms and display/termination options for fmincon. 

A feasible initial guess  was provided to start the iterations. The solver termination 

was based on MATLAB’s default feasibility and optimality tolerances unless otherwise 

stated. 

 

 

Sensitivity Analysis Runs 

 

After computing a baseline optimal schedule, additional runs were performed to 

study how the solution changes under different coaching philosophies and recovery 

requirements. Two main sensitivity experiments were planned: 

 

1. Risk–performance tradeoff: vary  to generate conservative versus aggressive 

training plans. 

2. Recovery requirement: compare baseline  hours/week (  one 

recovery day) to a safer scenario  hours/week (  two recovery days). 

 

These experiments demonstrate how constraints and tradeoff weights affect the 

optimal allocation. 

 

 

Computational Results 

 

This section summarizes the numerical solutions obtained in MATLAB using 

fmincon with the SQP algorithm. The solver setup follows the standard course 

formulation for constrained nonlinear programs, with linear inequalities implemented 

through  and bounds through . 

Baseline Optimal Schedule 

 

Under the baseline constraints: 

 

 

 MATLAB returned the following optimal weekly training plan: 

 

. . 

 

The corresponding minimum objective value was: 
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A clearer presentation of the decision variables is shown in Table 2. 

 

Table 2. Results under Baseline Constraints 

Component Meaning Optimal hours/week 

 High-intensity on court drills + match play 3.511 

 Low-intensity technical drills 7.046 

 Strenght training 1.627 

 Conditioning/cardio 1.627 

 Recovery work 4.149 

Total   

 

The optimizer used the full-time budget (18 hours), showing that the weekly 

training-hours constraint dominates the solution. The largest allocation is to technical 

drills ( ), which provides a strong performance benefit without a quadratic risk penalty, 

while higher-stress categories remain moderate due to convex risk growth. Recovery 

time is above its minimum, indicating it is valuable even when not forced by constraints. 

 

KKT Multiplier Interpretation (Constraint Activity) 

 

To interpret constraint activity, the Lagrange multipliers reported by MATLAB 

were examined. The inequality multipliers were: 

 

,  as a 3x1 vector. 

 

These correspond to the linear constraints in the order they were defined in : 

 

(1) total weekly hours, (2) high-intensity cap, and (3) recovery minimum. 

 

Because , the total-time budget constraint is active/binding. Since 

, the high-intensity cap and recovery minimum are inactive at the 

optimum. This matches complementary slackness: inactive constraints have zero 

multipliers, while active constraints may have positive multipliers.  

Lower-bound multipliers were all zero: 

 

, 

confirming that no variable is stuck at its lower bound; each training component remains 

strictly positive in the optimum. 
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Sensitivity Study A: Varying Risk–Performance Tradeoff  
 

To understand how risk tolerance changes the optimal schedule,  should be varied 

while keeping all constraints fixed. This provides conservative vs. aggressive weekly 

plans (Table 3). 

 

Table 3. Results under different   

      Total 

0.5 (risk first) 2.549 7.029 1.179 1.179 6.065 18.00 

1.0 (baseline) 3.511 7.046 1.627 1.627 4.149 18.00 

2.0 (performance first) 4.633 6.363 2.002 2.002 3.000 18.00 

 

Interpretation: 
 

As the tradeoff weight  increases, the optimizer prioritizes performance over 

injury risk. The high-intensity and strength components ( ) increase steadily, 

while recovery ( ) decreases until it reaches its lower bound at . Conversely, 

when , recovery time expands to over six hours, and high-stress components 

are reduced, producing a safer but less performance-driven training plan. Across all 

scenarios, the total time constraint remains active, confirming that weekly training hours 

are fully utilized. 

 

Sensitivity Study B: Increasing the Recovery Minimum 

 

A second experiment evaluates a stricter recovery policy as shown in Table 4. 

 

Table 4. Results under different recovery times  
Scenario      

Baseline ,  3.511 7.046 1.627 1.627 4.149 

Safer ,  3.4762 6.4093 1.5572 1.5572 5.0000 



Vol. 13, No.2 Alcas & Trafalis: Nonlinear Optimization of Weekly Training Plans… 

 

112 

Interpretation: 

 

Increasing the recovery minimum to 5 hours forces  to bind at its lower 

limit and shift time mainly away from technical and high-stress categories 

while preserving the full weekly budget. 

 
Practical Interpretation (Hours → Days) 

 

Although decision variables are optimized in hours, recovery can be interpreted 

in days for narrative clarity. The baseline solution gives: 

 

●  1-2 structured recovery days/week (depending 

on daily recovery duration). 

 

 

Discussion 

 

The baseline optimum is realistic because of the nonlinear structure in the 

objective. The performance term is concave , so marginal performance 

benefits decrease as a category grows. This prevents the optimizer from allocating 

nearly all 18 hours into a single component. In contrast, injury-risk penalties are 

convex and quadratic for , meaning risk accelerates rapidly after moderate 

volume. As a result, high-stress categories are kept controlled even though they 

positively influence performance. 

The KKT multipliers provide meaningful interpretation. The positive multiplier 

on the total weekly-hours constraint indicates that time availability is the main limiting 

resource: if the athlete had a larger weekly budget, the objective value could improve. 

The zero multipliers for both the high-intensity cap and recovery minimum imply that 

those policies do not bind under baseline preferences — the model’s natural risk 

penalty already keeps high-intensity volume low, and recovery is worthwhile enough 

to exceed its minimum without being forced. 

Once the sensitivity studies are inserted, this section should emphasize how 

optimal plans shift based on risk tolerance ( ) and on stricter recovery policies. 

Together, these results show the model can function as a practical decision tool that 

lets a coach adjust training philosophy while maintaining mathematical consistency 

with nonlinear constrained optimality principles. 
 
 

Difficulties, Deviations, and Limitations 

 

The main difficulties, deviations, and limitations for this project are: 

 

1. Illustrative coefficients. The model was designed as a category (iii) project, 

which allows fictitious but realistic parameter values to demonstrate 

methodology rather than relying on full athlete-specific calibration. 
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2. Single-week horizon. The optimization focuses on one representative 

week and does not explicitly model multi-week fatigue accumulation, 

tapering cycles, or tournament scheduling. 

3. Separable objective terms. Performance and risk are modeled as 

additive effects of each activity category. Interaction effects (e.g., strength 

improving tolerance to match play) are not directly included. 

4. Local optimality. Because the objective may be nonconvex depending 

on , fmincon guarantees a local optimum. Multiple feasible starting 

points help confirm stability, but global optimality is not proven. 
5. Continuous hours rather than discrete schedules. The solution provides 

hour allocations, which must still be translated into a day-by-day 

weekly microcycle by a coach. 

 

These limitations define where the model is most appropriate and motivate 

future improvements. 

 

 

Conclusions and Future Work 

 

This project formulated and solved a constrained nonlinear optimization 

model for weekly tennis training allocation. The objective combined accelerating 

injury risk penalties and diminishing performance returns, while enforcing realistic 

weekly planning constraints. The KKT framework supported interpretation of 

active/inactive constraints, and MATLAB fmincon (SQP) provided a numerical 

optimum consistent with course computational optimization methods. 

Key conclusions from the baseline results are: 

 

1. The optimal plan uses the entire weekly time budget essentially, and the 

positive KKT multiplier confirms the total-hours constraint is binding. 

2. High-intensity, strength, and conditioning are controlled naturally through 

nonlinear risk penalties, keeping the high-intensity cap inactive. 

3. Recovery exceeds its minimum even without being forced, indicating 

recovery has strong value in reducing overall risk under baseline preferences. 

 

Future work could extend the model by (a) Optimizing multi-week schedules 

with fatigue carryover; (b) Calibrating parameters using athlete monitoring data; 

(c) Adding interaction terms between categories; and (d) Comparing SQP with 

penalty, barrier, or evolutionary algorithms, discussed later in the course. 
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Appendices 

 

A. main.m code in MATLAB 
 

Image 1.  main.m MATLAB code part 1  

 

 

Image 2. main.m MATLAB code part 2 
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B. fun.m code in MATLAB 

 

Image 3.  fun.m MATLAB code  

 
 

B. MATLAB outputs 

 

Image 4. main.m  MATLAB outputs with alpha = 1.0 part 1 
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Image 5.  main.m  0MATLAB outputs with alpha = 1.0 part 2 

 
 

Image 6.  main.m  MATLAB outputs with alpha = 2.0 

 
 

 

Image 7.  main.m  MATLAB outputs with alpha = 0.5 
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Image 8.  main.m  MATLAB outputs with  
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Volunteerism and the Olympic Games: 

From 1980 to 2024  
 

By Ioannis Karmas, George Karlis± & Nicos Kartakoullis○ 
 

This paper provides a descriptive review of volunteering at the Olympic Games from 

1980 to 2024.  Through the compilation of secondary data, the intent is to: (1) 

compare the number of volunteers from 1980 to 2024 while identifying trends and 

directions of Olympic volunteerism, and (2) present the limited existing data on 

demographics to understand the make-up of volunteers. The results indicate that: (1) 

a significant growth in the number of Summer and Winter Olympic Games 

volunteers since Lake Placid 1980, (2) a growing trend to increasing volunteer 

reliance for both the Summer and the Winter Olympic Games when comparing 

volunteer numbers pre and post 2000, (3) more women volunteer at the Summer 

Olympic Games and slightly more men volunteer at the Winter Olympic Games, (4) 

the highest number of Olympic Games volunteers come from the 16-35 age cohort, 

and, (5) both the Summer and Winter Olympic Games rely primarily on domestic 

sport volunteers while the Summer Olympic Games attracts more sport volunteer 

tourists than the Winter Olympic Games. 
 
Keywords: volunteerism, Olympic Games, sport volunteers, sport volunteer tourists 

 

 

Introduction 

 

The role of volunteers at the Olympic Games is not just significant, it's unique.  

Former International Olympic Committee [IOC] President Jacques Rouge aptly 

described Olympic Games volunteers as 'true Olympians' and 'the unsung heroes' 

(IOC 2011). The IOC itself has consistently underscored the pivotal role of volunteers, 

stating that volunteers are the ones who 'make the Games' (IOC n.d.).  

At the most recent Summer Olympic Games held in Paris in 2024, just like in 

past Olympic Games, the host Organizing Committee for the Olympic Games 

(OCOG), was mandated to recruit, train, and coordinate the volunteers and the 

volunteer services provided.  Indeed, the OCOG’s of the host city of each respective 

Olympic Games, Summer and Winter, have the colossal task of planning, organizing, 

directing, and controlling the large number of volunteers to ascertain that not only are 

the necessary services being provided accordingly, but also by instilling a philosophy 

of Olympism in volunteers.  As Olympic Games volunteers are the first contact of 

encounter for guests, spectators, athletes, coaches, officials, and media, sufficient 

recruitment and training of these volunteers is of utmost importance (Karlis 2006).  

Volunteering is serious business, particularly at mega-sports events such as the 

Olympic Games. Not only are volunteers’ unsung heroes, but volunteers are also the 

 
PhD Candidate, School of Human Kinetics, University of Ottawa, Canada. 
±Full Professor, School of Human Kinetics, University of Ottawa, Canada. 
○Adjunct Professor, School of Human Kinetics, University of Ottawa, Canada and Full 

Professor, School of Business, University of Nicosia, Cyprus. 



Vol. 13, No.2 Karmas et al.: Volunteerism and the Olympic Games: From 1980 to 2024 

 

119 

face of the Games. The successful implementation of the Olympic Games depends on 

the efforts of volunteers and the services that these volunteers provide. Interestingly, 

the Olympic Games volunteer movement as it appears today has not been around that 

long, first commencing during the Lake Placid Games in 1980 (Moreno, 1999).  Thus, 

research on volunteerism at the Olympic Games is limited as this area of research is 

still quite young. Since 2000 however, researchers such as Karlis (2008) and Holmes 

at al., (2024) have called for more research to better understand volunteerism at the 

Olympic Games and its relevance and importance This paper aims to contribute to the 

limited research on volunteerism at the Olympic Games. 

Using a descriptive review this paper presents a comparative overview of 

volunteering at the Olympic Games from 1980 to 2024.  Through the compilation of 

secondary data, the intent is to: (1) compare the number of volunteers from 1980 to 

2024 while identifying trends and directions of Olympic volunteerism, and (2) present 

the limited existing data on demographics to understand the make-up of volunteers. 

Specifically, the objectives of this paper are to: 

 

1. Compare the number of volunteers at the Summer and Winter Olympic 

Games from 1980 to 2024. 

2. Depict trends of volunteers at the Summer and Winter Olympic Games from 

1980 to 2024. 

3. Look at the demographics of age and gender of Olympic Games volunteers at 

the Summer and Winter Olympic Games from 1980 to 2024. 

4. Identify and compare the numbers of domestic sport volunteers and sport 

volunteer tourists at the Summer and Winter Olympic Games. 

5. Provide suggestions for future research on volunteerism at the Olympics. 

 

 

Literature Review 

 

Sport Volunteerism 

 

Volunteering has been a characteristic of human behavior since the earliest 

records of human communities (Mirsafian & Mohamadinejad 2012). The act of 

willingly giving up one’s free time, resources, and effort through various endeavors 

has been observed over multiple decades of human history (Gaston & Alexander 

2001). Mihajovic et al. (2010) describes volunteering as a means of fostering trust 

within communities, thereby strengthening the communities over time. This trust is 

essential for building strong, resilient communities capable of facing challenges.  

Surujlal and Dhurp (2008) outline the three primary beneficiaries of volunteering: 

the volunteers themselves, the organizations they assist, and the communities in which 

the organizations are located. Volunteers gain personal satisfaction, new skills, and a 

sense of purpose, while organizations benefit from additional assistance and fresh 

perspectives. Communities, in turn, are enriched through enhanced services and 

strengthened social bonds. Moreover, Mirsafian and Mohamadinejad (2012) highlight 

three essential features of volunteering. These features are that volunteering must be: 

(1) voluntary, (2) performed without payment, and (3) mutually beneficial for both the 
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individual volunteering and the organization for which they are volunteering. These 

characteristics ensure that the essence of volunteering remains rooted in altruism and 

communal benefit, fostering a cycle of giving and receiving that enriches all parties 

involved. 

Sport volunteerism is a distinct subsection of volunteering, involving support for 

organizations connected to sports. From international mega-sporting events to local 

activities, volunteers are crucial to their success (Mirsafian & Mohamadinejad 2012). 

Cuskley (1998) and Green and Chalip (1998) describe sport volunteers as integral and 

indispensable to the sport industry, providing essential support in event management, 

logistics, and participant services. Volunteers help sporting events worldwide by 

reducing expenses and contributing fresh ideas (Shin & Kleiner 2003). This cost-

saving aspect is vital for non-profit and smaller-scale events with limited budgets. 

Additionally, sport volunteerism enhances community spirit, offering volunteers 

valuable experiences and skills while promoting inclusivity and engagement. By 

involving diverse groups, sport organizations create more inclusive and representative 

events that resonate with a wide range of participants and audiences. 

The pivotal role that volunteers play in the world of sports can be easily discerned 

from a statistical perspective as well. In Canada, over one million individuals are 

considered sport volunteers (Cuskelly at al. 2006). This trend is mirrored in Australia, 

where the proportion of sport volunteers remains substantial. Meanwhile, in England, 

the figure is even more striking, with the number of sport volunteers reaching 4.5 

million (Cuskelly et al. 2006). The prominence of sport volunteers as a proportion of 

total volunteers within these countries further emphasizes their impact: 18% of 

Canadian volunteers, 26% of Australian volunteers, and 26.5% of English volunteers 

are involved in sports (Cuskelly et al. 2006). These figures demonstrate the heavy 

reliance of the sports industry on volunteer support, showcasing the vital importance 

of sport volunteerism to the broader volunteer sector. As Doherty (2009) suggests, 

such data underlines the integral contribution of volunteers in sustaining the sports 

industry and the broader implications this has for volunteerism. 

 

Sport Volunteer Tourism 

 

In the context of sport volunteerism, there are further distinctions within this sub-

section of volunteering. Researchers have described volunteer tourism as one of the 

fastest-growing alternative travel experiences (Pompurová et al. 2018). The key 

difference between volunteer tourists and other volunteers is that volunteer tourists 

work outside of their place of residence (Pompurová et al. 2018). Traditional volunteer 

tourism or voluntourism projects are organized by NGOs, local groups, associations, 

or local authorities (Pompurová et al. 2018). Voluntourism can occur under various 

circumstances: long-term, short-term, episodic, or occasionally (Pompurová et al 2018). 

Often, volunteer tourists, like domestic volunteers, contribute to the successful execution 

of a variety of events (Pompurová et al. 2018). Additionally, volunteer tourists may 

enhance the tourism potential of the locations where they volunteer (Pompurová et al. 

2018).  

Sport volunteer tourism primarily involves individuals traveling to volunteer for 

sporting events. Currently, there is limited research on examining the impact of sport 
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volunteer tourists on the management of sporting events. Most research in this field 

focuses on understanding the motivational factors that drive people to participate in 

this form of volunteering (Jarvis & Blank 2011, Smith et al. 2016). 

Perhaps one of the reasons why limited research exists on sport volunteer tourism 

is that the concept of “sport volunteer tourism” has been only scantly operationalized 

in literature.  In 2006, Karlis delivered a Keynote address assessing the needs of “sport 

volunteer tourists” at the Olympic Games bringing focus on the newly conceptualized 

term of sport volunteer tourists. This Keynote address which was delivered at the 14th 

European of Sport Management Congress in Nicosia Cyprus brought to the forefront 

the importance of defining and examining sport volunteer tourism as a unique sub-

group of sport volunteerism. The focus of Karlis’ (2006) research centered around the 

fact that not all sport volunteers are tourists, as some are domestic residents who dwell 

in the city hosting the sport event. Thus, the call was put forth by Karlis in 2006 for 

researchers to further work on conceptualizing this notion while also enhancing 

research on sport volunteer tourism. 

In subsequent research conducted on sport volunteer tourism, Karlis et al (2020) 

provide a historical overview of the conceptualization of sport volunteer tourism in 

research, while setting a direction for future research.  Commencing with a historical 

overview of conceptual research on sport volunteer tourism, Karlis et al (2020) present 

how sport volunteer tourism has now started to be recognized as a unique part of the 

sport tourism experience.  Karlis at al., (2020) in calling for more research on sport 

volunteer tourism conclude by stating the following directions for future research: (1) 

identify the attributes of conceptualizing sport volunteer tourism, (2) discern the 

attributes of sport volunteer tourists, (3) recognize the distinct types of sport volunteer 

tourism, (4) distinguish the distinct types of sport volunteer tourists, and (5) distinguish 

the concepts “sport volunteer tourism” from the concepts of “sport tourism” and 

“volunteer tourism.”  

In sum, it should be noted that the sport volunteer experience consists of two 

distinct and unique type of sport volunteers: (1) sport volunteers who are domestic, 

that is, reside in the host city in which the sport event is held, and (2) sport volunteer 

tourists who come from national or international places outside of the host city. 

Indeed, sport volunteer tourists, whether they are local residents or not, are a unique 

group, possessing an attribute to serve at a selected sport event, even if it costs them, 

as in the case of non-local residents, a large amount of money for travel and 

accommodation. Without a doubt, the need to serve and be a part of a specific mega 

sport event is what drives sport volunteer tourists to devote time, energy, money, and 

often their vacation to engage in this type of volunteer work (Karlis 2006). 
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Volunteering and the Olympic Games 

 

The origin of contemporary volunteer movement of the Olympic Games dates to 

1980 (Karlis 2008, Moreno 1999), when the organizing committee of the Lake Placid 

Winter Games pioneered a volunteer program to recruit and train around 6000 

volunteers (Moreno, 1999). Since then, subsequent organizing committees have 

consistently utilized similar volunteer programs. Furthermore, the management of 

Olympic volunteers has progressed, adapting specific models to meet the diverse 

requirements of host cities over the years, including the recruitment of volunteers.  

The most common model of recruiting volunteers for most mega-events is 

"program management" (Holmes et al. 2018). Organizing committees who used this 

model, such as during the London 2012 Games, focused on recruiting volunteers and 

placing them in respected volunteer positions, rather than focusing on the individual 

needs of each volunteer (Mejis & Hoogstad 2001, Mejis & Karr 2004).  To enhance 

the volunteer experience and address hosting needs, numerous OCOG’s have adjusted 

their volunteer program models over the years. For instance, the Sydney Summer 

Games in 2000 employed a pyramid approach, where organizers initially assigned 

specific volunteer roles before opening recruitment to the general population. This 

method ensured that critical positions were filled by individuals with the necessary 

skills and experience before expanding the search to include a broader pool of 

applicants (Holmes et al. 2018). In contrast, the 2008 Summer Games in Beijing 

adopted a targeted recruitment strategy, focusing on identifying the ideal volunteers for 

their program, with a particular emphasis on recruiting students. This approach aimed 

to leverage the enthusiasm and availability of younger volunteers (Zhuang & Girginov 

2012). While there is no one-size-fits-all approach for recruiting volunteers for mega-

events such as the Olympic Games, the necessity of these volunteers is vital to the 

successful running of sporting mega-events like the Olympics. 

Those who volunteer at the Olympic Games commit their time not only during 

the Games but also in some cases before and after the Olympic Games take place. 

This commitment often includes participating in interviews, undergoing training 

sessions, and preparing for various roles that support the Games' operations. Leading 

up to the 2004 Summer Games in Athens, prospective volunteers were required to 

participate in a personal interview and comprehensive training sessions before the 

Games commenced (Karlis 2006). These sessions ensured that volunteers were well-

prepared and understood their roles, contributing to a smoother execution of the event. 

While each National Olympic Committee operates uniquely, volunteer training 

typically includes sessions on Olympic history, hosting and customer service 

techniques, cultural awareness and sensitivity, and international relations (Karlis 

2006). These training programs are designed to equip volunteers with the knowledge 

and skills needed to effectively interact with athletes, officials, and spectators from 

around the world. As an incentive for their dedication, volunteers often receive various 

benefits, including free uniforms, meals, refreshments, tickets to events during the 

Games, and ground transportation to the Olympic venues (Karlis 2006). These 

incentives help to recognize the volunteers' contributions and enhance their overall 

experience, making their time and effort feel valued and appreciated. 
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Existing research on volunteerism at the Olympic Games focuses on two broad 

categories: (1) the socio-psychological dimension of the volunteers, and (2) the 

management of volunteers. Research on the socio-psychological dimension of the 

volunteers focuses largely on motivations to volunteer, volunteer sustainability, 

satisfaction, and the impact of the volunteer experience (Kim et al. 2019, Teixera et al. 

2023, Chaplin and Harris 2014)). Whereas research that exists on the management of 

Olympic volunteers primarily looks at recruitment and management techniques 

employed, legacies, and challenges in management (Holmes et al. 2024, Wicker 

2017). This paper aims to contribute to the development of a third broad category of 

research on volunteerism at the Olympic Games – a research category that focuses on 

examining the state of condition of Olympic volunteerism.  That is, an examination of 

trends and directions of volunteerism at the Olympic Games as well as the 

demographic composition of Olympic Games volunteers with an emphasis on 

domestic sport volunteers and sport volunteer tourists.  

 

 

Methods 

 

This study employed a descriptive review approach to understand what has 

already occurred. Data came from existing papers and reports on Olympic 

volunteerism gathered through an extensive literature review, including information 

from the hosting OCOG’s, to analyze trends and directions of Olympic volunteerism 

from 1980 to the present as well as available demographic information of Olympic 

volunteers on age, gender, and sport volunteerism. Data such as nationality and 

regional origin of volunteers was not presented as it was not available in a substantial 

amount to compose a meaningful descriptive review. The data used in this review has 

been summarized to provide a visualization of what has taken place using averages, 

percentages, and frequencies. The averages, percentages, and frequencies of the tables 

presented below help to identify trends, patterns, and relationships in a collective 

examination for all past Olympic Games since the commencement of the Olympic 

Games volunteer movement of Lake Placid 1980. 

 

 

Results 

 

The results below present descriptive findings on Olympic Games volunteers 

from 1980 to 2024, beginning with frequency counts of volunteers of each of the 

Summer and Winter Olympic Games, as well as averages to summarize trends, 

patterns, and relationships. Basic demographics that were found for gender, age, and 

sport volunteerism are also presented. Data on domestic sport volunteers versus sport 

volunteer tourists in the form of frequencies and percentages are presented to better 

understand these two distinct groups of sport volunteers and their involvement in the 

Summer and Winter Olympic Games. It should be noted that every effort has been 

made to ensure the accuracy of the numbers presented below, yet no standardized 

instrumentation has been used collectively by all past OCOG’s to present Olympic 

volunteerism thus posing accuracy limitations. The numbers that appear in the results 
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below come from an attempt to put together in comparative format existing information 

made available by the respective OCOG’s. Numbers, in some cases, have been rounded 

to present whole numbers for statistical, analytical and presentation purposes.  

 

Number of Volunteers at the Summer and Winter Olympic Games from 1980 to 2024 

 

In Table 1, the total number of volunteers at the Summer and Winter Olympic 

Games since Lake Placid 1980 is depicted. Both the Summer and Winter Olympic 

Games indicate a significant growth in the number of volunteers since the 

inauguration years of the Olympic volunteer movement, that is Lake Placid 1980 and 

Los Angeles 1984. Indeed, as Lake Placid 1980 utilized the least number of volunteers 

at 6,703, Nagano 1998 employed the highest number of Winter Olympic Games 

volunteers at 32,000. Since Nagano 1998, the range of Winter Olympic volunteers 

extends from the lowest recorded amount of 14,000 volunteers at Pyeongchang in 

2018 to 25,000 volunteers relied on at both the Turin 2006 and Sochi 2014 Games. 

For the Summer Olympic Games, the highest number of volunteers was recorded 

by Tokyo 2020 in which 70,900 volunteered their services.  Indeed, since Atlanta 

1996, the number of volunteers employed at the Summer Games has not dropped 

below 45,000. With the exception of Paris 2024, Athens, 2004, and Sydney 2000, the 

number of Summer Olympic Games volunteers has not dropped below 50,000, while 

Tokyo 2020, London 2010, and Beijing 2008 indicated 70,000 or more volunteers 

employed.  

 

Table 1. Total Number of Volunteers at the Summer and Winter Olympic Games from 

1980-2024 

Summer 
Number of 

Volunteers 
Winter 

Number of 

Volunteers 

Los Angeles 1984 28,742 Lake Placid 1980 6,703 

Seoul 1988 27,221 Sarajevo 1984 10,450 

Barcelona 1992 34,548 Calgary 1988 9,498 

Atlanta 1996 60,422 Albertville 1992 8,647 

Sydney 2000 47,000 Lillehammer 1994 9,054 

Athens 2004 45,000 Nagano 1998 32,000 

Beijing 2008  70,000 Salt Lake City 2002 22,000 

London 2012 70,000 Turin 2006 25,000 

Rio 2016 50,000 Vancouver 2010 18,500 

Tokyo 2020 70,970 Sochi 2014 25,000 

Paris 2024 45,000 Pyeongchang 2018 14,000 

  Beijing 2022 19,000 

 

• Numbers indicated for Summer and Olympic Games from 2000 onwards are 

approximations. 

 

To help visualize the patterns of volunteer involvement in the Winter and 

Summer Olympic Games from 1984 to 2024, Figures 1 and 2 have been created.  

Figures 1 and 2 illustrate that although the Summer and Winter Olympic Games 

continue to rely on a high number of volunteers the peak number reached in the past 
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did not become the standard norm for Summer and Winter Olympic Games that 

followed. That is, subsequent Olympic Games after Tokyo 2020 and Nagano 1998 

have not exceeded or matched the record setting numbers of volunteers employed at 

Tokyo 2020 and Nagano 1998. 

 

Figure 1. Number of Volunteers During Summer Olympic Games (1984-2024) 

 
 

Figure 2. Number of Volunteers During Winter Olympic Games (1980-2022) 

 
 

Trends in Volunteering at the Summer and Winter Olympic Games 

 

The increase in the number of volunteers relied on for the delivery of services at 

both the Winter and Summer Games is identified in Table 2.  For the six Winter 

Olympic Games that took place from 1980 to 1998, an average of 12,725 volunteers 

were called on to provide their services. From the first Games of the new millennium 

hosted by Salt Lake City in 2002 up until the recent Games of Beijing 2022, an 

average of 20, 583 volunteers were employed. Yet, since the start of the volunteer 
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movement in Lake placid in 1980, an average number of 16,654 volunteers have been 

called on to provide services at the Winter Games. 

By contrast, the average numbers of volunteers employed at the Summer 

Olympic Games (51,809) are larger than the Winter Olympic Games (16,654). 

Similarly to the Winter Olympic Games, the average number of volunteers employed 

at the Summer Olympic Games has increased post millennium. Indeed, the average 

number of volunteers (56,852) of the last seven Olympic Games since Sydney 2000 

greatly surpasses the average number of volunteers of the previous four Olympic 

Games (37,733) from Atlanta 1996 and prior.  

 

Table 2. Average Number of Volunteers at Summer and Winter Olympic Games 

during Specific Time Periods 
Time Period Average Number of Volunteers 

Summer Olympic Games (1984-2024) 51,809 

Summer Olympic Games (1984-1996) 37,733 

Summer Olympic Games (2000-2024) 56,852 

Winter Olympic Games (1980-2022) 16,654 

Winter Olympic Games (1980-1998) 12,725 

Winter Olympic Games (2002-2022) 20,583 

 

Demographics of Volunteers at the Summer and Winter Olympic Games 

 

Very little secondary research is available that presents the demographic 

composition of volunteers at the Olympic Games. From the little content that is 

available on volunteering at the Olympic Games, demographic information has been 

found for Olympic Games held post 2000 that present figures for gender, age, as well 

as place of permanent residence of volunteers, that is, domestic sport volunteers and 

sport volunteer tourists. 

 

Gender 

Table 3 shows that, on average, the number of women surpasses men when it 

comes to volunteering at the Summer Olympic Games. Since the Games of Athens of 

2004, more women have volunteered at all the Summer Games than men, with the 

two exceptions being the Athens 2004 Games that featured more men volunteers than 

women, and the Paris 2024 Games which had an even split in the number of men and 

women volunteers. In fact, at the London 2012 Games and at Tokyo 2020, for every 

10 volunteers, approximately 6 were women and 4 were men. 

 

Table 3. Gender of Summer Olympic Games Volunteers from 2004-2020 

Host city (year) Men Women 

Athens (2004) 53.5% 46.5% 

Beijing (2008) N/A N/A 

London (2012) 41% 59% 

Rio (2016) 46% 54% 

Tokyo (2020) 

Paris (2024) 

40.5% 

50.0% 

59.5% 

50.0% 

Average (All Games) 46.% 54% 
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Unlike the Summer Olympic Games, the Winter Olympic Games in Table 4 

indicates slightly higher levels of average volunteer involvement by men (51%) in 

comparison to women (49%). Yet it should be noted that in two of the three Winter 

Olympic Games reported in the findings of Table 4, the number of women volunteers 

surpassed the number of men volunteers by over 8%.  Indeed, the percentage of 

women volunteer involvement was found to be consistent at Vancouver 2010 (54.5%) 

and Pyeongchang 2018 (54%).  

 

Table 4. Gender of Winter Olympic Games Volunteers from 2006-2022 
Host city (year) Men Women 

Turin (2006) 61% 39% 

Vancouver (2010) 45.5% 54.5% 

Sochi (2014) N/A N/A 

Pyeongchang (2018) 46% 54% 

Beijing (2022) N/A N/A 

Average (All Games) 51% 49% 

 

Age 

Table 5 indicates that in Athens 2004 and Rio 2016 less than 10% of the 

volunteers were aged 55 and older. Conversely, in London 28% and in Tokyo 36% of 

the volunteers were 55 years of age and older. Most Summer Olympic Games 

volunteers tend to be between the ages of 16 – 35 (47%). The high number of 

volunteers in the younger age cohort was also substantiated in the most recent Games 

of Paris 2024. Although statistics available for the Paris Games do not use the same 

age range categories as the other Summer Olympic Games that appear in Table 5, 

83% of the Paris 2024 volunteers were between the ages of 15 – 44 years of age, with 

only 17% of volunteers aged 45 and older. Please note that Paris 2024 is not included 

in Table 5 as the age range categories were not consistent with those of the previous 

Summer Olympic Games.  

 

Table 5. Age of Summer Olympic Game Volunteers from 2004-2020 

Host city (year) 
Aged 

16-35 

Aged 

36-55 
Aged 56+ 

Athens (2004) 63% 30% 7 % 

Beijing (2008) N/A N/A N/A 

London (2012) 35% 37% 28% 

Rio (2016) 63% 29% 8% 

Tokyo (2020) 27% 37% 36% 

Average (All Games) 47% 33% 20% 

 

Similarly, to the Summer Olympic Games, most volunteers at the Winter 

Olympic Games are 55 years of age and under, with 46% between the ages of 16-35 

years of age and 29% between the ages of 36-55 (see Table 6). From available 

statistics on the number of volunteers aged 55 and older, it was found that at the 

Winter Olympic Games the number of volunteers surpassed the number of volunteers 

at the Summer Olympic Games by 5%. It should be noted that although Beijing 2022 

reported that 93% of its volunteers were between the ages of 16-35, these numbers 
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were not factored in Table 6 as statistics on the number of volunteers in the other two 

age categories were not found. Nonetheless, just like Turin 2006 and Pyeongchang 

2018, Beijing 2022 identifies the age group of 16-35 to consist of the greatest number 

of volunteers at the Winter Olympic Games.     

 

Table 6. Age of Winter Olympic Game Volunteers from 2006-2022 

Host city (year) 
Aged 

16-35 

Aged 

36-55 
Aged 56+ 

Turin (2006) 47% 20% 33% 

Vancouver (2010) 30% 37% 33% 

Sochi (2014) N/A N/A N/A 

Pyeongchang (2018) 62% 31% 7% 

Average (All Games) 46% 29% 25% 

 

Domestic Sport Volunteers and Sport Volunteer Tourists 

 

Although very little information is available on place of permanent residence of 

Olympic volunteers, information that is available shows that the bulk of volunteers at 

the Summer Olympic Games are domestic residents, that is domestic sport volunteers 

(see Table 7). International residents, that is, sport volunteer tourists, accounted for less 

than 10% of the total number of volunteers at London 2012 and Rio 2016. However, 

at the most recent Summer Olympic Games held in Paris 2024, a significant increase 

took place, with 20% of volunteers recognized as sport volunteer tourists  

 

Table 7. Domestic Sport Volunteers and Sport Volunteer Tourism at the Summer 

Olympic Games Volunteers from 2004-2020 
Host city (year) Domestic Sport Volunteers Sport Volunteer Tourists 

Athens (2004) N/A N/A 

Beijing (2008) N/A N/A 

London (2012) 97% 3% 

Rio (2016) 90% 10% 

Tokyo (2020) 

Paris (2024) 

N/A 

80% 

N/A 

20% 

Average (All Games) 89% 11% 

 

Statistics presented in Table 8 for the Winter Olympic Games are approximate 

numbers made available by the respected OCOG’s. Yet, from these estimated 

numbers, comparisons can be made with the figures presented for the Summer 

Olympic Games. Specifically, the Summer Olympic Games indicate in Table 7 a less 

reliance on domestic sport volunteers than the Winter Olympic Games. Whereas, the 

number of sport volunteer tourists, are reported to be greater on average in the 

Summer Olympic Games (11%) than in the Winter Olympic Games (6%). 
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Table 8. Domestic and International Winter Olympic Games Volunteers from 2006-

2022 

Host city (year) Domestic Sport Volunteers Sport Volunteer Tourists 

Turin (2006) N/A N/A 

Vancouver (2010) 95% 5% 

Sochi (2014) 92% 8% 

Pyeongchang (2018) 95% 5% 

Beijing (2022) N/A N/A 

Average (All Games) 94% 6% 

 

 

Discussion 

 

To fulfill the objectives of this paper, existing data on Olympic volunteerism was 

gathered through an extensive literature review as well as from information of host 

OCOG’s to derive an analysis of trends and directions of Olympic volunteerism from 

1980 to the present. The data gathered was summarized by averages, percentages, and 

frequencies and several key findings were identified that could lead to stimulate 

further research.  

 

Number of Volunteers 

  

Mega sport events rely on sport volunteers to assist in implementing day-to-day 

functions and operations of the Games. The Summer and Winter Olympic Games are 

no exception. Indeed, the rich history of the Olympic Games has made this mega sport 

event perhaps the highest profiled mega sport event globally. Research indicates that 

attracting and recruiting volunteers for the Summer and Winter Olympic Games has 

not been difficult, as many apply to volunteer, yet only not all are chosen for limited 

volunteer positions (Noordegraaf/Celibi 2015). 

As the number of volunteer positions available depend on the OCAG’s, it needs 

to be pointed out that the increasing number of volunteers at the Summer and Winter 

Olympic Games is probably a reflection of: (1) a greater reliance on volunteers to 

provide services, (2) the growth and expansion of the Olympic Games, and (3) the 

need to provide a growing number of services to spectators (Karlis, 2006). It appears 

that with each passing Olympic Games, the volunteer movement becomes stronger 

with many lasting benefits.  

The smallest number of volunteers at the Summer Olympic Games was in Los 

Angeles (28,742), whereas the largest number of volunteers at the Summer Olympic 

Games was Tokyo 2020 (70,970). Similarly, the smallest number of volunteers at the 

Winter Olympic Games was in Lake Placid 1980 (6,703), whereas the largest number 

of volunteers at the Winter Olympic Games was Nagano 1998 (32,000).  Although the 

most recent Summer Olympic Games, Paris 2024, employed less volunteers 26,470 

than Tokyo 2020, it is highly unlikely that less than 45,000 volunteers will be relied on 

for future Summer Olympic Games as all Summer Olympic Games since Atlanta 

1996 have employed 45,000 or more volunteers. The same can be said for the number 
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of volunteers for future Winter Olympic Games. The most recent Winter Olympic 

Games, Beijing 2022, relied on 13,000 less volunteers than Nagano 1998, but since 

Nagano 1998, except for Pyeongchang (14,000), all Winter Olympic Games have 

been assisted with the service of no less than 18,000 volunteers. 

 

Trends in Volunteering 

 

According to Essex and Chalkley (2007) the Summer Olympic Games are 

widely perceived as the more popular of the Winter Olympic Games because of a 

larger audience both in person and on television, as well as a greater number of nations 

participating in the events leading to more athlete involvement. Not only do the 

number of volunteers historically reflect the popularity of the Summer Olympic 

Games, the trend indicating a greater growth in volunteer participation at the Summer 

Olympic Games in comparison to the Winter Olympic Games also ascertains this 

higher popularity of the Summer Olympic Games. 

The findings of this paper revealed that from 1980-2024, the average number of 

volunteers for the Summer Olympic Games (51,809) greatly surpasses the average 

number of volunteers for the Winter Olympic Games (16,654). For the Summer 

Olympic Games, the average number of volunteers for 1984-1996 was 37,733 

whereas for the Summer Olympic Games held from 2000-2024 the average number 

of volunteers increased significantly to 56,852. This was an increase of almost 20,000 

volunteers. For the Winter Olympic Games on the other hand, the average number of 

volunteers for 1980-1998 was 12,725 whereas from 2002-2022 the average number of 

volunteers increased significantly to 20,583, yet the increase of approximately 8,000 

volunteers is much less than the increase of almost 20,000 volunteers experienced by 

the Summer Olympic Games. 

A growing trend to increasing volunteer use is evident for both the Summer and 

the Winter Olympic Games. This trend should come as no surprise as the staging of 

the Summer and Winter Olympic Games has become bigger, and the interest to serve 

as a sport volunteer has become more popular in recent years (Karlis, 2006). The fact 

that the Summer and Winter Olympic Games offer an elite level of competition also 

helps in stimulating a greater interest for people to serve as sport volunteers at these 

mega sport events. 

This growing trend to increasing volunteer reliance for both the Summer and 

Winter Olympic Games has significant practical implications for future OCOGs. The 

consistent reliance on volunteers in high numbers exceeding 45,000 for Summer 

Olympic Games and 18,000 for Winter Olympic Games means that organizing 

committees must continue to place a high importance on volunteers and the services 

they provide. Practically, this requires host cities to dedicate substantial resources and 

years of advance planning to recruitment, training, scheduling, and logistics—such as 

transport, uniforms, etc. —to support these high numbers of volunteers. As the 

Olympic Games continue to grow, the capacity of an OCOG to effectively manage 

this high number of volunteers will be a critical factor in the overall operational 

success of future Olympic Games. 
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Demographics 

 

Gender 

The results of this paper found that on average, more women (57%) volunteer at 

the Summer Olympic Games than men (46%). Yet, at the most recent Summer 

Olympic Games, 50% of the volunteers were women and 50% were men. Although 

slightly more men (51% than women (49%) participate on average at the Winter 

Olympic Games, in two of the most recent Winter Olympic Games it was found that 

women had a much greater volunteer involvement than men, at Vancouver 2010 

(54.5%) and Pyeongchang 2018 (54%). 

The gender difference in volunteering at the Summer and Winter Olympic 

Games may reflect potential gender differences in the motivations for volunteering 

(Alexander et al 2015, Hallman et al 2020, Khoo et al 2011). Downward and Ralston 

(2005) for example identify significant differences in men and women volunteers with 

personal interest and skill acquisition. Further research by Skirstad and Hanstad 

(2013) mentioned different motivating factors for men and women in volunteering at 

mega sport events, with women more than men using the mega sport event to raise 

their personal and social capital. Whereas Dorsch et al., (2002) identify a sense of 

obligation as being a key factor that drives men to volunteer whereas social interaction 

and helping others were attributes motivating women to volunteer. 

 

Age 

The findings of this study revealed that adults over 55 years of age volunteer less, 

on average, at the Summer and Winter Olympic Games than the other age cohorts. 

Turin 2006 however, was the only Olympic Games to have reported a higher number 

of senior adult volunteers over 55 years of age as compared to adult volunteers aged 

36-55. The highest number of volunteers however is identified in the 16-35 age 

cohorts for both the Summer Olympic Games (47%) and the Winter Olympic Games 

(46%). Perhaps this is reflection of a greater interest in sport by the younger adults as 

compared to older adults. 

The findings of this study also revealed that Tokyo 2020 (36%) reported the highest 

number of volunteers over 55 years of age of all Summer Olympic Games, whereas 

Vancouver 2010 (33%) and Turin (33%) indicated the greatest volunteer involvement of 

the Winter Olympic Games for the same age cohort. That is, at least for these three 

Olympic Games, older adult volunteer participation was at a high level. This high level 

could reflect a senior volunteer ethic of the people of Japan, Canada, and Italy. 

Research identified several different factors related to age difference and 

volunteering at the Olympics. Fyffe and Wister (2014) found in a study of volunteers 

following the Vancouver 2010 Games, that for middle aged adults, self-esteem and 

meaning of life were outcomes of the volunteer experience whereas for older adults 

the outcomes were sense of belonging and meaning in life. Further research by Dorsch 

et al (2002) revealed social interaction, recognition, and career advancement as 

influencing factors to motivate younger adults to volunteer at mega sport events, 

whereas for older adults a motivating factor to volunteer was helping the community. 

The consistent dominance of the 16–35 age cohort suggests that this group of 

volunteers will bring assets unique to this age cohort such as advanced technological 
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skills to the volunteer experience.  Conversely, the high participation of older adults in 

past Olympic Games like Tokyo 2020 and Vancouver 2010 highlights a senior volunteer 

ethic that OCOGs can tap into for roles requiring mentorship, local historical 

knowledge, and long-term community stability. The practical takeaway for 

administrators is the need for intergenerational volunteer management strategies that pair 

the cohort specific assets of younger volunteers with the cohort specific assets of older 

participants. 

 

Domestic Sport Tourists and Sport Volunteer Tourists 

 

This research study found that most volunteers at the Summer and Winter 

Olympic Games are domestic sport volunteers. This is not surprising as countries 

receive hosting the Summer and Winter Olympic Games with excitement and 

enthusiasm and attempt to pass this enthusiasm and excitement on to the citizens of 

their countries. 

The results of this study found that sport volunteer tourists offer their services 

more at the Summer Olympic Games (11%) as compared to the Winter Olympic 

Games (6%). On the other hand, the Winter Olympic Games tend to rely more on 

domestic sport volunteer than the Summer Olympic Games. This may be a result of 

seasonality as the summer months tend to be more popular for travelling and 

vacationing for those seeking the sport volunteer experience.  

As sport volunteer tourism continues to increase in popularity, (Pompurová et al. 

2018), it is beneficial for researchers and administrators to recognize that sport 

volunteers consist of two groups – sport volunteers that are domestic and sport 

volunteer tourists that are international. Although the outcome of the volunteer 

experience of enrichment, community contribution, and positive life experience may 

be the same for domestic sport volunteers and sport volunteer tourists (Doherty 2009), 

these are two distinct groups of sport volunteers who are likely to have distinct needs 

and unique interests as well. 

The growing presence of sport volunteer tourists, particularly in the Summer 

Olympic Games, signals the emergence of a highly mobile group of individuals who 

travel internationally to provide sport volunteer tourism services. While host cities 

benefit from this specialized experience and the associated tourism spending, the high 

reliance on domestic sport tourists in Winter Olympic Games suggests a more 

localized cultural need for volunteers. For future host committees, the challenge lies in 

leveraging the expertise of sport volunteer tourists without overlooking to recruit 

domestic sport tourists. Managing these two distinct groups requires tailored logistics, 

as sport volunteer tourists may require more intensive support regarding housing and 

accreditation, whereas domestic sport tourists offer a ethno-cultural attachment of 

sport engagement within their host nation. 
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Recommendations for Future Research on Volunteerism at the Olympics Games 

 

Research on volunteerism at the Olympics not only helps enhance the body of 

knowledge on sport volunteerism and the state of condition of Olympic volunteerism, 

it also may be of assistance to administrators of the Olympic Games, such as OCOG’s 

or IOC administrators. Through enhanced research, administrators of the Olympic 

Games and others interested in the volunteer movement at the Olympic Games would 

be in a better position to overview and articulate past trends and directions of Olympic 

Games volunteerism. More research may also contribute to an enhanced knowledge 

base on the make-up and composition of Olympic Games volunteers. In addition, 

expanded research may also assist to better understand volunteerism at the Olympic 

Games in comparisons to other mega sport events. Below are suggestions for what 

type of research needs to be conducted to contribute to existing research on 

volunteering at the Olympic Games. 

Recommendation 1: Conduct regular studies on the trend and direction of 

volunteerism at the Summer and Winter Olympic Games. Since the volunteer 

movement started in Lake Placid in 1980, little research has been done to identity and 

compare the number of volunteers of all Summer and Winter Olympic Games. 

Numbers say a lot. Numbers identify trends and directions. Numbers also identity 

growth and decline. By doing a regular overview of the changing number of 

volunteers at the Summer and Winter Olympic Games researchers will be able to 

recognize not only trends and directions during specific time periods, but also the 

value placed on volunteerism at the Olympics. 

Recommendation 2: Enhance understanding of demographic composition of 

volunteers of past Olympic Games. 

Demographics describe the big picture by providing statistical information on 

characteristics such as gender, age, income, and education. Currently, there is a lack of 

data on the demographic composition of volunteers at past Summer and Winter Games. 

Indeed, prior to 2000, it is difficult to find demographic information on volunteers. Little 

demographic information is available post 2000 that focuses on gender and age. Further, 

demographic information on education and income of volunteers would also be helpful 

in giving Olympic administrators a good overall picture as to who the volunteers are. To 

better understand trends in volunteering at the Olympics as well as identity patterns of 

volunteers, more demographics research is needed. 

Recommendation 3: Enhance research on sport volunteerism and its relevance to 

the Olympic Games. 

Research on sport volunteerism is still quite young. It was in the late 1990s that 

sport volunteer research started to emerge with the works of Auld (1997) and Cuskelly 

et al. (1998). Very little has been researched on sport volunteerism at the Olympics, as 

well as the impact the sport volunteer has on the Olympics and following the 

completion of the Olympic Games (Wang et al. 2019). More research is needed to 

better understand the significance and impact of the sport volunteer at the Summer and 

Winter Olympic Games. 

Recommendation 4: Examine sport volunteer tourism and its impact on the 

Olympic Games. 
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Both the Summer and Winter Olympic Games are popular with a unique group 

of sport volunteers that come from international countries, these are sport volunteer 

tourists. Just like the concept of sport volunteerism, the concept of sport volunteer 

tourism is relatively new in research, having come to the forefront in research in the 

early 2000s (Karlis et al. 2020). Little research has been conducted on understanding 

sport volunteer tourism, with even less research placed on recognizing who the sport 

volunteer tourists are at the Olympic Games. As the number of sport volunteer tourists 

continue to increase at the Olympic Games, more research is needed that focuses on 

enhancing knowledge as to who these individuals are and what motivates them to 

become sport volunteer tourists at the Olympic Games.  

Recommendation 5: Explore the uniqueness and significance of volunteering at 

the Olympics. 

Volunteering at the Olympics is unique due to its global scale, prestigious nature, 

and the diverse roles available. Volunteers gain invaluable experiences and contribute 

significantly to the Olympic Games success and legacy. As the Olympic Games 

continue to evolve and change, so do people. By conducting more research on getting 

to know the “experience” and “outcomes” of volunteering at the Olympic Games, 

administrators of the Olympic Games would be in a better position to understand who 

today’s sport volunteers are and what expectations sport volunteers have from the 

volunteer experience offered by the Olympic Games.  

 

 

Conclusion 

 

This paper used a descriptive review to provide a comparative overview of 

volunteering at the Olympic Games from 1980 to 2024.  Using secondary data, this 

paper: (1) compared the number of volunteers from 1980 to 2024, and (2) presented 

existing data on demographics of volunteers. The results identified: (1) a significant 

growth in the number of Summer and Winter Olympic Games volunteers since 1980, 

(2) a growing trend to increasing volunteer reliance for both the Summer and the Winter 

Olympic Games when comparing volunteer numbers pre and post 2000, (3) more 

women volunteer at the Summer Olympic Games and slightly more men volunteer at 

the Winter Olympic Games, (4) the highest number of Olympic Games volunteers come 

from the 16-35 age cohort, and, (5) both the Summer and Winter Olympic Games rely 

primarily on domestic sport volunteers while the Summer Olympic Games attracts more 

sport volunteer tourists than the Winter Olympic Games. 

Every effort has been made to ensure the accuracy of the numbers presented in 

this paper, yet the lack of available information and the lack of consistency in the 

categorical breakdown of these numbers in existing documentation should be 

mentioned as it may reflect the accuracy in the numbers presented. Indeed, it would be 

helpful for comparative purposes that future OCOG’s utilize a consistent and 

standardized process to measure the number of volunteers and demographics. 

Nonetheless, the limited numbers and information available on Olympic volunteerism 

have been put together in this paper to make a case of the importance of Olympic 

volunteerism and its trends and directions. 
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Olympic volunteerism is indeed essential to the organization and execution of the 

Olympic Games. Since the Lake Placid Games, the number of volunteers has 

consistently increased. The International Olympic Committee (IOC) has repeatedly 

emphasized volunteers' crucial role in the Games' success (IOC, n.d.). The findings of 

this study have been put together to contribute to a better understanding of trends and 

directions of volunteering at the Summer and Winter Olympic Games. The paper 

concluded with suggestions for future research that have also been put forth to help 

administrators of Olympic Games better understand and recognize not only trends and 

directions of volunteerism at the Olympic Games, but also the demographic 

composition of volunteers from the limited data available. The sport volunteer has also 

been distinguished from the sport volunteer tourist and emphasis has been placed on 

the need for more research to better understand Olympic Games volunteers.  To 

enhance our understanding of Olympic volunteerism, future research should focus on 

identifying the various characteristics of Olympic volunteers, such as their 

demographics and trends as little research exists that does this. 
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Rethinking the Central Midfielder:  

Intelligence over Power in the Modern Football 
 

By Arman Sargsyan 

 
In modern football, the central midfielder has evolved from a role defined by 

physicality and stamina into one of strategic intelligence, creativity, and mental 

agility.  This paper questions this stereotype and instead posits that the essential 

qualities for a midfielder are more technical and cerebral in nature, contributing 

to their ability to control the tempo of the game, making fast and correct decisions 

under pressure.Utilizing game examples and analyses of top-tier players like Xavi 

Hernández, Andrés Iniesta, Luka Modrić, Andrea Pirlo, Sergio Busquets, Vitinha 

and Pedri the study highlights the importance of high-level decision-making, 

spatial understanding, and anticipation in the midfield role across different top 

teams. The study also examines the psychological aspects of midfielders, 

discussing the importance of concentration, composure under pressure and rapid 

decision-making, especially in high-intensity possession-based systems such as 

those used by Barcelona, PSG, and Manchester City. The paper further compares 

players who have little physical dominance but possess high levels of footballing 

intelligence. This aspect of the study aims to be more inclusive, prompting coaches 

and scouts to focus more on nurturing players who exhibit vision, creativity and 

mental agility, despite their potential lack of elite physical attributes. The study 

also offers a critique on current footballing trends and practices, particularly 

those that may inadvertently discourage or overlook technically skilled yet less 

physically imposing midfielders. Suggestions are made on how to incorporate 

cognitive training in player development and in youth academies, to encourage 

the retention of diverse midfielder profiles. 

 

Keywords: Central Midfield Performance, Perceptual–Cognitive Expertise,  

Decision-Making Under Pressure, Talent Identification in Football, Youth Player 

Development 

 

 

Literature Review 

 

The Physical Emphasis in Modern Football & Talent Identification  

 

Football has incorporated sport science and performance analysis as key core in 

its approach to player development and recruitment over the last 20 years. GPS data, 

sprint speeds, high-intensity running volumes, duel success rates, and biometric analysis 

have become more common at all levels, in particular within youth academies, with 

analysis software systems now key parts of almost any player assessment. These tools 

have allowed for better conditioning standards and specific load management and can 

certainly help with identification of useful physical qualities in players. However, they 

have also, at times, led to a potentially unintended and flawed evaluative bias: that 
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players who are more physically developed at a younger age are considered to be 

more “ready” or more “talented”, even if the long-term performance profile of the 

position is in many ways more related to cognitive and technical characteristics. 

Central midfield is one of the positions on the pitch most affected by this trend. 

Functioning as the tactical engine of the team, a central midfielder is expected to 

receive the ball under pressure, link build-up with attack, control transition, and 

maintain positional balance. These playmaking functions require a wide range of often 

decisive actions and decisions: creating angles and space to receive, scanning for 

passing lanes and threats, manipulating available space with subtle movements, 

slowing or accelerating tempo with their choice of pass. However, in many youth 

environments, physical strength (speed, size, power, and general physicality) can 

create short-term impact in matches, and inflated levels of match activity can in turn 

affect talent identification processes or selection decisions. This means that technically 

inclined and cognitively strong players can be overlooked because they lack standout 

attributes or do not immediately excel in physically intense youth environments. A 

related structural factor that compounds this issue in many contexts is the “early-

maturation advantage”, which is commonly referenced in development literature as 

the Relative Age Effect, or more simply, being born earlier in the competitive year (or 

at a training facility) correlating with a higher likelihood of being selected and 

provided higher-quality coaching and competitive environments. This structural bias 

is widely documented in youth sport literature as the Relative Age Effect (Cobley et 

al. 2009, Helsen et al. 2005). 

Players who mature earlier and physically are often stronger, faster, more 

powerful, and therefore stronger and more physically dominant than those who mature 

later physically. The latter players are in some contexts filtered out too early, despite 

likely possessing better football intelligence, superior technical qualities, and the 

positional understanding to maximize their skills. In central midfield, this is especially 

damaging because the position is often one that rewards the decision-making and the 

spatial control of the ball that are not always as visible at lower or earlier levels of the 

sport, but which are increasingly exposed at higher tactical levels as these players age. 

The main argument of this paper is therefore not that physical qualities do not matter 

in modern football – they do – but that physical dominance is often being prioritized 

as the main predictor of future central midfield quality and performance, when in fact 

the most consistent differentiator is cognitive efficiency coupled with high levels of 

technical execution (Vaeyens et al. 2008). 

 

 

Decision-Making under Pressure: Perception, Scanning, and Tempo Control 

 

Central midfielders operate in the most information-dense zone of the pitch. In 

space between defensive and offensive structures, midfielders are surrounded by 

opponents, teammates, and constantly shifting passing lanes. These players also have 

less time to make decisions. For this reason, elite performance in the midfield is 

closely linked to a concept known as perception–action skill: the ability to read the 

environment (under pressure) and translate that information into effective actions in a 

limited time. At the tactical level, this concept encompasses all sorts of skill such as 
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pre-orientation (checking shoulders before receiving), scanning frequency, pressing 

triggers, teammate movement patterns, and opponent anticipation. Scanning, in 

particular, is a critical cognitive component of this skillset. A central midfielder who 

scans frequently and consistently before receiving will cut decision time in half once 

in possession. This leads to faster circulation, cleaner execution, and less turnovers, 

particularly against teams that play with high pressure. Scanning is not simply 

“looking around” it is an intentional cognitive action that looks for pressure, maps 

teammates, and reads space. When done to a high level, scanning enables midfielders 

to play with less touches, which is often the difference between beating pressure or 

losing possession in the modern elite game. Tempo control is another fundamental 

cognitive component. Elite midfielders instinctively know when to “speed up the game” 

with vertical passes and progressive carries, and when to “slow down the game” with 

recycling passes that re-establish structure (Araújo et al. 2006, Mann et al. 2007). 

The ability to control tempo is not a physical skill: it is a tactical and 

psychological skill that stems from understanding when and how to make these 

decisions. Under aggressive pressing structures, this composure is even more valuable. 

The midfielder who keeps his or her head under pressure can play the pass that breaks 

the press, while a more physically dominant, but cognitively rushed player will play 

the safe option over and over again (slow down attacking progress) or attempt a forced 

action at the wrong time (resulting in loss of possession). Cognitive quality also 

matters defensively. Intelligent midfielders often look “not fast,” but they are on time 

because they “get there early.” They cut passing lanes with their positioning rather 

than by running. They intercept because they read rather than react late. In this way, 

intelligence at the midfield level can obviate the need for constant physical emergency 

defending because smart midfielders can prevent danger before it happens 

(McGuckian et al. 2018, Aksum et al. 2021). 

 

 

The Elite Midfield Profile: Intelligence as a Competitive Advantage 

 

Coaching analysis and tactical research converge on the archetype of the central 

midfielder as a mentally sharp and technically sound player. Teams that excel in 

possession-based play and orchestrate the rhythm of the match tend to coalesce around 

midfielders who provide consistent structure and correct decision-making. A 

retrospective on FC Barcelona’s midfield, including the likes of Xavi Hernández, 

Andrés Iniesta, and Sergio Busquets, exemplifies a paradigm of cerebral dominance. 

Their collective dominance was anchored not in physicality but in positional acumen, 

swift decision-making in passing, and creating numerical advantages through 

intelligent movement and ball circulation. Andrea Pirlo’s transformation into a deep-

lying playmaker is another testament to how a player can orchestrate top-tier matches 

with vision and passing range, while forgoing speed or physical assertiveness. Luka 

Modrić's ability to thrive in elite midfield positions, even against younger and quicker 

players, provides a contemporary exemplar of world-class midfield intelligence 

operating at high tempo. These examples collectively underscore the notion that top 

central midfielders are not necessarily the ones who win physical duels but rather 

those who dominate temporally: creating it, stealing it, and exploiting it to steer the 
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game. This literature review thus reinforces the paper's central thesis: central midfield 

excellence is a cognitive-technical phenomenon. Physical attributes still play a role in 

aspects like stamina and one-on-one situations, but intelligence becomes the critical 

differentiator at the elite level. It influences the frequency with which a midfielder is in 

the right place at the right time, the speed of selecting the right action, and the ability to 

effectively link different areas of the team. Accordingly, player development systems 

and talent identification methodologies should place greater emphasis on intelligence 

and technical prowess, rather than defaulting to physical attributes as the primary 

barometer for midfield potential (Mann et al. 2007, Araújo et al. 2006). 

 

 

Methodological Approach and Analytical Framework 

 

This study employs an in-depth and qualitative approach, considering the 

multifaceted aspects of intelligence in central midfield performance. This encompasses 

tactical behavior, decision-making quality, and positional awareness under pressure in 

elite-level football. As a result, the analysis does not focus on purely quantitative 

performance data but rather on player intelligence, which can be essential for the 

central midfielder role but not always reflected in raw statistics. Using concepts such 

as perception–action coupling, scanning, tempo, pressure and positioning to 

understand how top players see the game and behave consistently during matches. 

Analysts looked for patterns of play instead of singular actions (Roca et al. 2013). 

Six Players were chosen due to their ability to perform at the highest level for an 

extended period of time and playing as a CM consistently in a possession-based style 

of play. These Players are Xavi Hernández, Andrés Iniesta, Andrea Pirlo, Sergio 

Busquets, Luka Modrić, Pedri, and Vitinha. Three full matches from each player were 

chosen from the UEFA Champions League, domestic league matches, and international 

competition between the years 2010 and 2024. Giving us 21 full matches to analyze.  

Videos of full matches were analyzed by watching and categorizing each moment 

using sport-specific observation categories based on previous perceptual–cognitive 

research. 

Categories analysts measured included: how often did the player scan their 

environment before receiving the ball, how quickly did they make decisions when 

under pressure, what types of passes did they pick out based on the situation they were 

in, how did they manipulate tempo, and where were they positioned relative to the 

play. Each full game was watched twice to ensure reliability. All conclusions were 

able to be drawn because these players exhibited the described behaviors multiple 

times during the games analyzed. Please keep the limitations of this being a qualitative 

study with a small sample of elite players in mind. 
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The Qualitative Tactical Analysis  

 

The main methodology applied in the process was the qualitative tactical analysis 

of game footage of elite central midfielders. The selected matches took place at the 

highest level of domestic and international club competitions, providing a high level of 

tactical sophistication and consistency in game requirements. Tactical analysis focused 

on central midfield behavior during different phases of play, such as build-up play 

organization, defensive transition, maintaining possession, and resisting pressing. In 

particular, attention was paid to positioning and movement in relation to teammates 

and opponents, response to pressure, and control of the game’s tempo through passing 

choices and movement off the ball.  

 

 

Counterarguments and Contextual Constraints 

 

Although this paper focusses on perceptual–cognitive intelligence as the primary 

separator of great midfielders from other players, physical traits are still valuable at the 

requisite level in certain tactical systems and/or leagues that place a premium on 

pressing or transitional play; in these systems or leagues, more sprint distance covered, 

won duels, and physicality may be required. This is evidenced by players like Patrick 

Vieira and Yaya Touré who possessed great physicality while maintaining high levels 

of tactical intelligence. As such, intelligence is not something that should be traded for 

athleticism. 

 

 

Player Selection Criteria 

 

The players under analysis (Xavi Hernández, Andrés Iniesta, Andrea Pirlo, 

Sergio Busquets, Luka Modrić, Pedri, Vitinha) were selected based on three main 

criteria. The first is that the players occupied a constant tactical position in a top-team 

setup with clear positional responsibilities in structured and possession-based tactics. 

The second is that the players were in the central areas of the field, and their primary 

role was tempo management and progression, rather than box-to-box coverage or 

defensive midfield. The third criterion is that these players are often described by 

coaches, analysts, and football literature as intelligence-based midfielders whose 

impact is not always measured by physical and athletic characteristics. This allowed 

for a sufficient comparison between players in different tactical systems, leagues, and 

eras while maintaining a consistent focus on the position and the impact of 

intelligence (Helsen et al. 2005).  

 

 

Analytical Dimensions 

  

For the intelligence evaluation of central midfielders, the players were analyzed 

based on several qualitative parameters. These include the spatial sense of the field, 

scanning and awareness, speed of decision-making under pressure, pass selection, 
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positional discipline, and anticipation in the defensive phase. The analysis focused less 

on isolated events but rather on patterns of play over time, for example, the 

consistency of making the right choices and reducing physical risk through intelligent 

positioning. Psychological stability and intrinsic motivation contribute significantly to 

elite performance development (González-Hernández et al. 2023). 

In football, the central midfielder is often called the “the “brain” of the team – 

and with deep reason. Central midfielders connect defense and attack, dictate the 

tempo of play, and make countless decisions that shape a match. In fact, “Central 

midfield is the nerve centre of any successful team,” as one analysis aptly put it. 

There’s a famous saying: if you control the midfield, you control the game. History 

shows that great teams nearly always have great central midfielders dictating things 

from the center. From Xavi and Iniesta in Barcelona’s prime, to Andrea Pirlo for Italy 

and AC Milan, to Luka Modrić, Toni Kroos for Real Madrid– the presence of a top-

class midfielder often defines a team’s identity and success. 

 

 

Why is the Central Midfielder so important? 

 

It is the player (or players, since modern teams often employ a pair or trio of 

central midfielders) who has to do the most varied jobs. They must support the team’s 

defense – by intercepting passes, making tackles, and covering spaces – and also 

initiate attacking moves by passing forward, switching play, and sometimes scoring or 

setting up goals themselves. They are quite simply “the perfect all-rounder” on the 

field. As one coaching article puts it, “Central midfielders are the link between defense 

and attack… constantly being in position to receive and pass the ball”. A team needs a 

high-quality central midfielder to reinforce its core, who is always ready to receive the 

ball under pressure and recycle it to a teammate in a better position. The role of central 

midfielder is the most important. This quality is what allows teams with dominant 

midfields (think of Spain’s World Cup-winning midfield of Xavi-Busquets-Iniesta, or 

Brazil’s great teams) to dominate the game with possession and control matches. It 

would not be an exaggeration to claim that “your team fails without quality in the 

middle of the field” – regardless of how good your strikers and defenders are, you 

need quality in midfield to glue it all together. 

And here, crucially, “quality” can take many different forms. A central midfielder 

does not need to be a strong physical player to do their job well. On the contrary, 

many of the greatest midfielders have been relatively slight of build and/or slow, but 

made up for it with exceptional intelligence, technique, and vision. As ESPN put it, 

“Central midfielders come in all shapes and sizes”. Take the example of Sergio 

Busquets, often dubbed the “metronome” of Barcelona: not particularly fast or 

physically imposing, yet “keeps Barcelona ticking through astute positioning and 

sensible distribution”. Andrea Pirlo and Xavi Hernández are similar players in this 

regard, “thriving in relatively deep positions” and concentrating on dictating play 

through their passing range and football IQ rather than their pace. They are thinking 

fast and making correct decisions faster than players who has better pace. These 

players are two steps ahead of the game, reading the play so well that they can position 

themselves perfectly and pick the right passes to exert complete control over matches. 
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Of course, there have also been many great midfielders who are more built around 

physical attributes. Gennaro Gattuso or Roy Keane, for instance, are known for their grit 

and ball-winning aggression. Or take Patrick Vieira: a huge, towering figure with 

incredible power, yet also blessed with technical skill and vision. But the important thing 

is that one can have a top-class central midfielder who thrives almost exclusively on 

mental attributes and skill. As long as a player has the “brain” for the game – the 

awareness, vision, and decision-making – they can make up for a lack of size and pace.  

The key point is that one can be a top midfielder through mental attributes and 

skill alone. As long as a player has the “brain” for the game – awareness, vision, 

decision-making – they can compensate for not being the biggest or fastest. 

In fact, such stories are the stuff of football legend: young midfielders who are 

initially told they are too small and weak to make it at the highest level but then go on 

to become superstars purely through superior intelligence and technique. A famous 

case in point is Xavi and Iniesta at Barcelona: “Both players were famously 

overlooked at the start of their careers because they were too small.” Far too many 

scouts and coaches pigeonholed these lithe, 5’7” playmakers as who would struggle to 

handle the physical side of the game at top level. But Barca believed in their quality 

and were handsomely rewarded: Xavi and Iniesta became the heartbeat of a Barcelona 

team that won multiple Champions Leagues and a Spanish national side that went on 

to win the World Cup/Euro. Their rise showed the world that skillful ball control, 

vision, and quick thinking are enough to cut through bigger opponents. As Xavi 

himself put it, “Football has reached an incredible level of physical development… 

but I believe we have reached a limit of physical development… the side of talent, as 

well as technical and tactical knowledge, is where we can still improve. Talent is what 

makes the difference in a match… the decisive factor is not players with physical 

presence, but those who give meaning and structure to the game.”. Xavi, one of the 

greatest midfielders ever, openly declaring that football intelligence and natural ability 

will never be completely trumped by athleticism. 

To reinforce Xavi’s point: consider Luka Modrić, who led Real Madrid to 

multiple European titles and won the 2018 Ballon d’Or (World Player of the Year). 

Modrić stands at only 1.72m (5’8”) and isn’t exceptionally fast, yet he’s widely 

regarded as one of the best midfielders of his generation. Why? Because of his 

sublime technique and extraordinary football brain. Modrić once said, “Football is a 

game that is played with the head. You can put all the physical strength you want, but 

there is something called football intelligence… The physical will never supplant the 

intelligence.”. This quote from a modern great encapsulates the ethos shared by the 

likes of Xavi, Pirlo, and others – what truly sets elite midfielders apart is their mental 

sharpness and understanding of the game. They know where to be on the pitch, when 

to speed up or slow down play, and how to make the correct decision under pressure. 

Their awareness and vision allow them to see passes that others don’t, and their 

composure allows them to execute those passes even in high-stakes moments. 

Real-world examples of central midfielders who succeeded through brain over 

brawn: 
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• Xavi Hernández – Xavi was the strategic brain of Barcelona. He stands around 

5’7” and was never an elite sprinter, but his vision and game understanding 

were second to none. Xavi could constantly find space to receive the ball, 

looking around,scanning the position and knew how to bypass entire defenses 

with one slip pass. His decision-making and one-touch play set the rhythm for 

his team. As mentioned, despite early doubts about his size, he became a 

legend by out-thinking opponents. Outcome: 4 Champions League titles and a 

World Cup, 2 Euros, all built on mind, not muscle. 

• Andrés Iniesta – Xavi’s midfield partner, similarly modest in stature, with 

sublime close control and creativity. Iniesta’s high game IQ and unique 

technique allowed him to glide past opponents in midfield, but it was his game 

intelligence – knowing when to dribble, when to pass, where to open space 

and his knack for scoring clutch goals – that made him invaluable. He 

famously scored the last-minute goal against Chelsea and the winning goal in 

the 2010 World Cup final a testament to his calm mentality under pressure. 

• Andrea Pirlo – Nicknamed “Il Maestro,” Pirlo is an iconic example of a 

player who “doesn’t tackle, doesn’t sprint, yet dominated midfields. Lacking 

pace and not being very physical, Pirlo reinvented himself as a deep-lying 

playmaker (regista). He would drop near his defenders, orchestrate play with 

40-yard passes, free-kicks, and through-balls. His quote “Football is played 

with the head, your feet are just the tools” is legendary, emphasizing that 

thinking is a footballer’s main job. Pirlo’s ability to dictate a game’s tempo 

with his mind and technique helped Italy win the 2006 World Cup and AC 

Milan, Juventus to multiple trophies. 

• Sergio Busquets – A defensive midfielder who exemplifies game intelligence. 

Busquets isn’t fast or physically strong by typical standards, but his positional 

sense is so acute that he always seems to be in the right spot to intercept passes 

or provide an outlet for teammates. He operates almost like a chess player, has 

an enormous impact on the game, anticipating opponents’ moves. It’s often 

said that “you won’t notice Busquets unless you watch closely,” because he 

does the simple things perfectly – one-touch passes, opening passing lanes, 

and maintaining team structure. Coaches and players have lauded him as one 

of the smartest players in football, and he has been a backbone for Barcelona 

and Spain for over a decade. 

• Luka Modrić – As discussed, Modrić uses agility and quick thinking over 

brute force. Even in his mid-30s, he was outplaying younger, faster players 

because his understanding of space and timing is superb. He knows how to 

create angles to receive the ball and can wriggle out of tight spaces with a drop 

of the shoulder. His endurance is excellent (a reminder that fitness matters 

too), but it’s his decision-making – when to carry the ball forward, when to 

make a killer pass, when to help defensively – that makes him extraordinary. 

• Pedri (Barcelona) and Vitinha (Paris Saint-Germain) – These are young 

midfielders who represent the next generation of the “smart, technical 

midfielder.” Pedri, at just 22, has been praised for a football IQ beyond his 

years – always making the right pass and barely losing possession. “It’s true I 

don’t have the physical build of some stronger players, but I try to compensate 
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in other ways,” Pedri has noted. He relies on skill, agility, and clever movement 

rather than outmuscling opponents. Vitinha, similarly, is a relatively small, 

creative midfielder who excels at pass-and-move football with incredible 

technique. His national team coach Roberto Martinez explained that Vitinha “is 

at the heart of PSG’s in-possession game”, highlighting his technical role and 

importance in dictating play. These examples show that even as the sport 

evolves, there is still a place for the cerebral playmaker. 

• Fernandinho – Unlike the others, Fernandinho (formerly of Manchester City) 

is a bit more physical, but he’s worth mentioning because he demonstrated 

how intelligence amplifies a midfielder’s impact. As a defensive midfielder in 

his 30s, Fernandinho wasn’t the quickest, but he used his experience and 

reading of the game to break up attacks and start his team’s own moves. He 

was often described as the “shield” for City’s defense and the launchpad for 

attack. His positional discipline and leadership made City’s midfield balanced 

and showed that even a more defensive-minded CM relies on footballing IQ 

(knowing when to foul tactically, how to cover spaces, etc.). His IQ even 

made him to play as a central defender, without being too fast he was able to 

play incredibly as a central defender as well. 

 

This variety of examples underlines that young players who are smart and 

technically skilled should never be discouraged by not being the strongest or fastest. 

Of course, having pace, power, and stamina is an advantage – modern midfielders do 

run a lot (the role often demands the highest distance covered in a match). But 

physical attributes can be developed over time (through training, nutrition, etc.), 

whereas football intelligence is a unique asset that can set a player apart. Many youth 

systems today are recognizing this: they look for players with good decision-making 

and ball control, not just those who win every sprint at age 15. Sadly, as Cruyff 

lamented, some talented youths have been rejected because they weren’t big or strong 

at a young age – “I find it terrible when talents are rejected based on computer stats… 

When I was 15, I couldn’t kick a ball 15 meters with my left… My qualities, technique 

and vision, are not detectable by a computer.”. This is a powerful reminder that vision 

and game understanding often manifest in ways that raw data (like sprint speed or shot 

power) won’t capture. A player who might be lightweight in their teens could still 

become the next Modrić or Xavi if nurtured properly. 

 
For young central midfielders reading this: the message is clear. Cultivate your mind and 

technique. Study the game, learn from the masters mentioned above, and improve skills 

like first touch, passing, awareness of your surroundings, and anticipation. If you are a 

smaller or less physically dominant player, don’t be discouraged – focus on being “two 

steps ahead” in thought. As Cruyff said: “Football is a game you play with your mind”. 

A quick thinker can often beat a quick runner by positioning themselves smartly or 

executing a perfect pass. And when you do work on physical aspects (which are still 

important for endurance and injury prevention), remember that it’s the combination of 

brain and body that makes a top player. A quote often attributed to various coaches states 

that “hard work beats talent when talent doesn’t work hard.” So, the ideal is to be 

talented and work hard – use your intelligence, but also train your body to its best 

potential. However, never think that you can’t succeed just because you’re not built like a 
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typical athlete. The success of so many “undersized” midfield legends proves that football 

has ample room for the clever playmaker or deep thinker (Modrić 2018). 

 

 

Implications for Youth Development and Scouting 

 

Limitations of Current Talent Identification Models 

 

The current football scouting culture and infrastructure that is usually employed 

at youth levels is heavily based on selecting the players who display the most potential 

to outperform their peers, which is strongly based on physical attributes, including 

speed, strength, and stamina, among others. This sort of approach poses a structural 

handicap when it comes to the role of the central midfielder, as it is easy to overvalue 

the presence of physical superiority over the presence of on-field intelligence, 

creativity, and decision-making. It is not difficult to find players that would fall under 

this criteria of having shown potential and skill on the ball during their adolescence but 

not being able to physically outplay their opponents, being demoted from their 

position due to poor performance while a physically superior player is chosen to fill 

their role, causing this type of intelligent playmakers to be either filtered out of the 

system or to be chosen for a less prestigious position where their play style is better 

suited for, which causes a major variety in midfield type players to be less in the long 

run. Proof of this notion can be found in past world-class midfielders such as Xavi 

Hernández, Andrés Iniesta, or Luka Modrić, who would not have been considered 

elite by these parameters due to a lack of physical dominance in their positions, instead 

being outshone by players who had a less intelligent disposition but were physically 

superior in their roles (Honigshtein 2014). 

 

 

Reframing Evaluation Criteria for Central Midfielders 

 

To mitigate these biases, scouting and player evaluation models must adapt to 

incorporate these cognitive and tactical attributes more prominently. Intelligence-

based metrics for central midfielders could include the frequency of scanning before 

the ball is received, the consistency of correct decisions under pressure, adherence to 

optimal positions during both attacking and defensive transitions, and spatial 

manipulation with minimal touches. Evaluators should also assess the extent to which 

players elevate the performance of those around them. Intelligent midfielders often 

enhance team performance by providing continuous passing options, maintaining 

team balance, and orchestrating transitions. These qualities might not be as visible in 

traditional metrics but are indicative of proficient midfield play. By integrating 

qualitative observation with quantitative analysis, scouts and coaches can form a more 

holistic view of a player’s potential. 

 

 

https://www.fifa.com/
https://www.fifa.com/
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Counterarguments and Contextual Constraints 

 

While this study emphasizes cognitive and technical intelligence as central to elite 

midfield success, physical dominance remains relevant in specific tactical environments. 

Pressing-intensive systems, transition-heavy leagues, and lower-division competitions 

may place greater emphasis on sprint capacity, duel success, and high-intensity 

running metrics. Players such as Patrick Vieira and Yaya Touré exemplify hybrid 

profiles combining physical power with tactical intelligence. Therefore, intelligence 

should not be viewed as a replacement for physical capacity but as a differentiating 

factor once baseline athletic requirements are met. 

 

 

Practical Recommendations for Youth Academies 

 

Youth academies have a pivotal role in how the intelligence of a midfielder is 

nurtured and valued. Training regimes should prioritize enhancing players’ perception, 

decision-making abilities, and tactical understanding rather than focusing solely on 

physical output and metrics. Small-sided games, positional rondos, and constraint-

based games are excellent methods to force increased decision-making and limit the 

opportunity to outplay an opponent physically.  

Video analysis and structured reflection sessions can also significantly contribute 

to developing these cognitive skills by allowing players to recognize patterns, 

understand positioning, and assess the outcomes of their decisions. Encouraging 

players to articulate their decision-making process can help strengthen the connection 

between perception and action. Crucially, the physical development of young players 

must be viewed as a long-term process, providing technically and cognitively inclined 

players sufficient time to develop physically without being sidelined or pushed out of 

the game prematurely. 

Prioritizing intelligence in player development, alongside physical attributes, 

allows academies to create a more inclusive and effective development pathway. This 

approach not only increases the chances of producing world-class central midfielders 

but also ensures player development is more closely aligned with the tactical realities 

of the modern game (Planet training). 

 

 

Discussion, Limitations, and Future Research 

 

The review of play confirms that central midfielders do show signs of 

intelligence-led play by dictating play and tempo with good positioning, scanning and 

calmness under pressure. The research in this work would suggest this is how a top-

class central midfielder should play, this is also what I have come across in the work 

of coaches tactically and in terms of game plans within top teams at an elite level.  

To reiterate there are some issues with this study, it uses small samples, and there 

could be more precise and wider evidence for central midfielders not fitting the 

description, therefore a larger quantitative analysis would help to improve the findings 

and analysis of this study. This is only one tactical view of central midfielders and 
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with time as one progresses as a coach, the list will only develop and grow. However, 

this tactical review has been put forward in order to give a qualitative overview of how 

top-level central midfielders play at the moment and is by no means the be-all and 

end-all.  

For the same reasons this tactical review only focused on central midfielders in 

the top level and lower down the football ladder, the playing styles and constraints 

such as physical attributes on development can change. Future research can follow 

groups of central midfielders as they develop as footballers, as well as a range of 

metrics could be utilized to increase understanding of intelligence in the position.  

With the advent of AI and machine learning, these could be used to scout for 

more technical and tactical aspects such as scanning, passing decisions and positional 

heat-maps within games to find recurring trends within these central midfielders. 

Performance in elite level central midfield appears linked to perceptual–cognitive 

skill, particularly scanning behavior, anticipation & tempo. Physical attributes do play 

a role in performance namely sprint ability & strength in duels but intelligent 

positioning often negates physical reactive actions. Research supports ideas from 

perceptual–cognitive expertise literature (Mann et al. 2007) and ecological dynamics 

frameworks (Araújo et al. 2006). Limitations of generalizability are present due to 

qualitative methodology. Future studies should utilize mixed-methods to compare 

notational analysis, GPS-based physical data and longitudinal development. 

 

 

Conclusion  

 

In conclusion, elite central midfield performance appears closely linked to 

perceptual–cognitive expertise and technical execution. While physical capacity 

remains important, intelligence-driven positioning and decision-making consistently 

differentiate elite performers. These findings reinforce the need for cognitively 

informed scouting and development frameworks in modern football. 
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